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NX EhG, X] \TVN WM]9]G .T" ;GhINh6] X¾ | \TíC̀C 99[Á .T" IåO99[Á Wd \TVN 4h WX;C[ Wd 

åX"E] 4$ 4[NÁ M» &W] COX ;t̂4O (Wd 

 
                                          ($Uh4 4�M[O \K�
Od) 

 



�ी िनलेश एम�ी िनलेश एम�ी िनलेश एम�ी िनलेश एम. . . . देसाईदेसाईदेसाईदेसाई,,,, 
सह अ�य�सह अ�य�सह अ�य�सह अ�य�, , , , सगंो�ी आयोजन सिमितसगंो�ी आयोजन सिमितसगंो�ी आयोजन सिमितसगंो�ी आयोजन सिमित//// 

उप उप उप उप िनदेशकिनदेशकिनदेशकिनदेशक    ----    एमआरएसएएमआरएसएएमआरएसएएमआरएसए, , , , सकैसकैसकैसकै  

संपादक$यसंपादक$यसंपादक$यसंपादक$य 

अतं%र� &वभाग/ भारतीय अतं%र� अनुसंधान सगंठन के सभी क, - तथा यूिनट 1ितवष3 4हंद5 म, 

तकनीक$ संगो&�य6 का आयोजन करते ह7। इस :म म, इस वष3 अतं%र� उपयोग क, - / 

&वकास एवं शै;�क संचार यूिनट, अहमदाबाद “समाज, &व>ान और सुर�ा के िलए अतं%र�” 
&वषय पर 4हंद5 म, तकनीक$ संगो�ी का आयोजन कर रहे ह7। क, - @तर पर आयो;जत इस 

तकनीक$ संगो�ी के िलए लेख आमं&Bत 4कए गए, ;जसम, लेखक6 क$ ओर से अDछा सहयोग 
िमला और िनधा3%रत ितिथ तक तकनीक$ सB के अतंग3त 38 आलेख 1ाH हुए। इसके पIात ्

मूKयांकन सिमित ने सभी लेख6 का मूKयांकन 4कया और लेखक6 को लेख सुधार के िलए 
अपने सुझाव 4दए। क, - म, अब तक आयो;जत कई 4हंद5 तकनीक$ सगंो&�य6 म, पहली बार 

लेखक6 का पजीयंन, लेख 1ािH तथा मूKयांकन सिमित के सद@य6 Mारा लेख6 का मूKयांकन 

ऑनलाइन 4कया गया। इसके िलए बनाई गई वेबसाइट के उपयोग से समय तथा कागज़, आ4द 
लेखन सामPी क$ बचत के अलावा, मूKयांकन, पारदिश3ता और -तु सं1ेषण सुगमता से 4कया 

जा सका। वेबसाइट के मा�यम से 4दए गए मूKयांकन सिमित के सुझाव6 के अनुRप लेखक6 ने 
अपने लेख6 को संशोिधत करके पुनः 1@तुत 4कया।  

संगो�ी के िलए 1@तुत लेख6 म, अतं%र� के सामा;जक पहलू के साथ अनुसंधान, &व>ान एवं 
सुर�ा संबंधी पहलुओं पर अDछा 1काश डाला गया है। यह लेख संPह, अतं%र� से जुड़े &वषय6 

पर 4हंद5 म, एक अनोखा और उपयोगी संकलन िसV होगा।  

साथ ह5 अतं%र� &वभाग के 4दशा-िनदWश6 के अनुपालन म, इस तकनीक$ संगो�ी के अतंग3त 
राजभाषा सB भी शािमल 4कया गया है, ;जसके अतंग3त “अतं%र� 1ौYोिगक$ के �ेB म, 

राजभाषा के 1गामी 1योग” &वषय पर क, - के लेखक6 से लेख आमं&Bत 4कए गए। राजभाषा 
सB के अतंग3त 5 लेख 1ाH हुए, ;जनका गुणव[ा के आधार पर संगो�ी म, 1@तुित के िलए 

चयन 4कया गया। 

उ\ सभी @वीकृत लेख6 को इस लेख-संPह म, 1कािशत 4कया गया है। लेख6 को पु@तकाकार म, 

1कािशत करने के िलए आव^यक फॉमW4टंग और 1ूफशोधन 4कया गया है। इस लेख-संPह के 

िलए मूKयांकन सिमित और 1लेख सिमित ने काफ$ �म 4कया है। आशा है 4क लेख-संPह 
4हंद5 भाषा म, एक उपयोगी और महaवपूण3 द@तावेज िसV होगा।  

लेख-संPह म, मूल Rप से लेख-1@तुतकता3ओं का योगदान ह5 सवbप%र है, इसिलए आयोजन 
सिमित सभी लेख 1@तुतकता3ओं Mारा लेखन काय3 हेतु 1द[ समय और �म का सcमान करती 

ह7।  

4हंद5 तकनीक$ संगो�ी Ð 2015 के सफल आयोजन हेतु मेर5 हा4द3क शुभकामनाएँ। 

 
(िनलेश एमिनलेश एमिनलेश एमिनलेश एम. . . . देसाईदेसाईदेसाईदेसाई) 



K]K]K]K]....%O%O%O%O. . . . O[;I_CO[;I_CO[;I_CO[;I_C    

WEíN W\9TWEíN W\9TWEíN W\9TWEíN W\9T, , , , W"6h�] %Nh;G WåM\CW"6h�] %Nh;G WåM\CW"6h�] %Nh;G WåM\CW"6h�] %Nh;G WåM\C////    

TåO� åXÝE] $\F4[O]TåO� åXÝE] $\F4[O]TåO� åXÝE] $\F4[O]TåO� åXÝE] $\F4[O], , , , We4We4We4We4    

 
    

%L[O%L[O%L[O%L[O    
 

$"CåOÈ (INh6 4%&/ \T4[W .T" Ue\È4 W"9[O N_\G>, $XME[K[E *\CTVÁ åX"E] M» C4G]4ü \TVN/ IO 

W"6h\�N/ 4[ %Nh;G 4OCd X¾| \GEdU4, We4 4ü $ÜNÈC[ M» W"I4 O[;L[V[ 4[N[ÁÝTNG WåM\C 4ü 

Ke?4 M» &W W"6h�] 47 %Nh;G 47 \Q. \GN"94, We4 4ü $ÜNÈC[ M» W"6h�] %Nh;G WåM\C 4[ 

6?G å4N[ 6N[ 3O %Nh;G WåM\C Gd W"6h�] 47 Ŵ6MC[ Wd %Nh;G XdC^ \T\L4 (I WåM\CN/ 4[ 

6?G å4N[| &W *4[O $Gd4 *4[O Wd \T\L4 $\F4[åON// 4MÁ9[åON/ 47 WXNh6 Wd W"6h�] 47 

%Nh;G 4ü <IOd5[ CeN[O 4ü 6'| 

\GW"EdX, W"6h\�N/ ;eWd 4[NÁ?M W[M_åX4 *N[W/ 4[ ŴJQ XhCd X¾| W"6h�] 47 WL] Qd54/, 

\T\L4 WåM\CN/ 3O 4[N[ÁQN 47 $\F4[åON// 4MÁ9[åON/ 47 $M_çN WMN T ÅM Gd &W W"6h�] 4ü 

WJQC[ 4ü GùT O5] Xe|  

WTÁ*DM, M¾ \GEdU4, We4 3O \GEdU4, @d4F 4[ CXdåEQ Wd %L[O] G!, \;ÝX/Gd WMN-WMN IO 

$IG[ $M_çN M[6ÁEUÁG åEN[ 3O W"6h�] Wd ;^td \T\L4 M[MQ/ IO WåM\C K[O[ \Q. 6. \GBÁN/ 4h 

C^O"C $GM̂hEG *E[G å4N[| 

W"6h�] %Nh;G WåM\C 47 $ÜNÈ 4ü L_åM4[ $ÙN"C MXÙTI_BÁ XhC] Xe, &W47 \Q. M¾ 

%Nh;G WåM\C 4ü $ÜNÈ Å]MC] M\N4[ MX[;G, \GN"94, We4 3O WX $ÜNÈ Å] \GQdU .M. 

EdW[', (I \GEdU4-.M%O.W. 47 *\C %L[O] G!| \;G47 \TUdV *N[W/ Wd W"6h�] 4[ *9[QG 

TdKW[&> 47 M[ÜNM Wd å4N[ 6N[| W"6h�] 47 ?N T $ÝN Qf\;\í>4 WXNh6 47 \Q. Ŵ*9[QG 

WåM\C 47 $ÜNÈ Å] @].47. E[W, (I\GEdU4-.W.GI]. 3O (G4ü >]M, *[P %Qd5/ 47 ND[WMN 

M_çN["4G 4OGd 47 \Q. M_çN["4G WåM\C 47 $ÜNÈ @f. W]..M.å4íCT[Q, (I \GEdU4-.2.W;]-

'I].W. .T" $ÝN WåM\C WEíN/ 3O Qd5-W"RX 47 *4[UG 47 \Q. *Qd5 WåM\C 4ü $ÜNÈ[ Å]MC] 

O9G[ I>G[N4, *F[G-ÎíC4[QN *L[6 T $ÝN WåM\C WEíN/ 4[ SEN Wd %L[O] G!| XMdU[ 4ü 

COX 4TO Ì�/ 4ü å@s[&\G"6 M» @d4F K[O[ 4ü 6' Xe XM @d4F 4ü Mç>]M]å@N[ QdK 47 L] %L[O] X¾|  

\TL[6 47 \GE¼U[G^W[O W"6h�] M» &W TVÁ .4 O[;L[V[ W9 L] U[åMQ å4N[ 6N[ \;W47 

$"C6ÁC “$"CåOÈ *iYh\64ü 47 Èd9 M» O[;L[V[ 47 *6[M] *Nh6” \TVN IO 4%& íCO IO Qd5 %M"\9C 

å4. 6.|  

$Ï:d %Qd5/ 47 \KG[ W"6h�] 4ü 4çIG[ L] GXù 4ü ;[ W4C]| &W\Q., M¾ \TUdV <I Wd 

Qd54/ 4[ %L[O] G!, \;ÝX/Gd Kt] MdXGC Wd W[O6\LÁC .T" (INh6] Qd5 \Q5d 3O W"6h�] M» *íCĈ 

å4. | &W W"6h�] Wd *ÙNÈ .T" IOhÈ <I Wd ;^td *ÙNd4 êN\^ 47 *\C L] M¾ %L[O] G!, FÝNT[E| 

 

((((K]K]K]K]....%O%O%O%O. . . . O[;I_CO[;I_CO[;I_CO[;I_C)))) 
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सद.य 
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अ#य$ 
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सद.य 

�ीमती सुनंदा C+वेदB 

�ी डी.के.
सहं 

�ी राजेश खडंलेवाल 
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डॉ.बी.एस.मंुजाल 

सद.य स>चव 

�ीमती नीलू सेठ 
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अ#य$ 

�ी डी.के.दास  

सद.य 

�ी सी.एन.लाल 
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�ीमती लBना कोहलB कपूर 
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�ी राजू आचाय� 

सद.य स>चव 
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अ#य$ 

�ीमती रचना पटनायक 

सद.य 
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सु�ी रजनी सेमवाल 
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�ह�द� तकनीक� संगो�ठ�, सकै/डकूे, अहमदाबाद - 2015 

i                                समाज, #व%ान और सुर)ा के *लए अतं-र) 
 

$G�̂M\B4[$G�̂M\B4[$G�̂M\B4[$G�̂M\B4[    

C4G]4ü C4G]4ü C4G]4ü C4G]4ü W� W� W� W� ----    1111    $"CåOÈ \TÉ[G åMUG .T" $G�̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G�̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G�̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G�̂Nh6    

WMN# WMN# WMN# WMN# 1145 1145 1145 1145     Wd Wd Wd Wd 1300130013001300    K;dK;dK;dK;d    

����....    U]VÁ4U]VÁ4U]VÁ4U]VÁ4    Qd54 4[ G[MQd54 4[ G[MQd54 4[ G[MQd54 4[ G[M    I`- W"I`- W"I`- W"I`- W"....    

1.  (I/X X[@ÁTdNO 42 \Q. .çNå̂M\GNM åMÅF[C^ (I/X X[@ÁTdNO 42 \Q. .çNå̂M\GNM åMÅF[C^ (I/X X[@ÁTdNO 42 \Q. .çNå̂M\GNM åMÅF[C^ (I/X X[@ÁTdNO 42 \Q. .çNå̂M\GNM åMÅF[C^ 6061606160616061----

T6T6T6T6    IO \GM8G 4[Q[ \TQdIGIO \GM8G 4[Q[ \TQdIGIO \GM8G 4[Q[ \TQdIGIO \GM8G 4[Q[ \TQdIG    

TeU[Q] (MO[B]N[ 

\TGhE \QMNd 

1 

2.  (ìB4å>K"F]N 9�T[C 42 I_T[ÁG^M[G M» (ìB4å>K"F]N 9�T[C 42 I_T[ÁG^M[G M» (ìB4å>K"F]N 9�T[C 42 I_T[ÁG^M[G M» (ìB4å>K"F]N 9�T[C 42 I_T[ÁG^M[G M»     (I/X]N (I/X]N (I/X]N (I/X]N 

%4tC%4tC%4tC%4tC    4ü4ü4ü4ü    L_åM4[L_åM4[L_åM4[L_åM4[    

G]E ;eWT[Q 

 

9 

3.  ;]We>;]We>;]We>;]We>----7 7 7 7 M» �N^H %'M» �N^H %'M» �N^H %'M» �N^H %'....    .J.J.J.J....    K¾@K¾@K¾@K¾@    Wd N_Wd N_Wd N_Wd N_.....9.9.9.9.....J.J.J.J....    K¾@K¾@K¾@K¾@    

$\L(L IåOT\CÁ�$\L(L IåOT\CÁ�$\L(L IåOT\CÁ�$\L(L IåOT\CÁ�    

W^EdU 4MM[O ;eG, ÑNhÙíG[ 

Q[@4[G], ;NdU ?SO, @].42.\W"X 

15 

4.  4[>TWe>4[>TWe>4[>TWe>4[>TWe>----2222C C C C G]CL[O KVíIdÊÔÄM] W"W_94 %OhIBG]CL[O KVíIdÊÔÄM] W"W_94 %OhIBG]CL[O KVíIdÊÔÄM] W"W_94 %OhIBG]CL[O KVíIdÊÔÄM] W"W_94 %OhIB    

WM^WM^WM^WM^LN 4[ N["\�4ü $\L4çI .T" \TëQdVBLN 4[ N["\�4ü $\L4çI .T" \TëQdVBLN 4[ N["\�4ü $\L4çI .T" \TëQdVBLN 4[ N["\�4ü $\L4çI .T" \TëQdVB    

4MQ 4MM[O �;[IC 

 

20 

5.  W_5d W_5d W_5d W_5d ( ( ( ( Drought) Drought) Drought) Drought) 42 %"4QG 42 \Q. 42 %"4QG 42 \Q. 42 %"4QG 42 \Q. 42 %"4QG 42 \Q.     L[OC]N L\̂íDO L[OC]N L\̂íDO L[OC]N L\̂íDO L[OC]N L\̂íDO 

(I/X 4[ (INh6(I/X 4[ (INh6(I/X 4[ (INh6(I/X 4[ (INh6    

O[VQ \G6M 

\KMQ 4MM[O Le[9[NÁ 

26 

6.  &ÝWe>&ÝWe>&ÝWe>&ÝWe>    3333    @] GfDÁ id> 4[ (ìM]N 9[Q4C[ M[IG .T" @] GfDÁ id> 4[ (ìM]N 9[Q4C[ M[IG .T" @] GfDÁ id> 4[ (ìM]N 9[Q4C[ M[IG .T" @] GfDÁ id> 4[ (ìM]N 9[Q4C[ M[IG .T" 

C[I[ÝCO 4M 4OGd XdC ̂W<̂[TC[I[ÝCO 4M 4OGd XdC ̂W<̂[TC[I[ÝCO 4M 4OGd XdC ̂W<̂[TC[I[ÝCO 4M 4OGd XdC ̂W<̂[T    

åEGdU GhQ5[ 

;dåMG K] O[M] 

32 

7.  9"kN[G9"kN[G9"kN[G9"kN[G>],MW]>],MW]>],MW]>],MW]    (TMC)  (TMC)  (TMC)  (TMC)  42 (L QdTQ �h@Ê>42 (L QdTQ �h@Ê>42 (L QdTQ �h@Ê>42 (L QdTQ �h@Ê>    .T".T".T".T"    

(INh\6C[.!(INh\6C[.!(INh\6C[.!(INh\6C[.!    

4o $äNO 

W^G"E[ \�TdE] 

36 

C4G]4ü C4G]4ü C4G]4ü C4G]4ü W�W�W�W�----2 2 2 2 (oC $"CåOÈ �irh\64ü $TNT (oC $"CåOÈ �irh\64ü $TNT (oC $"CåOÈ �irh\64ü $TNT (oC $"CåOÈ �irh\64ü $TNT ((((L[6L[6L[6L[6----1111))))    

WMN# WMN# WMN# WMN# 1145 1145 1145 1145     Wd Wd Wd Wd 1300130013001300    K;dK;dK;dK;d    
1.  L\TìN 42 L[OC]N $"CO(I/X]N $"CåOÈ $\LN[GC 42 L\TìN 42 L[OC]N $"CO(I/X]N $"CåOÈ $\LN[GC 42 L\TìN 42 L[OC]N $"CO(I/X]N $"CåOÈ $\LN[GC 42 L\TìN 42 L[OC]N $"CO(I/X]N $"CåOÈ $\LN[GC 42 

\Q. \Q. \Q. \Q. (INh6] Odå@NhFMú C[ITerĈ (ÙI[E4(INh6] Odå@NhFMú C[ITerĈ (ÙI[E4(INh6] Odå@NhFMú C[ITerĈ (ÙI[E4(INh6] Odå@NhFMú C[ITerĈ (ÙI[E4    (Radioisotope 

Thermoelectric Generator, RTG): : : : 4M: %O"\L4 $ÜNNG4M: %O"\L4 $ÜNNG4M: %O"\L4 $ÜNNG4M: %O"\L4 $ÜNNG    
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4ü\CÁ Iå@N[ 

123 
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WMNWMNWMNWMN----    1045 1045 1045 1045 Wd Wd Wd Wd 1145 1145 1145 1145 K;dK;dK;dK;d 
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2.  $"CåOÈ \TL[6 4ü TdKW[&>C M» O[;L[V[ 42 �6[M] �Nh6$"CåOÈ \TL[6 4ü TdKW[&>C M» O[;L[V[ 42 �6[M] �Nh6$"CåOÈ \TL[6 4ü TdKW[&>C M» O[;L[V[ 42 �6[M] �Nh6$"CåOÈ \TL[6 4ü TdKW[&>C M» O[;L[V[ 42 �6[M] �Nh6    WhG_ ;eG 231 

3.  $"CåOÈ �irh$"CåOÈ �irh$"CåOÈ �irh$"CåOÈ �irh\64ü 42 Èd� M» åX"E] 42 �6[M] �Nh6\64ü 42 Èd� M» åX"E] 42 �6[M] �Nh6\64ü 42 Èd� M» åX"E] 42 �6[M] �Nh6\64ü 42 Èd� M» åX"E] 42 �6[M] �Nh6    4MQdU 4MM[O KO[N[ 236 

4.  O[;L[V[ åXÝE] 42 �9[O .T" �W[O M» $"CåOÈ (INh6 O[;L[V[ åXÝE] 42 �9[O .T" �W[O M» $"CåOÈ (INh6 O[;L[V[ åXÝE] 42 �9[O .T" �W[O M» $"CåOÈ (INh6 O[;L[V[ åXÝE] 42 �9[O .T" �W[O M» $"CåOÈ (INh6 4¨k4¨k4¨k4¨k    

4ü MXC]4ü MXC]4ü MXC]4ü MXC]    L_åM4[L_åM4[L_åM4[L_åM4[    

åEGdU 4MM[O $/T[Q 

å4UhO @] T[7dQ[ 

240 

5.  $"CåOÈ �irh\64ü 42 Èd� M» O[;L[V[ 42 �6[M] �Nh6$"CåOÈ �irh\64ü 42 Èd� M» O[;L[V[ 42 �6[M] �Nh6$"CåOÈ �irh\64ü 42 Èd� M» O[;L[V[ 42 �6[M] �Nh6$"CåOÈ �irh\64ü 42 Èd� M» O[;L[V[ 42 �6[M] �Nh6    O";G IOG[M] 

I"4; ;d U[X 

245 
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$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6 

(I'X X[@ÁTdNO 4� \Q. .çN^åM\GNM åMÅF[C ̂(I'X X[@ÁTdNO 4� \Q. .çN^åM\GNM åMÅF[C ̂(I'X X[@ÁTdNO 4� \Q. .çN^åM\GNM åMÅF[C ̂(I'X X[@ÁTdNO 4� \Q. .çN^åM\GNM åMÅF[C ̂6061-T6    IO \GM.G 4[Q[ \TQdIG IO \GM.G 4[Q[ \TQdIG IO \GM.G 4[Q[ \TQdIG IO \GM.G 4[Q[ \TQdIG  
Immersion Black Coating on Aluminum Alloy 6061-T6    for space hardwares     

TeU[Q] (MO[B]N[TeU[Q] (MO[B]N[TeU[Q] (MO[B]N[TeU[Q] (MO[B]N[, , , , \TGhE \QMNd\TGhE \QMNd\TGhE \QMNd\TGhE \QMNd    
$"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 412412412412, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E    

W[O["UW[O["UW[O["UW[O["U    

.çN^åM\GNM åMÅF[Ĉ 6061-T6 IO \GM.G 4[Q[ \TQdIG $"CåOÈ \TÉ[G åMUG .T" $G^#Nh6 4� \Q. å4N[ 6N[ Xe| 
&W IåONh;G[ 4[ (EdëN \TQdIG 4� W"È[OB #\COhF 6̂BFMÁ .T" WiO $TUhVB["4 M» T̀\; 4OG[ Xe| \TQdIG 4� 
M_çN["4G 4� \Q. \T\L> IO]ÈB $"CåOÈ (INh6 412, $XME[K[E M» å4. 6. X¾| IåOB[M åE5[Cd X¾ å4 \GM.G 4[Q[ 
\TQdIG .çN^åM\GNM åMÅF[Ĉ 6061-T6 4h W"È[OB Wd .4 KdXCO CO]4� Wd OÈ[ 4O W4C[ Xe| $"CåOÈ M» OXGd 4� \Q. 
\TQdIG 4[ M_çN["4G %2ÁC[ IO]ÈB, C[I 9CB IO]ÈB 3O C[I \GT[ÁC IO]ÈB ;eWd IN[ÁTOB]N IO]ÈBD Wd å4N[ 
6N[ Xe| \TQdIG 4� #4[U]N 6̂BFMÁ (WiO $TUhVB["4 3O $TOF (ÙW;ÁG["U) IN[ÁTOB]N IO]ÈBD Wd IXQd 3O K[E 

M» G[Id 6. X¾| \TQdIG 4ü W_÷M W"O9G[ 4ü ;[!9 QdWO \TëQdVB Wd 4ü 6' Xe| \TQdIG 4� W"È[OB #\COhF 4[ ASTM 

M[G4 B117 4� $G^W[O Wfç> í#d IO]ÈB O[O[ $ÜNNG å4N[ 6N[ Xe|  

W"4�CW"4�CW"4�CW"4�C    UáEUáEUáEUáE    

\GM.G 4[Q[ \TQdIG, .Gh@]4OB, (ÙW;Á4C[, WiO $TUhVB["4, IN[ÁTOB $TíD[, $"CåOÈ 

G[M[TQ]G[M[TQ]G[M[TQ]G[M[TQ]    
  Ap W_NÁ 4ü å4OBD Wd IOQ[\ãKC $"CåOÈ N[G 4[ $G^M[\GC WCX ÈdT (m2),  

 α $G^M[\GC ÈdT 4[ WiO $TUhVB["4,  

   σ í>]JG KhçÙsMG \íDO["4 (56.7 X 10-9 W/m2),  

  A $"CåOÈN[G 4[ 4WQ WCX ÈdT (m2),  

  ε #Èd\IC ÈdT 4ü WCX (ÙW;ÁG["U 

   T $"CåOÈ N[G 4[ \GOIdÈ C[IM[G (K) 

 

1111.... IåO9N IåO9N IåO9N IåO9N ::::    
.çN^åM\GNM åMÅF[Ĉ 6061-T6 4[ ÑN[E[CO #Nh6 W"O9G[ÙM4 $G^#Nh6D M» å4N[ ;[C[ Xe| $"CåOÈ M» 4W: 7>4D 
4h .çN^åM\GNM åMÅ F[Ĉ O[O[ (ÙI[åEC L[6D Wd KG[Gd 4� 4[OB I_Od W"O9G[ÙM4 W[M'] 4� T;G M» Cd;] Wd 4M] %' 
Xe| .çN^åM\GNM F[Ĉ 4� $ÙN"C 4M T;G 3O ÑN[E[ U\FU[Q] XhGd 4ü T;X Wd $"CåOÈ .T" N[C[N[C $G^#Nh6D M», 
X\DN[O 3O 0>hMhK[&Q ÈdT (INh6 Xh OX[ Xe| .çN^åM\GNM åMÅF[Ĉ2" 4� 4' $ÝN J[NEd X¾, ;eWd å4 (Ù4_` \TâC 
9^ãK4üN IO]ÈB #EUÁG, #7[C $TUhVB 4ü ÈMC[, \Ta^C 3O C[I]N 9[Q4C[, %åE|  
 

.çN^åM\GNM T[N^M"@Q]N 0ÊW];G 3O ;Q 4� W[D #\C\CN[ 4O4� 0ÊW[&@ åJçM KG[C[ Xe, ;h W"OÈB #E[G 
GXù 4OC[ Xe| F[C^ GM XT[ M» L] W"È[åOC XhC] Xe| NX O[W[N\G4 åJçM \GãM;G 4[Q[ \TQdIG .çN^åM\GNM 4ü WL] 
åMÅF[Ĉ2" IO .4 W^OÈ[ÙM4 åJçM #E[G 4OC[ Xe| NX #\CN[ \GìIÈ W"È[OB #\COhF EdC] Xe 3O 4h' 5[W 
%N[M] IåOTCÁG GX] XhC[ Xe, 3O W[M[ÝN eI Wd MU]\G"6 4� K[E #Nh6 å4N[ ;[C[ Xe| \TQdIG .4 (Ù4_` I»> 
%F[O L] Xe, 3O $ÊWO #4[U]N 3O TeâC]N 7>4D 4� W[D ;X[! 6eO IO[TCÁ4 WCX 4ü %TëN4C[ XhC] Xe TX[! 
(INh6 å4N[ ;[C[ Xe| 6XO[ L_O[ Wd 4[Q[ #4>G &W O[W[N\G4 åJçM 4ü \TUdVC[ Xe| NX #\CN[ IXQd $"CåOÈ 
(INh6 4� \Q. #M[\BC 4ü 6' 4[Qd .Gh@]4OB 4ü #\CN[ 4ü 4W: 4åMND 4h I_O] 4OC] Xe| &W O[W[N\G4 åJçM 
4� (I9[O M[ÜNM Wd W"W[\FC #\CN[ WJQC[I_TÁ4 IRNSS, INSAT, GSAT 3O (W4� K[E 4� WL] $"CåOÈ N[G 4� 
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IdQh@, ;X[! .çN^åM\GNM åMÅF[Ĉ 6061-T6 4[ (INh6 XhC[ Xe, TX[! IO &QdÊ>Äf\G4 WM^gN 4� WL] L[6D IO #Nh6 
å4N[ 6N[ Xe|  
    

2222.... C[I \GN"TB $G#̂Nh6C[I \GN"TB $G#̂Nh6C[I \GN"TB $G#̂Nh6C[I \GN"TB $G#̂Nh6::::    
4È[ M» .4 $"CåOÈ N[G .4 COJ #ÙNÈ W_NÁ 4� 4[OB MXÇM C[IM[G 3O E_WOd 3O 6XOd ?"@d $"CåOÈ 4� WMÈ XhC[ 
Xe| W"9[O .T" W^E_O W"TdEG (I'X 4ü \;G WCXD IO W_NÁ 4[ #4[U W]F[ ItC[ Xe, Td WCX $ÙN\F4 6MÁ Xh ;[C] Xe 3O 
;h WCX $"CåOÈ 4� 4M C[IM[G (4 4�\çTG) 4� WMÈ XhC] Xe, Td $ÙN\F4 ?"@] Xh ;[C] Xe| &W #4[O (I'X 4h 
C[IM[G 4ü (' W]M[2" W[M[ÝNCN[ (-100°Wd\çWNW Wd+100°Wd\çWNW) 4[ W[MG[ 4OG[ ItC[ Xe| (I'XD 4� 
G]CL[OD 4� \GM[ÁB M» \T\L> &QdÊ>Äf\G4 Ie4�;D ;eWd $\L'[X], U\F#TFÁ4, 'I]W] &ÙN[åE 4[ (INh6 XhC[ Xe| Nd 
Ie4�; 4' &QdÊ>Äf\G4 7>4D 4� W"Nh;G Wd KGd XhCd X¾, ;h #9CB 4� EiO[G (ìM[ 4[ (ÙW;ÁG 4OCd X¾| &G 7>4D 4[ 
\GåEÁ` 4[NÁ $IdÈ[ 4� $G^eI W"I> XhGd 4� \Q. &G4[ C[I\GN"TB $\C%TëN4 XhC[ Xe ÊNDå4 Nd .4 $Id\ÈC 
C[IM[G 4ü W]M[ M» X] Åd� 6̂BTÇ[ IO \GåEÁ` 4[NÁ 4[ W"I[EG4O I[Cd X¾| G]CL[OD 4� \GM[ÁB M» 4' COX 4� 
&QdÊ>Äf\G4 7>4D, #N^\FND 4[ (INh6 XhC[ Xe| $"CåOÈ 4� C]n (ìM]N T[C[TOB M» (I'X 4� &QdÊ>Äf\G4 7>4D 4[ 
C[I \GN"TB 9̂GiC]I_BÁ XhC[ Xe| $"CåOÈ N[G 4� 7>4D IO O[W[N\G4 \TQdIG 4OGd Wd T["\:C #4[U]N 6̂BFMÁ #[o Xh 
W4Cd X¾| &W COX O[W[N\G4 \TQdIG (I'X 4� C[I]N \GN"TB M» MXÙTI_BÁ L_åM4[ \GL[Cd X¾|  

F[OB[ 4O» å4 I`ÚT] 4� T[C[TOB Wd E_O $"CåOÈ M» (I'X 4ü %"CåO4 )ìM[ G6ØN Xe| \íDO C[IM[G \íD\C M» (I'X 
4� C[IM[G 4ü 6BG[ \GãG\Q\5C WM]4OB 4ü MEE Wd 4ü ;[ W4C] Xe|  

                                            S AS AS AS Apppp    α    = = = = σ    A A A A ε    TTTT4444                                                                                                        …………….…………….…………….…………….    ((((1)1)1)1)    

;X[! S W_NÁ \íDO["4 Xe ( 1353 W/m2),  

   Ap W_NÁ 4ü å4OBD Wd IOQ[\ãKC $"CåOÈ N[G 4[ $G^M[\GC WCX ÈdT (m2),  

  α $G^M[\GC ÈdT 4[ WiO $TUhVB["4,  

   σ í>]JG KhçÙsMG \íDO["4 (56.7 X 10-9 W/m2),  

  A $"CåOÈN[G 4[ 4WQ WCX ÈdT (m2),  

  ε #Èd\IC ÈdT 4ü WCX (ÙW;ÁG["U Xe, 3O  

   T $"CåOÈ N[G 4[ \GOIdÈ C[IM[G Xe| (K) 

NX íI` eI Wd IC[ 9QC[ Xe å4 (I'X 4� å4W] L] ÈdT 4[ C[IM[G W]Fd α/ε $G^I[C O[O[ \GN"\TC å4N[ ;[C[ Xe 
NX[!, UáE “$TUhVB” WL] WiO \Tå4OB (.ÊW-å4OB, IO[K¾6G], tëN, $TOF, Odå@Nh %T̀\C, %åE) 4h W"E\LÁC 
4OC[ Xe, ;Kå4 UáE “(ÙW;ÁG["U” &Ýu[Od@ O»; Wd #\CK"\FC Xe ÊNDå4 C[I]N \Tå4OB M^ËN eI Wd $TOF ÈdT Wd 
(ÙI> XhCd X¾| ÑN[E[CO (g WiO $TUhVB 3O (g C[I]N (ÙW;ÁG["U 4� \Q. Nd 4[Qd \TQdIG (I'X 4ü %C"åO4 
WCXD IO Q6[N[ ;[C[ Xe|  

4[Qd C[I]N \GN"TB 4[KÁG I»ÔW (Ù4_` #4[U]N 6̂B #E[G 4OCd X¾| (α, ε > 0.90) 3O $\GT[NÁ eI Wd WL] $"CåOÈ 
åMUGD 4� \Q. (INh6 å4. 6. X¾| \GT[ÁC $TíD[ M» C[I]N \GN"TB 4[KÁG I»ÔW 4[ W"I_BÁ 2êNM[G X[\G (TML) 1% Wd 
ÑN[E[ .T" W"'åXC T[\íIT W"7G]N 2êN (CVCM) 0.1% Wd $\F4 XhGd Wd XhCd G^4W[G 4� 4[OB #4[U]N WM^gN M» 
$G^#Nh6 4M XhC[ Xe| \GM.G 4[Q[ \TQdIG 4[Qd I»ÔW 4� \Q. .4 %4VÁ4 \T4çI Xe ÊNDå4 50-60 M[&ChG 4ü 
ĈQG[M» 4�TQ 4W: M[&ChG (25-30µ) 4ü Mh>[' M» 4[Qd åJçM 4� #4[U]N 6̂BD Wd KdXCO 6̂B #E[G 4OCd X¾| Mh>[ 
\TQdIG \íDO #4[U]N 6̂B #[o 4OGd 4� \Q. å4N[ ;[C[ Xe| &W4ü T;X Wd (I'X M» #U"WG]N %N[M] IåOTCÁG 3O 
WM' T;G M» T̀\; XhC] Xe| \GM.G 4[Q[ \TQdIG .4 $4[KÁ\G4 eI["COB \TQdIG XhGd 4� 4[OB (g \íDOC[ O5C[ 
Xe| NX #\C\CN[ I[O"IåO4 .Gh@]4OB, ChMdå>"6 Wd L] WOQ Xe, 3O C[I]N \GN"TB I»ÔW 4� \Q. .4 $Ï:[ %F[O Xe| 
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3333.... #Nh6[ÙM4 #Nh6[ÙM4 #Nh6[ÙM4 #Nh6[ÙM4 ::::    
.çN^åM\GNM åMÅF[Ĉ 6061-T6 IO \GãM;G 4[Qd \TQdIG #\CN[ 4� 11 GM_Gd (%4[O 110 åMM] X 75 åMM] X 1 

åMM]) \GãG\Q\5C $G^CM 4� $G^W[O KG[Nd 6Nd: 

1. $ç>Ä[Wh\G4 (I4OB M» 5 åMG> $T\F 4� \Q. >Ä['}hOh.\DQ]G M» \TíGdXG (Degreasing) 
2. \GãG W"O9G[ M» %ç4Q[&G WJ[':  
10% Whå@NM X[&@ÄhÊW[&@ M» 2-3 åMG> 4� \Q.,  

CE (IO["C %W^C N[ %NG M̂F ;Q Wd 2 åMG> 4� \Q. W[v å4N[|  
3. \GãG W"O9G[ M» .\Wå@4 WJ[':  
10% G[&å>Ä4 .\W@ M» 2-3 åMG> 4� \Q.,  

CE (IO["C %W^C N[ %NG M̂F ;Q Wd 2 åMG> 4� \Q. W[v å4N[|  
4. C[\Q4[ 1 4� $G^W[O Wv�E .Gh@]4OB å4N[ 6N[|  
\TQNG CeN[O 4OGd 4� \Q. %W^C N[ %NG M̂F ;Q (INh6 å4N[ 6N[ Xe| WL] #Nh6U[Q[ $\L4MÁ4 'd@ 
OW[NGD 4[ (INh6 å4N[ 6N[| IO]ÈB GM_Gd 4h .Ghå@4 KG[N[ 6N[| \TQNG W"O9G[ C[\Q4[ 1 M» 
W[OB]K; Xe|  
 

WçàN_åO4 .\W@ 10 % V/V 

pH 1.2 - 1.5 

WMN $"CO[Q  60 åMG> 

4�Dh@ W]W[ (lead)  
4W"@ IE[DÁ (Bath material) Ih\Q#h\I\QG 
@].W]. F[O[ (DC Current) 14 V 

C[\Q4[ 1: .Gh@]4OB \TQNG 
5. Wv�E .Gh@]4_C GM_GD 4h \GãM;G 4[Q[ \TQdIG 4OGd 4� \Q. \GãG eI Wd #\CN[ 4ü 6'|  
6. \GãG W"O9G[ M» 15 åMG> 4� \Q. @^K[N[ 6N[:  
200 '[M/Q]>O 4hK[ç> .W]>d>,  

(W4� K[E %W^C N[ %NG M^F ;Q Wd 2 åMG> 4� \Q. W[v å4N[|  
7. \GãG W"O9G[ M» 15 åMG> 4� \Q. @^K[N[ 6N[:  
125 åMQ]/Q]>O $Mh\GNM WçJ[&@,  

(W4� K[E %W^C N[ %NG M^F ;Q Wd 2 åMG> 4� \Q. W[v å4N[|  
8. .Gh@]4_C GM_GD M» IeE[ �. O"�h4h K"F 4OGd 4� \Q. (Wd 100°C IO %W^C N[ %NG M^F ;Q M» 30 åMG> 

4� \Q. O5[ 6N[|  
 

4444.... M[IG C4G]4 M[IG C4G]4 M[IG C4G]4 M[IG C4G]4 ::::    
\TQdIG 4h IN[ÁTOB]N IO]ÈBD Wd IXQd 3O K[E M» Li\C4 åE5[T M» 4h' L] \GãG]4OB 4� \Q. 4 6̂G[ %TFÁG IO 
Ed5[ 6N[ Xe|  
4.14.14.14.1.WCX 4� %4[O]N $ÜNNG QdWO W_÷MEUÁ4 4� W[D å4. 6. X¾|  
4.2.4.2.4.2.4.2.\TQdIG 4[ W"È[OB #\COhFG Wfç> í#d >dí> 4È (W]..M.%'. (I4OB #[&Td> \QåM>d@)M» ASTM B117 M[G4 4� 
$G^W[O 336 7">d 4� \Q. W"È[O4 M[ÜNM 4� eI M» 5% W/V Whå@NM }hO[&@ \TQNG 4[ (INh6 4O4� å4N[ 6N[| 
Wfç> \TQNG 5% W/V Whå@NM }hO[&@ %W^C ;Q M» \TQ\NC 4O4� CeN[O å4N[ 6N[ Xe 3O (INh6 Wd IXQd åJç>O 
å4N[ 6N[| IO]ÈB GM_GD 4h %&Wh#hI[&Q %ç4hXhQ M» @^K[4O W^5[4O W[v å4N[ 6N[| IO]ÈB GM_GD 4h Wfç> 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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í#d 4È M» /Wd O5[ 6N[ Xe å4 WL] GM_GD IO Wfç> 4� F̂"F 4[ WM[G J�Q[T Xh| 4È 4[ C[IM[G 38 °C We> 4OGd 4� 
Ië9[Cj 4È K"E å4N[ 6N[ 3O K[E M» F̂"F Ûe å4N[ 6N[| \TQdIG 4h å4W] L] #4[O 4� \GãG]4OB 4� \Q. XO %? 
7">d 4� Ië9[Cj ;[!9 4ü 6'|  
4.3.4.3.4.3.4.3.%2ÁC[ IO]ÈB .4 C[I\GN"\TC %2ÁC[ 4È (XdOiW Thí9 >[&I) M» å4N[ 6N[| 4È M» W[IdÈ %2ÁC[ 50 °C C[IM[G 
IO (95% ± 0.5%) IO KG[. O5] 6'|  
4.4.4.4.4.4.4.4.C[I]N W[N4\Q"6 >dí> .4 C[I\GN"\TC 6OM 3O ?"@d 4È M» å4N[ 6N[ Xe|  
4.5.4.5.4.5.4.5.C[I \GT[ÁC IO]ÈB .4 C[I \GN"\TC (g \GT[ÁC 4È M» å4N[ 6N[ Xe|  
\GãM;G 4[Qd \TQdIG 4� GM_Gd C[\Q4[ 2 M» W[OB]K; \T\GE¼UD 4� $G^W[O IO]ÈB å4. 6. Xe :  

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 2: 2: 2: 2: C[I\GT[ÁC C[I\GT[ÁC C[I\GT[ÁC C[I\GT[ÁC IO]ÈBIO]ÈBIO]ÈBIO]ÈB    

4.6.4.6.4.6.4.6.    \TQdIG 4[ %W";G (Adhesion) >dI I]Q IO]ÈB O[O[ M_çN["4G å4N[ 6N[ Xe| IO]ÈB M» .4 Cd; F[O T[Q] áQd@ 
Wd GM_Gd IO 11 WM[G["CO Od5[." KG[Nù 6'"| WL] Od5[2" 4[ $"CO[Q Q6L6 2 åMM] Xe| E_WO] 11 WM[G["CO Od5[." 
KG[Nù 6'" ;h å4 IXQd T[Q] Od5[2" Wd 90° 4� 4hB IO X¾ 3O (Wd 4[> OX] X¾| IåOB[MíT�I 4 T6Á åMM] 4� 100 T6Á 
KGd| (W4� )IO 25-åMM] 9it[' 4ü M[\í4�6 >dI (peel strength 200 gm/cm) Q6[N] 6'| \;W4� )IO 2 å4Qh 
T;G T[Q[ OhQO Eh K[O 9Q[N[ 6N[| åJO ;çE] Wd >dI WCX Wd Q"KTCj åEU[ M» \5"9[ 6N[, 3O \TQdIG 4� å4W] L] 
#4[O 4� \GãG]4OB 4� \Q. ;[!9 4ü 6'|  
4.7. 4.7. 4.7. 4.7. )ìM[----#4[U]N 6̂BFMÁ ;eWd WiO $TUhVB["U 3O $TOF (ÙW;ÁG["U CMU: IO[TCÁGM[I] (Mf@Q SSR – ER), 
3O (ÙW;ÁGM[I] (Mf@Q RD1, å@T[&WdW 3O WdT[.! N_..W..) 4[ (INh6 4O4� M[I[ 6N[ Xe|  
4.8.4.8.4.8.4.8.    \TQdIG 4ü Mh>[' L!TOF[O[ (Eddy current) \W;["C IO %F[åOC Mh>[' M[IG (I4OB 4[ #Nh6 4O4� M[I] 6' 
Xe|  
5555.... åJçM \TÈdIB 4ü \CN[\TåJçM \TÈdIB 4ü \CN[\TåJçM \TÈdIB 4ü \CN[\TåJçM \TÈdIB 4ü \CN[\T\F \F \F \F : : : :     
\TQdIG .çN^åM\GNM åMÅF[Ĉ 4ü WCX 3O Eh W"Nh;4C[ T[Qd 0ÊW];G 4� K]9 .4 O[W[N\G4 #\C\CN[ O[O[ 
6å?C Xe| åMÅF[Ĉ 4[ WçàN_åO4 .\W@ Wd 0ÊW]4OB Xh ;[C[ Xe| M_QC: NX .4 \GN"\TC åO@ÊUG–0ÊW]4OB 
#\C\CN[ Xe, ;K åMÅF[Ĉ GM_G[ .Gh@]4OB \TQNG M» @̂K[N[ ;[C[ Xe, CK åMÅF[Ĉ 4ü WCX  4W: XE C4 \TQNG M» 
\TQ\NC XhC] Xe, 3O åMÅF[Ĉ GM_Gd/;fK (.Gh@) Wd 4�Dh@ 4ü COJ F[O[ U^e XhC] Xe| (W4� K[E (Wd 4hK[ç> .W]>d> 
3O $Mh\GNM WçJ[&@ M» @_K[4O IO \GM.G 4[Q[ \TQdIG å4N[ ;[C[ Xe| åJçM \GM[ÁB 4[ OW[NG U[� 
\GãG\Q\5C %4_\C 4� O[O[ #\C\G\FÙT å4N[ ;[ W4C[ Xe|  

 

\9T \9T \9T \9T 1111, , , , åJçM \GM[ÁB 4[ OW[NG U[�åJçM \GM[ÁB 4[ OW[NG U[�åJçM \GM[ÁB 4[ OW[NG U[�åJçM \GM[ÁB 4[ OW[NG U[�    

\GT[ÁC\GT[ÁC\GT[ÁC\GT[ÁC    C[IM[GC[IM[GC[IM[GC[IM[G/ / / / $T\F$T\F$T\F$T\F    9C W"ËN[9C W"ËN[9C W"ËN[9C W"ËN[    

10 -5>hO (torr) 
 

-40° Wd ± 3° Wd  24 7">d 7">d 4� \Q.  

.4 Xs[O 
+75° Wd ± 3° Wd 24 7">d 4� \Q. 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T \9T \9T \9T 2222, , , , W]Q 4OGd 4� IXQd 3O K[EMd K[E .Ghå@4 0ÊW[&@ 4[ $G#̂íD4[>W]Q 4OGd 4� IXQd 3O K[EMd K[E .Ghå@4 0ÊW[&@ 4[ $G#̂íD4[>W]Q 4OGd 4� IXQd 3O K[EMd K[E .Ghå@4 0ÊW[&@ 4[ $G#̂íD4[>W]Q 4OGd 4� IXQd 3O K[EMd K[E .Ghå@4 0ÊW[&@ 4[ $G#̂íD4[>    

    

6666.... IIIIåOB[M 3O 99[ÁåOB[M 3O 99[ÁåOB[M 3O 99[ÁåOB[M 3O 99[Á    
\TQdIG 4ü 6̂BTÇ[ 4� \Q. WL] GM_GD 4h 10 6̂G[ %TFÁG IO tëN $TQh4G å4N[ 6N[| \TQdIG 4[Qd O"6 4[, 
WCC, 3O åE5Gd M» I[(@O ÈdT Wd M̂F Xe|  

6666....1111.... WCX %4[åO4ü $ÜNNGWCX %4[åO4ü $ÜNNGWCX %4[åO4ü $ÜNNGWCX %4[åO4ü $ÜNNG    
WCX %4[åO4ü $ÜNNG QdWO W_÷MEUÁ4 Wd å4N[ 6N[| \TQdIG 4ü W"O9G[ V� 4hB]N \:2D 4� íT�I M» åE5C] Xe 
;h ;Q]N $çN^åMG[ Wd W]Q å4. 6. X¾|  

 

\9T \9T \9T \9T 3333, , , , \TQdIG 4� K[E W_÷ME\UÁ4ü :\T\TQdIG 4� K[E W_÷ME\UÁ4ü :\T\TQdIG 4� K[E W_÷ME\UÁ4ü :\T\TQdIG 4� K[E W_÷ME\UÁ4ü :\T 

6666....2222.... Wfç> í#d >dí>Wfç> í#d >dí>Wfç> í#d >dí>Wfç> í#d >dí>    

\Gì#L[T] Wfç> í#d >dí> 4� K[E \TQdIG 4[ ÜN[G Wd å4W] L] MQ]G]4OB 3O WCX IO W"È[OB FáKd 4� 6?G 4� \Q. 
4 6̂G[ %TFÁG Wd ;[!9 4ü 6' Xe| 4[Qd .Gh@]4OB 4h \íDO 4OGd 4� \Q. 336 7">d 4[ WMN Q6[| (ÙW;ÁG["U 3O WiO 
$TUhVB["4 4� M_çN M» G6ØN KEQ[T Xe| #4[U]N 6̂BFMÁ M» 4M] Wfç> í#d IO]ÈB 4� K[E I[. ;[Gd T[Qd Wv�E FáKD 
4ü T;X Wd Xh W4C] Xe| IO]ÈB Wd IXQd 3O K[E M» (ÙW;ÁG["U 3O WiO $TUhVB["4 4[ M[G C[\Q4[ 3 M» åE. 6. X¾|  
 

GM_G[ W"ËN[GM_G[ W"ËN[GM_G[ W"ËN[GM_G[ W"ËN[    
(ÙW;ÁG["U (ÙW;ÁG["U (ÙW;ÁG["U (ÙW;ÁG["U ε    

Wfç> í#d Wfç> í#d Wfç> í#d Wfç> í#d IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd4� IXQd4� IXQd4� IXQd    Wfç> í#d Wfç> í#d Wfç> í#d Wfç> í#d IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� K[E4� K[E4� K[E4� K[E    

5 0.92 0.91 

6 0.91 0.90 

7 0.92 0.91 

C[\Q4[C[\Q4[C[\Q4[C[\Q4[    3333: : : : Wfç> í#d Wfç> í#d Wfç> í#d Wfç> í#d IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd 3O K[E4� IXQd 3O K[E4� IXQd 3O K[E4� IXQd 3O K[E    M»M»M»M»    #4[U]N 6B̂D#4[U]N 6B̂D#4[U]N 6B̂D#4[U]N 6B̂D    M» \L>C[M» \L>C[M» \L>C[M» \L>C[    
    
    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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6666....3333.... %2ÁC[ %2ÁC[ %2ÁC[ %2ÁC[ IO]ÈBIO]ÈBIO]ÈBIO]ÈB    

%2ÁC[ IO]ÈB I_TÁ #Mh9G T[C[TOB M» \TQdIG 4� W"È[O4 #\COhF 4ü ;[!9 4OGd 4� \Q. å4N[ 6N[ Xe| .4 IO]ÈB 48 
7">d 4� \Q. C[I \GN"\TC %2ÁC[ 4È M» %Nh\;C å4N[ 6N[ Xe| 4È M» 95 ±± 0.5% W[IdÈ %2ÁC[ 4� W[D 50 ±± 1°ºC 
C[IM[G O5[ 6N[ Xe| IO]ÈB GM_GD 4[ tëN $TQh4G å4N[ 6N[ Xe, 3O (G4� #4[U]N 6̂BD 4h M[I[ 6N[| \TQdIG 

4� O"6 3O 6̂BC[ M» 4h' IåOTCÁG GX] Xe| IO]ÈB Wd IXQd 3O K[E M» (ÙW;ÁG["U 4[ M[G C[\Q4[ 4 M» W[OB]K; WO 
Xe|  

GM_G[ W"ËN[GM_G[ W"ËN[GM_G[ W"ËN[GM_G[ W"ËN[    
(ÙW;ÁG["U (ÙW;ÁG["U (ÙW;ÁG["U (ÙW;ÁG["U ε    

%2ÁC[ %2ÁC[ %2ÁC[ %2ÁC[ IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd 4� IXQd 4� IXQd 4� IXQd     %2ÁC[ %2ÁC[ %2ÁC[ %2ÁC[ IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� K[4� K[4� K[4� K[EEEE    

5 0.92 0.93 

6 0.91 0.90 

7 0.92 0.91 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 4444: : : : IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd 3O K[E4� IXQd 3O K[E4� IXQd 3O K[E4� IXQd 3O K[E    M»M»M»M»    \TQdIG 4� #4[U]N 6B̂D M» \L>C[\TQdIG 4� #4[U]N 6B̂D M» \L>C[\TQdIG 4� #4[U]N 6B̂D M» \L>C[\TQdIG 4� #4[U]N 6B̂D M» \L>C[    
 

6666....4444.... C[I 9CB C[I 9CB C[I 9CB C[I 9CB IO]ÈBIO]ÈBIO]ÈBIO]ÈB        
I`ÚT] 4ü 4È[ M» .4 (I'X ;K #ÙNÈ W_NÁ 4� #4[U 4� W[MGd XhC[ Xe, TX WCX 6MÁ Xh ;[C] Xe, 3O ;K (I'X I`ÚT] 
4ü :[N[ \TíC[O M» XhC[ Xe CK K�C 4M C[IM[G IO XhC[ Xe| .4 $"CåOÈN[G 4h ;]TG4[Q LO C[I 9CB 4[ W[MG[ 
4OG[ ItC[ Xe| $"CåOÈN[G 4� ;]TG4[Q M» %Gd T[Qd C[IM[G 9CB 4� #L[T 4[ M_çN["4G 4OGd 4� \Q. NX IO]ÈB 
4h å@s[&G å4N[ 6N[ Xe| NX IO]ÈB C[I \GN"\TC 6OM 3O ?"@d 4È M» å4N[ 6N[ Xe| 4WQ 1000 9CD 4[ IO]ÈB 
å4N[ 6N[ Xe| GM_GD 4h .4 4È M» -45°C Wd 4M C[IM[G M» 5 åMG> 4� \Q. O5[ 6N[, åJO 15 åMG> 4� T[W 4[Q M» 
O5[ 6N[| $K (ÝX» +80°C C[IM[G M» 5 åMG> 4� \Q. O5[ 6N[| C[I]N 9CB IO]ÈB 4� K[E GM_GD 4h å4W] L] 
\GãG]4OB 4� \Q. ;["9[ 6N[ 3O (G4� #4[U]N 6̂BD 4h M[I[ 6N[| IO]ÈB Wd IXQd 3O K[E M» (ÙW;ÁG["U 4� M[G 
C[\Q4[ 5 M» W[OB]K; Xe|  

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 5555----    C[I]N C[I]N C[I]N C[I]N 9CB9CB9CB9CB    IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd 3O K[E4� IXQd 3O K[E4� IXQd 3O K[E4� IXQd 3O K[E    M» M» M» M» \TQdIG 4� #4[U]N 6B̂D\TQdIG 4� #4[U]N 6B̂D\TQdIG 4� #4[U]N 6B̂D\TQdIG 4� #4[U]N 6B̂D    M» \L>C[M» \L>C[M» \L>C[M» \L>C[    

6666....5555.... C[I \GT[ÁC C[I \GT[ÁC C[I \GT[ÁC C[I \GT[ÁC IO]ÈBIO]ÈBIO]ÈBIO]ÈB    

GM_GD M» 4h' L] \GãG]4OB \TQdIG 4� IO]ÈB 4� K[E GX] Ed5[ 6N[ Xe| (ÙW;ÁG["4 íT]4[NÁ W]M[ 4� L]CO I[N[ 6N[ 
Xe| >dI I]Q %W";G IO]ÈB 4� K[E 4h' \TQdIG >dI 4� W[D KX[O GXù %N[ Xe|  

6666....6666.... >dI I]Q %W";G >dI I]Q %W";G >dI I]Q %W";G >dI I]Q %W";G IO]ÈBIO]ÈBIO]ÈBIO]ÈB    

%O\ãL4 %W";G IO]ÈB 4� EiO[G 4W: \TQdIG $ĜOd5 >dI 4� W[D KX[O %N[ Xe| 4h' /Wd $G^Od5 %2ÁC[ IO]ÈB, 

C[I]N 9CB IO]ÈB 3O C[I\GT[ÁC IO]ÈB 4� K[E GX] Ed5d 6. X¾|  

6666....7777.... (ÙW;ÁG["U 3O WiO $TUhVB["4(ÙW;ÁG["U 3O WiO $TUhVB["4(ÙW;ÁG["U 3O WiO $TUhVB["4(ÙW;ÁG["U 3O WiO $TUhVB["4    

WL] IO]ÈB 4� K[E GM_GD 4ü (ÙW;ÁG["U 3O WiO $TUhVB["4 4ü ;[!9 4ü 6' Xe, ;h å4 C[\Q4[ 7, 8, 9 M» W[OB]K; 
Xe|  

GM_G[ CMGM_G[ CMGM_G[ CMGM_G[ CM (ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U GM_G[ CMGM_G[ CMGM_G[ CMGM_G[ CM (ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U 

SideSideSideSide ––––    AAAA    SideSideSideSide    ––––    BBBB    SideSideSideSide ––––    AAAA    SideSideSideSide    ––––    BBBB    

1 0.91 0.9 6 0.92 0.91 

2 0.91 0.9 7 0.90 0.91 

GM_G[ W"GM_G[ W"GM_G[ W"GM_G[ W"ËN[ËN[ËN[ËN[    
(ÙW;ÁG["U (ÙW;ÁG["U (ÙW;ÁG["U (ÙW;ÁG["U ε    

C[I]N 9CB C[I]N 9CB C[I]N 9CB C[I]N 9CB IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd4� IXQd4� IXQd4� IXQd    C[I]N 9CB C[I]N 9CB C[I]N 9CB C[I]N 9CB IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� 4� 4� 4� Ië9[CjIë9[CjIë9[CjIë9[Cj    
5 0.92 0.91 

6 0.91 0.90 

7 0.90 0.89 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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3 0.91 0.9 8 0.92 0.91 

4 0.91 0.9 9 0.90 0.91 

5 0.89 0.9 10 0.91 0.90 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 7777: : : : IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd GM_GD 4ü (ÙW;ÁG["U 4� IXQd GM_GD 4ü (ÙW;ÁG["U 4� IXQd GM_GD 4ü (ÙW;ÁG["U 4� IXQd GM_GD 4ü (ÙW;ÁG["U     

 

GM_G[ CMGM_G[ CMGM_G[ CMGM_G[ CM (ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U GM_G[ CMGM_G[ CMGM_G[ CMGM_G[ CM (ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U(ÙW;ÁG["U 

SideSideSideSide ––––    AAAA    SideSideSideSide    ––––    BBBB    SideSideSideSide ––––    AAAA    SideSideSideSide    ––––    BBBB    

4 0.91 0.92 7 0.92 0.91 

5 0.90 0.90 8 0.90 0.91 

6 0.91 0.92 9 0.92 0.91 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 8888: : : : IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� K[E GM_GD 4ü (ÙW;ÁG["U 4� K[E GM_GD 4ü (ÙW;ÁG["U 4� K[E GM_GD 4ü (ÙW;ÁG["U 4� K[E GM_GD 4ü (ÙW;ÁG["U     

 

CO"6 Q"K['CO"6 Q"K['CO"6 Q"K['CO"6 Q"K['    ((((WaveWaveWaveWave    lengthlengthlengthlength) 
micronsmicronsmicronsmicrons → 

L1L1L1L1    ((((UV)UV)UV)UV) L2L2L2L2    ((((0.350.350.350.35----0.82)0.82)0.82)0.82) L3L3L3L3    ((((0.450.450.450.45----1.2)1.2)1.2)1.2) L4L4L4L4----    ((((0.760.760.760.76----2.5)2.5)2.5)2.5) 

GM_G[ CM 0.989 0.995 0.999 0.917 

1 0.987 0.995 0.999 0.929 

2 0.987 0.993 0.999 0.894 

3 0.988 0.994 0.999 0.896 

4 0.981 0.994 0.999 0.918 

5 0.99 0.995 0.999 0.919 

6 0.985 0.993 0.999 0.881 

7 0.985 0.993 0.999 0.899 

8 0.947 0.989 0.999 0.881 

9 0.986 0.994 0.999 0.921 

10 0.985 0.993 0.999 0.899 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 9999: : : : IO]ÈBIO]ÈBIO]ÈBIO]ÈB    4� IXQd GM_GD 4[4� IXQd GM_GD 4[4� IXQd GM_GD 4[4� IXQd GM_GD 4[    WiO $TUhVB["4WiO $TUhVB["4WiO $TUhVB["4WiO $TUhVB["4    

7777.... \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
1. .çN^åM\GNM åMÅF[Ĉ 6061-T6 IO \GM.G 4[Q[ \TQdIG I_TÁ íTÏ: 4ü 6' åMÅF[Ĉ 4� )IO å4N[ 6N[| 
\TQdIG 4� W"È[OB #\COhF4 ÈMC[ 3O C[I]N \íDOC[ 4ü ĈQG[ 4ü 6' Xe| %ç4Q[&G WJ[' 3O .Gh@]4OB 4[ 
#Nh6 4O4� $"CåOÈ (INh6D 4� \Q. \GM.G 4[Qd \TQdIG 4h &í>M]4_C å4N[ 6N[| NX \TQdIG W"4üBÁ :dED 4� 
$"EO (Ù4_` êN[\o #E[G 4OC[ Xe| $C# NX \TQdIG IN[Áo N["\T4 6̂BD, W"È[OB #\COhF 4� W[D K[� $"CåOÈ 4ü 
%TëN4C[ 4� \Q. íD[N] Xe|  
2. QdWO W_÷ME\UÁ4ü ;[!9 M» Ed5[ 6N[ Xe, å4 \TQdIG M» V� 4hB]N \:2 KGCd X¾ ;h ;Q]N $çN^åMG[ Wd W]Q å4. 
6. X¾|  
3. \TQdIG 4� W"È[OB #\COhF4 ÈMC[ 4ü Wfç> í#d C4G]4 4� O[O[ ;[!9 4ü 6' Xe| NX IO]ÈB åE5[C[ Xe å4 
\GM.G 4[Q[ \TQdIG F[Ĉ 4ü KdXCO eI Wd OÈ[ 4OC[ Xe|  
4. \TQdIG 4ü $"CåOÈ I[TC[ 4h %2ÁC[ IO]ÈB, C[I W[&å4Q 9CB IO]ÈB 3O #4[U]N 6̂B FMÁ 4� M_çN["4G 
O[O[ ;[!9 4ü 6' Xe| \TQdIG M» 4h' \GãG]4OB GX] Ed5[ 6N[ Xe|  
5. QdÝW 4� I[W ;X[! C[I]N I»ÔW 4[ #Nh6 (\9C GX] Xe, TX[! NX \TQdIG 4[ (INh6 WTD[Á (\9C Xe|  
 

8888.... W"ELÁ W"ELÁ W"ELÁ W"ELÁ     
1. .. %O. U\U4Q[, %O. (M[O[G], &W.M[äMG[s 3O ..4�. UM[Á, .çN^åM\GNM åMÅF[Ĉ IO O[W[N\G4 IåOTCÁG 

\TQdIG- ĈQG[ÙM4 $âN[W, &QdÊ>Äf4�åM4Q W[&ÝW, 3 (2008) 993 – 1004 

2. Environmentally friendly sol - gel-based anticorrosive coatings on aluminum alloy 2024 

Giancarlo Richard Salazar-BandaI, *; Katlin Ivon Barrios EguiluzI; Artur Jesus MotheoII; 

Sergio Antonio Spinola MachadoIII 
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3. Porous Layer Characterization of Anodized and Black-Anodized Aluminium by Electrochemical 

Studies - M. Franco, S. Anoop, R. Uma Rani, and A. K. Sharma 

4. SAC/SRA/QACMG/MQAD/TR/GEN/03/APRIL-2012  

5. ASTM B117 

6. Me�d\UNM åMÅF[Ĉ AZ31B IO 6eçTG] .Gh@]4OB, TeU[Q] (MO[B]N[, \TGhE \QMNd, $"CåOÈ (INh6 412, 

$XME[K[E, $"CO–412]N C4G]4ü W"6h�] 2014, &WOh (I'X 412, K»6Q_O 

7. KO[N[, 4�.4�., (I'X G]CL[O 4� C[I \GN"TB M» (ìM[ GQ] 4[ (INh6, C4G]4ü åX"E] WdåMG[O, $"CåOÈ (INh6 
412, $XME[K[E, ;GTO] 2004. 

 

9999.... FÝNT[EFÝNT[EFÝNT[EFÝNT[E    
XM O[;L[V[ 4[N[ÁÝTG WåM\C 4� $ÜNÈ .T" WL] WEíND 4� #\C $ÙN"C %L[O] X¾ \;ÝXDGd XM» NX Qd5 \Q5Gd 4[ 
$TWO #E[G å4N[| XM Å] CIG åMÅ[, \GEdU4 Wd4, Å] O[;4WM[O $Oh@[ (I-\GEdU4, '..W..W..., Å] åEQ]I %O. 
I>dQ, WM_X \GEdU4, '..G.>]..W.;]. 4� L] $ÙN"C %L[O] X¾ \;ÝXDGd XM» NX Qd5 \Q5Gd 4� \Q. #dåOC å4N[| XM 
.M.ÊN_....@]. \TL[6 4� L] %L[O] Xe, \;ÝXDGd NhÌNC[ IO]ÈB M» Nh6E[G #E[G å4N[   | .W.>].I].@]. \TL[6 M» 4[NÁOC 
Å] ;].4�. MdXO[, Å] O[7T O[T, Å] 9"24[ÝC Kh>[EO[, Å] L[TdU IOM[O 4� #\C %L[O êNF 4OCd X¾ \;ÝXDGd \TQdIG 
$G^#Nh6 4� EiO[G \TUdV Nh6E[G åEN[| XM TåO� åX"E] $\F4[O] CD[ åX"E] 4È 4� WL] WX4åMÁND 4� L] $ÙN"C 
%L[O] X¾ \;G4� WXNh6 Wd NX Qd5 W"I_BÁ Xh W4[ Xe|  

Qd54Qd54Qd54Qd54    IåO9NIåO9NIåO9NIåO9N    :::: 

TeU[Q] (MO[B]N[ Gd TVÁ 2010 M» 4�..W.4�.T]. 4Ï: N_\GT\WÁ>], L̂;, 6̂;O[C Wd OW[NG \TÉ[G M» 6hç@ 
Md@Q 4� W[D M[í>O å@'] #[o 4ü| 6TGÁM»> &";]\GNåO"6 MX[\Ta[QN M» $ÜN[I4 4� eI M» 4[NÁ å4N[ 
Xe| TVÁ 2011 M» $"CåOÈ (INh6 412, $XME[K[E M» WCX (I9[O .T" (ìM]N I»> W^\TF[ M» 4[NÁ %O"L 
å4N[| TCÁM[G M» NXù IO 4[NÁOC X¾|  

 

Å] \TGhE \QMNd Gd TVÁ 1983 M» .M..W.N^\GTd\WÁ>], TthEO[ Wd Me4�\G4Q &";]\GNåO"6 M» K].'. å@'] #[o 
4ü 3O TVÁ 1989 M» DMÁQ \TÉ[G M» .M.'. å@'] #[o 4ü| TVÁ 1986 M» $"CåOÈ (INh6 412, $XME[K[E 
M» '..G.>]..W.;]. WM_X M» 4[NÁ %O"L å4N[| TCÁM[G M» WCX (I9[O .T" )ìM]N I»å>"6 #L[6 M» #F[G 4� 
IE IO 4[NÁOC X¾|  

*** 
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$"CåOÈ \TÉ[G åMU$"CåOÈ \TÉ[G åMU$"CåOÈ \TÉ[G åMU$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6G .T" $G#̂Nh6G .T" $G#̂Nh6G .T" $G#̂Nh6    

(ìB4å>K"F]N 9CT[C 4� I_T[ÁGM̂[G M» (ìB4å>K"F]N 9CT[C 4� I_T[ÁGM̂[G M» (ìB4å>K"F]N 9CT[C 4� I_T[ÁGM̂[G M» (ìB4å>K"F]N 9CT[C 4� I_T[ÁGM̂[G M» (I'X]N (I'X]N (I'X]N (I'X]N %!4tD%!4tD%!4tD%!4tD    4ü L_åM4[4ü L_åM4[4ü L_åM4[4ü L_åM4[ 
G]e ;eWT[QG]e ;eWT[QG]e ;eWT[QG]e ;eWT[Q    

T[NM̂"@Q]N \TÉ[G \TL[6T[NM̂"@Q]N \TÉ[G \TL[6T[NM̂"@Q]N \TÉ[G \TL[6T[NM̂"@Q]N \TÉ[G \TL[6    

T[NM̂"@Q .T" T[NM̂"@Q .T" T[NM̂"@Q .T" T[NM̂"@Q .T" WM2̂WM2̂WM2̂WM2̂    \TÉ[G WM_X\TÉ[G WM_X\TÉ[G WM_X\TÉ[G WM_X    

$"CåOÈ$"CåOÈ$"CåOÈ$"CåOÈ    (INh6 (INh6 (INh6 (INh6 412412412412    

$XME[K[E$XME[K[E$XME[K[E$XME[K[E    

W[O["UW[O["UW[O["UW[O["U 

(ìB4å>K"F]N 9CT[C, .4 /W] #[4_\C4 %IE[ Xe, \;W4� 4[OB ;]TG CD[ W"IE[ EhGD 4ü \TU[Q X[\G XhC] Xe| NåE 
&G 9CT[CD 4ü (ÙI\Ç, ID, CD[ #KQC[/C]nC[ 4[ I_T[ÁG^M[G Q6[ \QN[ ;[., Ch ;]TG 4ü X[\G 4h K9[N[ ;[ 
W4C[ Xe, CD[ %IE[ 4� WMN W^OÈ[ 4ü t\` Wd (\9C #K"F å4. ;[ W4Cd X¾| (ìB4å>K"F]N 9CT[C 4[ I_T[ÁG^M[G 
\T\L> ÈdTD M» ;eWd INÁ>G, MÙíN I[QG, %T[6MG, &ÙN[åE M» $ÙN"C MXÙTI_BÁ Xe| (ìB4å>K"F]N 9CT[C 4� I_T[ÁG^M[G 
M» (I'X Wd #[o %!4tD 4[ \TUdV Nh6E[G Xe| &G %!4tD O[O[ 9CT[C 4ü T[íC\T4 WMN M» \G6O[G] CD[ I_T[ÁG^M[G 
M» #Nh6 å4N[ ;[C[ Xe| L[OC]N CD[ \TEdU] (I'XD Wd #[o %!4tD 4� %F[O IO T[íC\T4 WMN M» 9CT[C 4[ 
I_T[ÁG^M[G CD[ (W4ü W"O9G[ 4[ $ÜNNG å4N[ ;[C[ Xe| L[OC]N (I'X 4çIG[, &ÝWe>-3@], 2UGWe>, Md7[>Äf\I4, 

&ÙN[åE 4� %!4tD 4[ (ÇO]åX"E MX[W[6O M» (ÙI> (ìB4å>K"F]N 9CT[C 4� I_T[ÁG^M[G M» \TUdV MXÙT Xe| (IN^ÁF 
(I'XD 4� %!4tD 4� %F[O IO (ìB4å>K"F]N 9CT[C 4ü (ÙI\Ç 4� I_T[ÁG^M[G XdĈ “WCX ITG %F[åOC 4QG\T\F 
(.ç6håOÚM)” CD[ ID 4� I_T[ÁG^M[G XdĈ “Qd6OdÝ;]NG .ÖTdÊUG Mf@Q” 4[ \GM[ÁB å4N[ 6N[ \;W4[ \TTOB &W Qd5 
M» #íĈC å4N[ 6N[ Xe| T[íC\T4 WMN M» 9CT[C I_T[ÁG^M[G XdĈ &G 4QG\T\FND 4[ #Nh6 å4N[ ;[C[ Xe, CD[ #[o 
L\TìNT[\BND 4h We4 TdK IåOWdT4 í4h\IÁNh 4� M[ÜNM Wd #W[åOC å4N[ ;[C[ Xe| (IN^ÁF 4QG\T\FND IO %F[åOC 
(ìB4å>K"F]N 9CT[C �E�E 4ü T[íC\T4 WMN M» #W[åOC L\TìNT[\BND 4[ \TTOB &W Qd5 M» #íĈC å4N[ 6N[ Xe|  

9CT[C �E�E 4� (ÙI\Ç 4ü L\TìNT[B] WCX ITG %F[åOC 4QG\T\F O[O[ (W4� 9CT[C KGGd Wd Eh åEG I_TÁ 4O 
Q] 6. D]| T[íC\T4 WMN M» &W4� ID 4ü L\TìNT[B] Qd6OdÝ;]NG .ÖTdÊUG Mf@Q O[O[ 4ü 6. \;WM» 24 7">d I_TÁ 
4ü L\TìNT[B] L[OC]N MiWM \TL[6 4ü $IdÈ[ 48 å4M] 4ü T̂å> D]| L[OC]N Wd>dQ['> &ÝWe> 3-@] O[O[ #[o #\C\KKD 
4[ #Nh6 9CT[C 4� W"O9G[ 4� $ÜNNG CD[ 9CT[C 4ü \íD\C 4ü W>]4 ;[G4[O] XdĈ å4N[ 6N[|  

 W_94 UáEW_94 UáEW_94 UáEW_94 UáE: : : : (ìB4å>K"F]N 9CT[C, (I'X]N %!4td, 9CT[C �E�E, I_T[ÁG^M[G    

 

1111....    #íC[TG[#íC[TG[#íC[TG[#íC[TG[    
(ìB4å>K"F]N 9CT[C, WM̂2 M» (ÙI> \GãG T[N^M"@Q]N E[K 4� ÈdT XhCd X¾, ;h $ÙN"C C]n 6\C 4ü T[N^, L[O] TV[Á, 
)"9] WM̂2] QXO» (ÙI> 4OCd X¾| &G4ü (ÙI\Ç 6MÁ WM̂2 M» (C[IM[G > 26.5 0 Wd\çWNW) M» XhC] Xe, CD[ T[N^M"@Q M» Nd 
1-12 å4M] C4 )!9d XhCd X¾| WM^2 4� \G4>TCú ÈdT &G 9CT[CD 4� 4[OB (ÙI> IåO\íC\DND Wd WT[Á\F4 #L[\TC XhCd 
X¾| L[OC 4� WM^2 C>]N O[ÑN ;eWd (t]W[, %Ý� #EdU, \KX[O, I\ë9M K"6[Q, $Gd4D /Wd ;]TG G[U4 9CT[CD 4[ 
W[MG[ 4OCd % OXd X¾| 3WCG 4-5 9CT[C #\C TVÁ (ÇO]åX"E MX[W[6O M» (ÙI> XhCd X¾, CD[ L[OC 4� WM^2 C>]N 
O[ÑND M» ;G;]TG 4h L[O] X[\G I�9[Cd X¾ (u["4, 1971)| L[OCTVÁ M» 9CT[C 4[ %\DÁ4 W[M[\;4 #L[T $ÙN"C 
MXÙTI_BÁ Xe| 9CT[C 4ü T;X Wd M̀ÙN^ EO 4� %F[O IO, L[OC \TëT 4[ WKWd $\F4 9CT[C #L[\TC EdU Xe| Na\I &W 
ÈdT M» IeE[ XhGd T[Qd 9CT[C $ÝN ÈdTD M» (ÙI> 9CT[CD Wd C]nC[ M» 4M;hO CD[ %4[O M» :h>d XhCd X¾ IO"Ĉ &GWd XhGd 
T[Q] M`ÙN^EO &W ÈdT M» $\F4 Xe| \TëT 4� 9 WT[Á\F4 G^4W[G I�!9[Gd T[Qd 9CT[CD M» Wd 7 M[MQd &W ÈdT M» X] (ÙI> 
�. X¾| &W4[ 4[OB L[OC M» WM^2 C>]N ÈdTD M» $IdÈ[4_C $\F4 W7G CD[ 6O]K ;GW!ËN[, \G9Q] íDQ[4_\C, CD[ 
C>]N \TÝN[W Xe|  
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NåE &G 9CT[CD 4ü (ÙI\Ç, ID, CD[ #KQC[ 4[ I_T[ÁG^M[G Q6[ \QN[ ;[. Ch ;]TG 4ü X[\G 4h K9[N[ ;[ W4C[ Xe 
CD[ %IE[ 4� WMN W^OÈ[ 4ü t\` Wd (\9C #K"F å4. ;[ W4Cd X¾|  

%F̂\G4 W"6B4 W^\TF[2", \T4\WC MiWM I_T[ÁG^M[G Mf@Q CD[ W^E_O W"TdEG]N (I'X]N %!4tD 4� (IQáFC[ 4� 
IåOB[MíTeI, \I:Qd Eh EU4D M» &G MiWM]N #[4_\C4 %IE[2" 4� I_T[ÁG^M[G M» TeÉ[\G4D 4h K�C WJQC[ #[o �' 
Xe (\Q( &Cj %Q., 1995; T["6 &Cj %Q., 2008)| L[OC]N CD[ \TEdU] (I'XD O[O[ #[o %!4tD 4[ #Nh6 MiWM 
I_T[ÁG^M[G Mf@Q M» å4N[ ;[C[ Xe, IåOB[MC# $ÙN"C IåOì4_C JQ #[o Xh OXd X¾| (ìB4å>K"F]N 9CT[C 4ü L\TìNT[B] 
XdĈ XO]4�G TdEO åOW9Á (.9 @áQ_ %O .J) Mf@Q 4h .GWdI M» \T4\WC å4N[ 6N[ Xe|  

$"CåOÈ (INh6 412 M» T[íC\T4 WMN M» 9CT[C 4� I_T[ÁG^M[G 4[ 4[NÁ (I'X]N %!4tD IO %F[åOC \T4\WC 
4QG\T\F 4� M[ÜNM Wd å4N[ 6N[| #íĈC Qd5 M» 9CT[C �E�E 4� T[íC\T4 WMN M» I_T[ÁG^M[G 4[ (�d5 å4N[ 6N[ 
Xe|  

 1111....1111    9C9C9C9CT[C �E�ET[C �E�ET[C �E�ET[C �E�E:::: 8 $F�KO, 2014 4h E\ÈB K"6[Q 4ü 5[t] M» 9CT[C �E�E 4[ ;ÝM �% ;h (ÇO I\ë9M åEU[ M» 
Ku[ CD[ $\C #KQ 9CT[C (#KQC[ 230 å4M]/7">[) 4� eI M» IåOT\CÁC �%| 12 $F�KO 2014 4h %Ý� #EdU O[ÑN 
4� \TU[5[I�GM \;Qd 4� \G4> &W4[ íDQ-ICG �%| 9CT[C �E�E 4ü (ÙI\Ç, ID CD[ #KQC[ 4[ I_T[ÁG^M[G We4 
M» \T4\WC 4QG\T\FND O[O[ (I'X]N %!4tD 4ü WX[NC[ Wd å4N[ 6N[ \;W4[ W"\Èo \TTOB $6Qd $"U M» #íĈC 
Xe|  

2222. . . . #NF̂ #NF̂ #NF̂ #NF̂ %!4td%!4td%!4td%!4td    
#íĈC 4[NÁ M» L[OC]N CD[ \TEdU] (I'XD 4� %!4tD 4[ #Nh6 å4N[ 6N[ Xe| 9CT[C 4ü (ÙI\Ç 4ü L\TìNT[B] XdĈ 
å�4í4�>, 2UGWe>-2, \T"@We>, CD[ Od\I@í4�> (I'XD 4� %!4tD 4[ #Nh6 å4N[ 6N[| 4QG\T\F 4� \T4[W XdĈ 
å�4í4�> (I'X O[O[ #[o TVÁ 2000-2010 M» \GåMÁC 9CT[C 4� \GM[ÁB Wd I_TÁ 4ü \GãG E[K ÈdT IO WCX ITG WåEU 
4� %!4tD 4[ #Nh6 å4N[ 6N[ Xe| 2UGWd>-2 4� TVÁ 2010-2013 4� %!4tD 4[ #Nh6 4QG\T\F 4� T[íC\T4 WMN 
4� I_T[ÁG^M[G 4ü WÙNC[ XdĈ å4N[ 6N[| Od\I@í4�> (I'XD 4� %!4tD 4[ #Nh6 9CT[C �E�E 4ü (ÙI\Ç 4ü 
L\TìNT[B] XdĈ å4N[ 6N[|  

(I'X &ÝWe>-3 @] 4� %!4tD 4[ #Nh6 9CT[C 4ü IåOU^; \íD\C É[C 4OGd M» CD[ 9CT[C 4ü W"O9G[ 4� $ÜNNG M» 
å4N[ 6N[| 00 ;].M>] IO 8-12 $F�KO 2015 4h ;\GC 96 7">d 4� ;].J.W L\TìNT[\BND (C[IM[G CD[ ITG) 4[ 
#Nh6 9CT[C 4� ID 4� I_T[ÁG^M[G M» å4N[ 6N[|  
 

3333....    4[NÁ #\CN[4[NÁ #\CN[4[NÁ #\CN[4[NÁ #\CN[    
#íĈC 5"@ M» 4QG\T\F 4� \GM[ÁB XdC^ 
#N^F 4[NÁI\;\C 4[ W"\Èo \TTOB åEN[ 
6N[ Xe|     

3333....1111        9CT[C (ÙI\Ç 4[ I_T[ÁGM̂[G9CT[C (ÙI\Ç 4[ I_T[ÁGM̂[G9CT[C (ÙI\Ç 4[ I_T[ÁGM̂[G9CT[C (ÙI\Ç 4[ I_T[ÁGM̂[G    
((((W[&}h;dGd\WWW[&}h;dGd\WWW[&}h;dGd\WWW[&}h;dGd\WW))))    
9CT[C (ÙI\Ç 4[ I_T[ÁG^M[G (I'X O[O[ 
Q6[C[O #d\VC (ìM]N CO"6 %!4tD 4� 
M[ÜNM Wd å4N[ ;[C[ Xe \;GM» K[EQD 4� 
<^Ø@ %IW M» ;^tCd #C]C XhCd X¾ CD[ .4 
412 4� 9[OD 2O IåOCM[ 4OCd �. W"7å>C 
XhCd X¾ (\9T 1)| Q6[C[O #[o (I'X]N \9TD 4[ %4QG 4O4� &W #\CN[ 4[ $ÜNNG å4N[ ;[C[ Xe CD[ 9CT[C 4ü 
(ÙI\Ç 4[ I_T[ÁG^M[G å4N[ ;[C[ Xe|  

    

 

\9T \9T \9T \9T 1111: : : : 9CT[C KGGd Wd I_TÁ W["7å>C XhC[ �% K[EQD 4[ <Ø̂@ 9CT[C KGGd Wd I_TÁ W["7å>C XhC[ �% K[EQD 4[ <Ø̂@ 9CT[C KGGd Wd I_TÁ W["7å>C XhC[ �% K[EQD 4[ <Ø̂@ 9CT[C KGGd Wd I_TÁ W["7å>C XhC[ �% K[EQD 4[ <Ø̂@  
(&ÝWe> 3––––@] (I'X #\C\KãK)    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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WM^2 4� )IO \G4> WCX ITG 4� %4t» (I'X M» N^F í4�ThM]>O NÝT 4� M[ÜNM Wd #[o XhCd X¾| NX %4@d 9CT[C 
4ü (ÙI\Ç 4� I_T[ÁG^M[G M» $ÙN"C WX[N4 XhCd X¾| XMGd í4�ThM]>O %!4tD 4� %F[O IO /Wd $ç6håODM 4[ \GM[ÁB 
å4N[ \;WM» L_C4[Q M» \GãG T[N^ E[K ÈdT 4� )IO ITG WåEU %!4tD 4[ W[ãN TÇÁM[G 4[Q 4� \G4> Ì� ITG 4� 
%4t» 4� W[D å4N[ ;[C[ Xe (;eWT[Q CD[ å4ëÙT[Q, 2011; ;eWT[Q &Cj %Q, 2012)| NåE NX WM[GC[ .4 EdXQ] 
(0.6) Wd $\F4 Xhती Xe Ch 9CT[C 4� KGGd 4ü 9dC[TG] E] ;[C] Xe|  

3333....2222        9CT[C ID 4[ I_T[ÁGM̂[G9CT[C ID 4[ I_T[ÁGM̂[G9CT[C ID 4[ I_T[ÁGM̂[G9CT[C ID 4[ I_T[ÁGM̂[G    

9CT[C 4� ID 4ü L\TìNT[B] .4 ;å>Q #\CN[ Xe \;WM» 9CT[C 4� IåOTdU 4� ITG ÈdT, ÌÚT] 4ü Th>Á\W>], CD[ 
9CT[C 4� L]CO XT[ 4� IåOW"9OB 4ü I[OíIåO4 \CN[ \GåXC Xe (Xh�¾@, 1982; I[Q, 1991;I[Q &Cj %Q, 1989)| 
We4 M» \T4\WC “Qd6OdÝ;]NG .ÖTdÊUG Mf@Q” 4[ \W;["C L] &W IO %F[åOC Xe| &W4� 4QG\T\F M» (IN^ÁF W[O] 
#\CN[2" 4[ WM[TdU å4N[ 6N[ Xe| 9CT[C 4� IåOTdU 4� ITG Wd L]CO 4ü XT[ 4� IåOW"9OB 4h X>[ 4O4� IåOB[MC# 
W"9[Q4 (í>]åO"6) ITG #T[X 4[ %4QG å4N[ ;[C[ Xe (\W"X &Cj %Q, 2012 ($); \W"X &Cj %Q, 2012 (K))| 9CT[C 
4ü 6\C CD[ ;].J.W 4ü L\TìNT[\BND Wd W"9[Q4 ITG #T[X O[O[ #ÙNd4 6 7">d M» 9CT[C 4� \íD\C 4[ %4QG 
&W 4QG\T\F M» å4N[ 6N[ Xe|  
 

3333....3333        9CT[C 4ü W"O9G[ 4[ \TëQdVB9CT[C 4ü W"O9G[ 4[ \TëQdVB9CT[C 4ü W"O9G[ 4[ \TëQdVB9CT[C 4ü W"O9G[ 4[ \TëQdVB    

9CT[C 4ü W"O9G[ 4� \TëQdVB XdĈ &ÝWe>-3 @] (I'X 4� %!4td $ÙN"C (INh6] Xe| &W4ü WX[NC[ Wd 9CT[C 4� 
MXÙTI_BÁ W"O9G[ÙM4 #[9Q ;eWd 9CT[C 4ü %!5 (%') CD[ %!5 4ü E]T[O (%' T[Q) 4[ %4[O, $\F4CM XT[ 
4ü \TÑN[ (%O MdÊW) 4[ %4QG å4N[ ;[C[ Xe| (IN^ÁF #[9Q 9CT[C 4ü #KQC[ 4� %4QG M» $ÙN"C MXÙTI_BÁ Xe| 
9CT[C O[O[ (ÙI> CO"6D å4 )!9[' É[C 4OGd M» L] &W4[ #Nh6 å4N[ ;[C[ Xe|  
 

  

\9T\9T\9T\9T        2222::::    Od\I@í4�>Od\I@í4�>Od\I@í4�>Od\I@í4�>    ((((K[.K[.K[.K[.) ) ) ) CD[ \T"@CD[ \T"@CD[ \T"@CD[ \T"@We>We>We>We>    ((((E[NdE[NdE[NdE[Nd) ) ) ) \G4> WCX ITG\G4> WCX ITG\G4> WCX ITG\G4> WCX ITG    O[O[ O[O[ O[O[ O[O[ 9CT[C 4ü (ÙI\Ç 4[ I_T[ÁGM̂[G9CT[C 4ü (ÙI\Ç 4[ I_T[ÁGM̂[G9CT[C 4ü (ÙI\Ç 4[ I_T[ÁGM̂[G9CT[C 4ü (ÙI\Ç 4[ I_T[ÁGM̂[G    ((((6 6 6 6 $F�KO$F�KO$F�KO$F�KO, , , , 2014201420142014))))    

 4444....    IåOB[MIåOB[MIåOB[MIåOB[M    

9CT[C �E�E 4ü (ÙI\Ç 4ü L\TìNT[B], &W4� 9CT[C eI F[OB 4OGd Wd Eh åEG I_TÁ Od\I@í4�> CD[ \T"@We> (I'X 
4� %!4tD O[O[ 6 $F�KO O[O[ #[o Xh 6' (\9T 2)| &W åEG, 6 $F�KO 13 ;],M>], 4h WM̂2 4� )IO \GãG E[K 4� 
L]CO WCX 4ü XT[ 4[ 7̂M[T \G\ë9C EXQ]; Wd $\F4 (0.8) I[N[ 6N[| \;W4� %F[O IO \GãG E[K 4� 9CT[C M» 
IåOTCÁG 4ü L\TìNT[B] 4� 6'| NX L\TìNT[B] í4h\IÁNh TdK WX[N4 O[O[ #d\VC 4ü 6'|     

9CT[C 4� ID 4[ I_T[ÁG^M[G Qd6OdÝ;]NG .ÖTdÊUG Mf@Q O[O[ $\L4\QC å4N[ 6N[ \;WM» 9CT[C 4� #[O\ãL4 
\íD\C 4[ %4QG ;h&"> >[NJ�G T[\GÂ6 W»>O (;d>]@áQ_W]) O[O[ åE. 6. %4tD Wd å4N[ 6N[ CD[ ;].J.W 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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L\TìNT[B] 4[ #Nh6 å4N[ 6N[| 9CT[C KGGd 4� Ië9[Cj CD[ (W4� íDQ C4 %Gd C4 $D[ÁCj 8 $F�KO Wd 12 
$F�KO C4 #ÙNd4 åEG 9CT[C 4� ID 4ü L\TìNT[B] 4ü 6ई \;Wd \9T-3 M» #íĈC å4N[ 6N[ Xe| ;d>]@áQ_W] 4� 
INÁTd\ÈC (2áWTÁ@) ID 4h L] \9T M» #íĈC å4N[ 6N[ Xe| \9T Wd íI` Xe å4 Mf@Q O[O[ I_T[ÁG^M[\GC 9CT[C 4� ID 
;d>]@áQ_W] 4� INÁTd\ÈC 4� K�C \G4> X¾|  

 

#ÙNd4 
L\TìNT[B] 4ü 
T̂å> 4[ L] 
%4QG 
;d>]@áQ_W] 4� 
INÁTd\ÈC ID 4ü 
ĈQG[ M» å4N[ 
6N[ CD[ IåOB[M 
4h W[OB]-1 M» 
#íĈC å4N[ 6N[ 
Xe| W[OB] O[O[ 
\TåEC Xe å4 24 
7">d I_TÁ E] 6' 
L\TìNT[B] M» 
íDQ\6O[T> E_O] 
CD[ WMN M» 
CMU# 48 å4M] 
CD[ 5 7">d 4ü 
T̂å> I[' 6'|  

\9T \9T \9T \9T 3333: : : : 9CT[C �E�E 4� ID 4ü L\TìNT[B]9CT[C �E�E 4� ID 4ü L\TìNT[B]9CT[C �E�E 4� ID 4ü L\TìNT[B]9CT[C �E�E 4� ID 4ü L\TìNT[B]    ((((9999----12 12 12 12 $F�KO$F�KO$F�KO$F�KO, , , , 2014201420142014))))    

&ÝWe> 3–@] #ÙNd4 %Fd 7">d M» 9CT[C 4[ #\C\KãK #E[G 4OC[ Xe| &ÝWe> 3–@] O[O[ #[o 9CT[C 4� #ÙNd4 #\C\KãK 
4[ \TëQdVB å4N[ 6N[| (E[XOBC# \9T 4 M» 9CT[C 4[ .4 \9T #íĈC å4N[ 6N[ Xe \;WM» 9CT[C 4ü W"O9G[ 4h 
$ÙN"C íI`C[ I_TÁ4 Ed5[ ;[ W4C[ Xe| NX #\C\KãK 9CT[C 4ü #KQC[ 4� %4QG M» $ÙN"C WX[N4 Xe|  

W[OB] 1: Qd6OdÝ;]NG .ÖTdÊUG Mf@Q O[O[ I_T[ÁG^M[\GC ID M» T̂å> (å4M]) 

I_T[ÁG^M[GI_T[ÁG^M[GI_T[ÁG^M[GI_T[ÁG^M[G    #[O\ãL4#[O\ãL4#[O\ãL4#[O\ãL4    
WMNWMNWMNWMN    I_T[ÁGM̂[GI_T[ÁGM̂[GI_T[ÁGM̂[GI_T[ÁGM̂[G    7">[7">[7">[7">[    

09 09 09 09 $F�KO$F�KO$F�KO$F�KO        

00000000    ;].M>];].M>];].M>];].M>]    
10 10 10 10 $F�KO$F�KO$F�KO$F�KO    

00000000    ;].M>];].M>];].M>];].M>]    
10 10 10 10 $F�KO$F�KO$F�KO$F�KO        

06060606    ;].M>];].M>];].M>];].M>]    
11 11 11 11 $F�KO$F�KO$F�KO$F�KO    

00000000    ;].M>];].M>];].M>];].M>]    
11 11 11 11 $F�KO$F�KO$F�KO$F�KO    

06060606    ;].M>];].M>];].M>];].M>]    
12 12 12 12 $F�KO$F�KO$F�KO$F�KO    

00000000    ;].M>];].M>];].M>];].M>]    

12121212    49.83 29.28 74.97 65.17 40.95 72.3172.3172.3172.31    

24242424    70.05 65.01 96.21 73.51 97.67  

36363636    144.19 90.31 104.31 101.81   

48484848    246.92 65.92 126.28    

72727272    247.96      

Q¾@ J[Q Q¾@ J[Q Q¾@ J[Q Q¾@ J[Q T̂å>T̂å>T̂å>T̂å>    
252252252252    å4å4å4å4M]M]M]M]    
    ((((+5 +5 +5 +5 7">d7">d7">d7">d))))    

93 93 93 93 å4å4å4å4M]M]M]M]    
    ((((+5 +5 +5 +5 7">d7">d7">d7">d))))    

120 120 120 120 å4å4å4å4M]M]M]M]    
    ((((+1 +1 +1 +1 7">d7">d7">d7">d))))    

92 92 92 92 å4å4å4å4M]M]M]M]    
    ((((+1 +1 +1 +1 7">d7">d7">d7">d))))    

83838383    å4å4å4å4M]M]M]M]    
    ((((+1 +1 +1 +1 7">d7">d7">d7">d))))    

48 48 48 48 å4å4å4å4M]M]M]M]    
    ((((++++5555    7">d7">d7">d7">d))))    
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\9T \9T \9T \9T 4444: : : : &ÝWe>&ÝWe>&ÝWe>&ÝWe>----@] 4ü .G.9W] .ÝX["í@@] 4ü .G.9W] .ÝX["í@@] 4ü .G.9W] .ÝX["í@@] 4ü .G.9W] .ÝX["í@    ((((K[.K[.K[.K[.) ) ) ) CD[ K]@] .ÝX["í@ #\C\KãKCD[ K]@] .ÝX["í@ #\C\KãKCD[ K]@] .ÝX["í@ #\C\KãKCD[ K]@] .ÝX["í@ #\C\KãK    ((((    0000222200000000    ;].M>] ;].M>] ;].M>] ;].M>] 11111111    $F�KO$F�KO$F�KO$F�KO, , , , 2222000011114444))))    

 

\9T\9T\9T\9T----5555    9CT[C WãK"\FC L\TìNT[\BND 4h #d\VC 4OGd XdC ̂KG[N[ 6N[ TdK IåOWd9CT[C WãK"\FC L\TìNT[\BND 4h #d\VC 4OGd XdC ̂KG[N[ 6N[ TdK IåOWd9CT[C WãK"\FC L\TìNT[\BND 4h #d\VC 4OGd XdC ̂KG[N[ 6N[ TdK IåOWd9CT[C WãK"\FC L\TìNT[\BND 4h #d\VC 4OGd XdC ̂KG[N[ 6N[ TdK IåOWdT4T4T4T4    ((((í4h\IÁNhí4h\IÁNhí4h\IÁNhí4h\IÁNh))))    

We4 TdK IåOWdT4 (WTÁO) í4h\IÁNh 4� M[ÜNM Wd 9CT[C Wd WãK"\FC WMíC L\TìNT[\BND 4h T[íC\T4 WMN M» #d\VC 
å4N[ ;[C[ Xe| NX WL] L\TìNT[\BN[! 'MdQ O[O[ L] WãK"\FC êN\FND C4 I�!9[' ;[C] X¾| Wd>dQ[&> @d>[ O[O[ $\;ÁC 
WMíC 9CT[C WãK"\FC ;[G4[åOND 4h í4h\IÁNh IO @[Q[ ;[C[ Xe (\9T -5)|  

5555....        \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
#íĈC Qd5 M» (ìB4å>K"F]N 9CT[C 4� I_T[ÁG^M[G XdĈ \T4\WC 4ü 6' 4QG\T\FND 4[ (�d5 å4N[ 6N[ Xe| 9CT[C 
4� WM̂2 M» IeE[ XhGd 4� L\TìNT[B], 9CT[C 4� $'[\WC ID 4ü L\TìNT[B] CD[ (W4� íDQ C4 I�!9Gd 4� íD[G CD[ 
WMN 4ü L\TìNT[B] 4ü W"I_BÁ #\CN[ 4ü 99[Á &W Qd5 M» 4ü 6' Xe| 9CT[C �E�E 4[ M[MQ[ Qd4O 9CT[C 4� 
I_T[ÁG^M[G 4ü W[O] #\CN[ 4h EU[ÁN[ 6N[ Xe| T[íC\T4 WMN M» ;\GC 9CT[C �E�E 4ü W[O] L\TìNT[\BND IO 
\T9[O \TMUÁ å4N[ 6N[ Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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NX I[N[ 6N[ å4 \T4\WC 4QG\T\FND O[O[ $ÙN"C W>]4 L\TìNT[\BN[! I[' 6'| 9CT[C �E�E 4� IeE[ XhGd Wd 2 
åEG I_TÁ X] (W4� (ÙI> XhGd 4[ I_T[ÁG^M[G Ed åEN[ 6N[ D[| 9CT[C 4� ID 4[ I_T[ÁG^M[G, T[íC\T4 ID 4� बहुC \G4> 
I[N[ 6N[| 24 7">d I_TÁ 4ü 9CT[C 4� íDQ Wd >4O[Gd 4ü L\TìNT[B] M» 4�TQ 48 å4M] 4ü T̂å> I[' 6. CD[ WMN M» 5 
7">d 4[ \TQãK I[N[ 6N[|  

#íĈC Qd5 M» L[OC]N (I'X &ÝWe> 3-@] O[O[ #[o #\C\KãKD 4ü WX[NC[ Wd 9CT[C 4ü W"O9G[ 4� \TëQdVB CD[ 
$ÜNNG M» (INh\6C[ 4h EU[ÁN[ 6N[ Xe| &G #\C\KãKD Wd 9CT[C 4ü \GO"CO \G6O[G] O5] ;[C] Xe CD[ 9CT[C 4ü 
WCX IO W>]4 \íD\C 4[ IC[ 9QC[ Xe| NX #\C\KãK 9CT[C 4ü C]nC[ 4ü ;[G4[O] 4� \Q. L] (IN^F å4. ;[Cd X¾|  

L\TìN M» 3O L] $\F4 W>]4 L\TìNT[B] XdĈ $\F4 \GI^B #\CN[ 4ü %TëN4C[ Xe| /Wd (I'X 4� %TëN4C[ Xe 
;h T[N^M"@Q 4ü (ÜTÁ W"O9G[ 4[ I_BÁ \TTOB (ITG WåEU, C[IM[G, %2C[ &ÙN[åE) #E[G 4Od| NX %!4td 9CT[C 4h 
I_BÁ eI Wd WM<Gd M» K�C (INh6] \W; XD6d CD[ &W4� O[O[ $\F4 W>]4 L\TìNT[\BN[! #E[G 4O] ;[ W416]|  
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$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6 

;]We>;]We>;]We>;]We>----7 7 7 7 M» #N^F %'M» #N^F %'M» #N^F %'M» #N^F %'....    .J.J.J.J....    KeØ@ Wd N_KeØ@ Wd N_KeØ@ Wd N_KeØ@ Wd N_....    .9.9.9.9....    .J.J.J.J....    KeØ@ $\L(g IåOT\CÁT KeØ@ $\L(g IåOT\CÁT KeØ@ $\L(g IåOT\CÁT KeØ@ $\L(g IåOT\CÁT     
 ( IF-to-UHF band Up-Converter for GSAT-7) 

W^EdU 4WM[O ;eG, ÑNhÙíG[ Q[@4[G], ;NdU ?¦O, @].4�.\W"X,  

$"CåOÈ (INh6 412, $XME[K[E 

'-MdQ- sudesh@sac.isro.gov.in 

W[O["UW[O["UW[O["UW[O["U    

NX Qd5 L[OC]N W"9[O (I'X M» (INh6 XhGd T[Qd %' NX Qd5 L[OC]N W"9[O (I'X M» (INh6 XhGd T[Qd %' NX Qd5 L[OC]N W"9[O (I'X M» (INh6 XhGd T[Qd %' NX Qd5 L[OC]N W"9[O (I'X M» (INh6 XhGd T[Qd %' .J KeØ@ Wd N_ .9 .J KeØ@.J KeØ@ Wd N_ .9 .J KeØ@.J KeØ@ Wd N_ .9 .J KeØ@.J KeØ@ Wd N_ .9 .J KeØ@    $\L(g IåOT\CÁT 4ü \TíC[OI_BÁ $\L(g IåOT\CÁT 4ü \TíC[OI_BÁ $\L(g IåOT\CÁT 4ü \TíC[OI_BÁ $\L(g IåOT\CÁT 4ü \TíC[OI_BÁ 
;[G4[O] #E[G 4O;[G4[O] #E[G 4O;[G4[O] #E[G 4O;[G4[O] #E[G 4OC[ XeC[ XeC[ XeC[ Xe| | | | NX &4[' N_ .9 .J KeØ@ G]CL[O 4ü MË̂N &4[' XeNX &4[' N_ .9 .J KeØ@ G]CL[O 4ü MË̂N &4[' XeNX &4[' N_ .9 .J KeØ@ G]CL[O 4ü MË̂N &4[' XeNX &4[' N_ .9 .J KeØ@ G]CL[O 4ü MË̂N &4[' Xe| | | | NX $\L(g IåOT\CÁT %'NX $\L(g IåOT\CÁT %'NX $\L(g IåOT\CÁT %'NX $\L(g IåOT\CÁT %'....    .J.J.J.J....    KeØ@ 4� KeØ@ 4� KeØ@ 4� KeØ@ 4� 
MÜN %T\̀ÇMÜN %T\̀ÇMÜN %T\̀ÇMÜN %T\̀Ç    K¾@ 4h Qh4Q Eh\QTK¾@ 4h Qh4Q Eh\QTK¾@ 4h Qh4Q Eh\QTK¾@ 4h Qh4Q Eh\QT    ((((LO)LO)LO)LO)    4ü WX[NC[ Wd N_4ü WX[NC[ Wd N_4ü WX[NC[ Wd N_4ü WX[NC[ Wd N_....    .9.9.9.9....    .J.J.J.J....    KeØ@ M» IåOT\CÁKeØ@ M» IåOT\CÁKeØ@ M» IåOT\CÁKeØ@ M» IåOT\CÁCCCC4O 4O 4O 4O EdEdEdEdC[ XeC[ XeC[ XeC[ Xe| | | | &W $\L(g IåOT\CÁT &W $\L(g IåOT\CÁT &W $\L(g IåOT\CÁT &W $\L(g IåOT\CÁT 
M» #NF̂ XhGd T[Qd IåOID ;eWd \GãG OT #TFÁ4M» #NF̂ XhGd T[Qd IåOID ;eWd \GãG OT #TFÁ4M» #NF̂ XhGd T[Qd IåOID ;eWd \GãG OT #TFÁ4M» #NF̂ XhGd T[Qd IåOID ;eWd \GãG OT #TFÁ4, , , , %'%'%'%'....    .J.J.J.J....    KeØ@ I[O4 åJç>OKeØ@ I[O4 åJç>OKeØ@ I[O4 åJç>OKeØ@ I[O4 åJç>O, , , , åMÅ4åMÅ4åMÅ4åMÅ4, , , , N_N_N_N_....    .9.9.9.9....    .J.J.J.J....    KeØ@ I[O4 åJç>OKeØ@ I[O4 åJç>OKeØ@ I[O4 åJç>OKeØ@ I[O4 åJç>O, , , , 

Thç>d; \GN"\TCThç>d; \GN"\TCThç>d; \GN"\TCThç>d; \GN"\TC----Eh\QT %åE 4h .J %O Eh\QT %åE 4h .J %O Eh\QT %åE 4h .J %O Eh\QT %åE 4h .J %O ----4444    G[M4 $TíCO IE[DÁ IO %F[åOC XeG[M4 $TíCO IE[DÁ IO %F[åOC XeG[M4 $TíCO IE[DÁ IO %F[åOC XeG[M4 $TíCO IE[DÁ IO %F[åOC Xe| | | | &W &4[' 4[ \GãG OT&W &4[' 4[ \GãG OT&W &4[' 4[ \GãG OT&W &4[' 4[ \GãG OT    10.010.010.010.0    
@dW]KQ 3O Q\áF @dW]KQ 3O Q\áF @dW]KQ 3O Q\áF @dW]KQ 3O Q\áF ----8.58.58.58.5    @dW]KQ X¾@dW]KQ X¾@dW]KQ X¾@dW]KQ X¾| | | | &W &4[' 4ü $\L4çIG[ WÙN[IG #\CeI&W &4[' 4ü $\L4çIG[ WÙN[IG #\CeI&W &4[' 4ü $\L4çIG[ WÙN[IG #\CeI&W &4[' 4ü $\L4çIG[ WÙN[IG #\CeI    ((((DVM)DVM)DVM)DVM)    4h $"4h $"4h $"4h $"....((((....4�4�4�4�. . . . M» \GåMÁC 4O4� M» \GåMÁC 4O4� M» \GåMÁC 4O4� M» \GåMÁC 4O4� 
3O WÙN[\IC 4OGd 4� K[E (§NG #\CeI3O WÙN[\IC 4OGd 4� K[E (§NG #\CeI3O WÙN[\IC 4OGd 4� K[E (§NG #\CeI3O WÙN[\IC 4OGd 4� K[E (§NG #\CeI    ((((FM)FM)FM)FM)    3O NhÌNC[ #\CeI3O NhÌNC[ #\CeI3O NhÌNC[ #\CeI3O NhÌNC[ #\CeI    ((((QM)QM)QM)QM)    4h L] $"CåOÈ (INh6 4124h L] $"CåOÈ (INh6 4124h L] $"CåOÈ (INh6 4124h L] $"CåOÈ (INh6 412    (((($"$"$"$"....((((....4�4�4�4�) ) ) ) M» X] M» X] M» X] M» X] 
$\L4\çIC $\L4\çIC $\L4\çIC $\L4\çIC å4å4å4å4N[ 6N[ XeN[ 6N[ XeN[ 6N[ XeN[ 6N[ Xe| | | | NX $\L(g INX $\L(g INX $\L(g INX $\L(g IåOT\CÁT 4[ ;]We>åOT\CÁT 4[ ;]We>åOT\CÁT 4[ ;]We>åOT\CÁT 4[ ;]We>----7 7 7 7 M» (INh6 Xh OX[ XeM» (INh6 Xh OX[ XeM» (INh6 Xh OX[ XeM» (INh6 Xh OX[ Xe| | | |     

W"4�CW"4�CW"4�CW"4�C    UáEUáEUáEUáE::::    

IåOT\CÁT, #TFÁ4, \GãG OT, Q\áF, %T̀\Ç K¾@ Qh4Q Eh\QT, åMÚN[ %T̀\Ç 

#íC[TG[ #íC[TG[ #íC[TG[ #íC[TG[ ::::    
;]We>-7 M» N_. .9. .J. KeØ@ G]CL[O 4[ M̂ËCN[ (INh6 \GãG \K> EO W"9[O ;eWd å4 T[4¨, @d>[ .T" J�ÊW M» å4N[ ;[ 
OX[ X¾| NX N_. .9. .J. KeØ@ G]CL[O WTÁåEU (omni-directional) 9Q >åMÁGQ ;hå4 .4 \G\ë9C W"ËN[ M» W"4ü@Á KeØ@ 
M» T[4¨, @d>[ .T" J�ÊW å4 $\C-%TëN4 W"9[O 4� \Q. XM»U[ (IQáF Xh6[| &W ;]We>-7 M» (g \K> EO W"9[O ;eWd å4 
ÅTB .T" T]å@Nh 4ü WdT[ L] E] ;[ OX] X¾ IO"Ĉ &ÝX» .W., W]. .T" 4�.N_. %T̀\Ç K¾@ O5[ 6N[ Xe|  

&W $\L(g IåOT\CÁT 4[ M^ËN 4[NÁ Odå@Nh %T̀\Ç 4� \GTd\UC \W�Q 4h \GãG OT 4� W[D %TëN4 \G6ÁMG %T̀\Ç M» 
eI["CåOC 4OG[ XhC[ Xe| 9_!å4 N_. .9. .J. KeØ@ \GãG %T̀\Ç K¾@ X¾ &W\Q. &W $\L(g IåOT\CÁT 4h .J %O -4 
G[M4 $TíCO IE[DÁ $\L4\çIC å4N[ 6N[ Xe| &WM» (IN^F Qh4Q Eh\QT 6̂B4 (Multiplier) %F[O IO 
$\L4\çIC X¾ .T" &Wd L] .J %O-4 G[M4 $TíCO IE[DÁ $\L4\çIC å4N[ 6N[ Xe| IåOT\CÁT, Qh4Q Eh\QT .T" W"ELÁ 
(TCXO reference) 4h .4 X] å@áKd 4� $' .T" I]:d O5d 6. X¾ \;W4� 4[OB (G4[ %4[O 3O T;G 4M Xh 6N[ Xe| 
&W W"I_BÁ $\L(g IåOT\CÁT 4h $G^4�Q4 &4[' Wd WL] W\CN (active) ;eWd \GãG OT #TFÁ4, W"ELÁ, Qh4Q Eh\QT 
%åE 4h %TUN4 3O \GN"\TC \GãG Thç>d; (IQáF 4O[N[ ;[C[ Xe|  

$\L4\çIC $\L(g IåOT\CÁT $\L4\çIC $\L(g IåOT\CÁT $\L4\çIC $\L(g IåOT\CÁT $\L4\çIC $\L(g IåOT\CÁT ::::    
NX $\L(g IåOT\CÁT 60-76 MHz 4� \GTd\UC \W�Q 4h 188.4 MHz 4� Qh4Q Eh\QT å4 WX[NC[ Wd 242.1-254.7 

MHz 4� \G6ÁMG %T̀\Ç M» IåOT\CÁC4O EdC[ Xe| 9_!å4 å4W] L] IåOT\CÁT $\L4\çIC 4OGd 4� IXQd &W4[ åMÚN[ 
%T̀\Ç W"\CT Ed5[ ;[G[ %TëN4 X¾ \;WWd å4 åMÚN[ %T̀\Ç 4� $G^6MG 4h 4M å4N[ ;[ W4�| &Wd spurfinder 

G[M4 Wfà>TdNO M» Ed5[ 6N[ Xe|  

$\L4\çIC $\L(g IåOT\CÁT 4h M^ËNCN[ C]G L[6 M» \TL[\;C å4N[ ;[ W4C[ Xe : 

1. Odå@Nh %T̀\Ç IåOÏ:dE (RF Section) 

2. Qh4Q Eh\QT IåO9$:dE (LO –Section) 

3. &QdÊ>Ä[\G4ü U\F $G^4�Q4 IåOÏ:dE (EPC-Section) 

&W IåOT\CÁT 4[ #4[NÁ 5"@ %Od5, \T\GE¼U 3O åMÚN[ %T̀\Ç W"\CT CMU: \9T-1 3O C[\Q4[-1 3O \9T-2 M» åEN[ 
6N[ Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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C[\Q4[C[\Q4[C[\Q4[C[\Q4[----1:1:1:1:    \T\GE¼\T\GE¼\T\GE¼\T\GE¼UUUU    ((((Specifications)Specifications)Specifications)Specifications)    

#[9Q#[9Q#[9Q#[9Q &4['&4['&4['&4['    \T\GE¼U\T\GE¼U\T\GE¼U\T\GE¼U    

\GTd\UC %T\̀Ç K¾@\GTd\UC %T\̀Ç K¾@\GTd\UC %T\̀Ç K¾@\GTd\UC %T\̀Ç K¾@ MHz 60-76 

\G6ÁMG %T̀\Ç K¾@\G6ÁMG %T̀\Ç K¾@\G6ÁMG %T̀\Ç K¾@\G6ÁMG %T̀\Ç K¾@    MHz 248.4-264.4 

Qh4Q Eh\QT %T\̀ÇQh4Q Eh\QT %T\̀ÇQh4Q Eh\QT %T\̀ÇQh4Q Eh\QT %T\̀Ç    MHz 188.4 

Q\áFQ\áFQ\áFQ\áF    @].K]. -8.5 

OT $"4OT $"4OT $"4OT $"4    @].K]. 10.0 

\GTd\UC \GTd\UC \GTd\UC \GTd\UC 3O \G6ÁåMC\G6ÁåMC\G6ÁåMC\G6ÁåMC VSWR - 1.25:1 
3rd CM $"CO[M[@Q̂G (ÙI[ECM $"CO[M[@Q̂G (ÙI[ECM $"CO[M[@Q̂G (ÙI[ECM $"CO[M[@Q̂G (ÙI[E        @].K].W]. -44 

åMÚN[åMÚN[åMÚN[åMÚN[    %T\̀Ç \G6ÁMG%T\̀Ç \G6ÁMG%T\̀Ç \G6ÁMG%T\̀Ç \G6ÁMG    @].K].W]. < -60 

 

\9T\9T\9T\9T----1111: : : : %' .J KeØ@ Wd N_ .9 .J KeØ@%' .J KeØ@ Wd N_ .9 .J KeØ@%' .J KeØ@ Wd N_ .9 .J KeØ@%' .J KeØ@ Wd N_ .9 .J KeØ@    $\L(g IåOT\CÁT 4[ #4[NÁ 5"@ %Od5$\L(g IåOT\CÁT 4[ #4[NÁ 5"@ %Od5$\L(g IåOT\CÁT 4[ #4[NÁ 5"@ %Od5$\L(g IåOT\CÁT 4[ #4[NÁ 5"@ %Od5    

    

\9T\9T\9T\9T----2222: : : : %' .J KeØ@ Wd N_ .9 .J KeØ@%' .J KeØ@ Wd N_ .9 .J KeØ@%' .J KeØ@ Wd N_ .9 .J KeØ@%' .J KeØ@ Wd N_ .9 .J KeØ@    $\L(g IåOT\CÁT$\L(g IåOT\CÁT$\L(g IåOT\CÁT$\L(g IåOT\CÁT    4[ åMÚN[ %T\̀Ç W"\CT4[ åMÚN[ %T\̀Ç W"\CT4[ åMÚN[ %T\̀Ç W"\CT4[ åMÚN[ %T\̀Ç W"\CT    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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Odå@Nh %T̀\Ç IåOÏ:dE Odå@Nh %T̀\Ç IåOÏ:dE Odå@Nh %T̀\Ç IåOÏ:dE Odå@Nh %T̀\Ç IåOÏ:dE ::::        
NX IåOÏ:dE K�C X] W"XC (Compact) &4[' Xe ;h å4 .J %O -4 G[M4 $TíCO IE[DÁ 4h (INh6 4O4� KG[N[ 6N[| 
&WM» AC457 ;hå4 .4 TO-8 Ie4�; 4h ;hå4 \GãG OT #TFÁ4 Xe TX \T\LF ( Discrete) N^\F 4h IXQ] N^\F 4� \Q. 
(INh6 å4N[ 6N[ Xe| &W4[ W^MdQG 7>4D 4� W[D \GãG OT 3.5 @].K]. 3O Q\áF 14.5 @].K]. Xe|  

&W \GãG OT #TFÁ4 4� K[E .4 %'. .J. KeØ@ I[O4 åJç>O 4[ (INh6 å4N[ 6N[ Xe &W4[ 4[NÁ %'. .J. KeØ@ 4ü 
(IN^F Odå@Nh %T̀\Ç 4� \W�Q 4h I[O 4O[G[ CD[ $G^INF̂ Odå@Nh %T̀\Ç 4� \W�Q 4h Oh4G[ Xe| &W K¾@ I[O4 
åJç>O 4[ 4[NÁ 60-76 MHz 4� \W�Q 4h I[O XhGd EdG[ CD[ WL] E_WOd \W�Q ;eWd 248.4-264.4 4h Oh4G[ Xe| &Wd 
\I\Ø@C 7>4 4h (INh6 4O4� å4N[ 6N[ Xe| &G4ü \GTdUH X[\G Q6L6 2.0 @].K]. Xe|  

%'. .J. KeØ@ I[O4 åJç>O Wd %Gd T[Qd Odå@Nh %T̀\Ç 4� \W�Q 4h åMÅ4 M» \GTd\UC å4N[ ;[C[ Xe \;W4[ 4[NÁ 
\GTd\UC \W�Q 4h Qh4Q Eh\QT 4ü %T̀\Ç 4� W[D åM\ÅC4O \G6ÁMG %T̀\Ç 4� \W�Q M» IåOT\CÁC 4OG[ Xe| &Wd 
M6E G[M4 åMÅ4 Wd KG[N[ 6N[ Xe .T" &W IåOID 4[ Q\áF $"4 -7.5 @].K]. Xe|  

NX \G6ÁMG %T̀\Ç 4[ \W�Q %6d N_. .9. .J. KeØ@ I[O4 åJç>O M» Xh4O %6d È]B4[O] M» XhCd �. \G6ÁåMC Xh ;[C[ 
Xe| &W K¾@ I[O4 åJç>O 4[ 4[NÁ 248.4-264.4 4� \W�Q 4h I[O XhGd EdG[ CD[ WL] E_WOd \W�Q ;eWd 60-76 MHz .T" 
Qh4Q Eh\QT Wd %Gd T[Q] .T" KGGd T[Q] åMÚN[ %T̀\Ç 4h Oh4G[ Xe| &Wd L] \I\Ø@C 7>4 4h (INh6 4O4� å4N[ 
6N[ Xe| &G4ü \GTdUH X[\G Q6L6 2.0 @].K]. Xe| È]B4[O] 7>4 4[ M^ËN (INh6 %TëN4 íCO 4[ \G6ÁåMC \W�Q 
EdG[ CD[ (ªd\WC VSWR #E[G 
4OG[ X¾|  

&W Qh4Q Eh\QT 4� W"I_BÁ 
IåOID 4h ADS G[M 4� 
W[à>TdNO M» $G^4OB 
(Simulate) å4N[ 6N[ CD[ 
$\L\TÝN[W (Layout) 4h 
$\L4\çIC å4N[ 6N[ D[|  

Odå@Nh %T̀\Ç IåOÏ:dE 4[ 
Jh>h'[J \9T-3 M» åE5[N[ 6N[ 
Xe:  

Qh4Q Eh\QT IåOÏ:dE Qh4Q Eh\QT IåOÏ:dE Qh4Q Eh\QT IåOÏ:dE Qh4Q Eh\QT IåOÏ:dE ::::    
#N^F Qh4Q Eh\QT L] .J %O 
-4 G[M4 $TíCO IE[DÁ 4h 
(INh6 4O4� KG[N[ 6N[| NX 
IåOID %T̀\Ç 6̂B4 (Multiplier) IO %F[åOC Xe, &W4[ #4[NÁ 5"@ %Od5 \9T-1 M» X] EU[ÁN[ 6N[ Xe| %T̀\Ç 6̂B4 
C4G]4 4� (INh6 4� O[O[ #N^F    Qh4Q Eh\QT %T̀\Ç 188.4 MHz 4ü (ÙI> 4ü ;[C] Xe, NX %T̀\Ç 6̂B4 
(Multiplier) C4G]4 4[ (INh6 &W\QNd å4N[ 6N[ Xe ÊNDå4 NX K�C X] \TëTWG]N .T" WOQ Xe|  

&W IåOID M» .4 W"ELÁ (TCXO reference) 4ü %T̀\Ç 94.2 MHz 4h #TFÁ4 O[O[ #T\FÁC 4O4� W\CN (active) 
6̂B4 4ü WX[NC[ Wd Eh6̂G[ (X 2)4O 188.4 MHz 4ü %TëN4 Qh4Q Eh\QT %T̀\Ç (ÙI> 4ü ;[C] Xe| &W 94.2 

MHz #TFÁ4 4[ Q\áF $"4 20 @].K]. .T" Oe\54C[ +4.0 @].K]. .M. Xe|  

 

\9T\9T\9T\9T----3333: : : : Odå@Nh %T`\Ç IåOÏ:dE 4[ Jh>h'[JOdå@Nh %T`\Ç IåOÏ:dE 4[ Jh>h'[JOdå@Nh %T`\Ç IåOÏ:dE 4[ Jh>h'[JOdå@Nh %T`\Ç IåOÏ:dE 4[ Jh>h'[J    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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W\CN (active) 6̂B4 Wd \G6ÁMG %T̀\Ç 4h #TFÁ4 N^\F Wd Q\áF #E[G 4ü ;[C] Xe| &W #TFÁ4 4[ M^ËN 4[NÁ \GãG 
U\F 4� \W�Q 4h (IN^F Q\áF #E[G 4OGd 4� W[D-W[D Od\54C[ (linearity) L] #E[G 4OG[ XhC[ Xe C[å4 %TëN4 
\G6ÁMG I[TO åMQ W4�| | &W #TFÁ4 4[ Q\áF $"4 20 @].K]. .T" Od\54C[ +18.0 @].K]. .M. Xe|  

NX \G6ÁMG %T̀\Ç 4[ \W�Q %6d KeØ@ I[O4 åJç>O M» Xh4O %6d È]B4[O] M» XhCd �. \G6ÁåMC Xh ;[C[ Xe| &W K¾@ 
I[O4 åJç>O 4[ 4[NÁ 188.4 MHz 4� \W�Q 4h I[O XhGd EdG[ CD[ WL] E_WOd \W�Q ;eWd 248.4-264.4, 60-76 MHz 
.T" W"ELÁ Wd %Gd T[Q] .T" KGGd T[Q] åMÚN[ %T̀\Ç 4h Oh4G[ Xe| &Wd L] \I\Ø@C 7>4 4h (INh6 4O4� å4N[ 6N[ Xe| 
&G4ü \GTdUH X[\G Q6L6 3.0 @].K]. .T" åMÚN[ %T̀\Ç \GOíC]4OB 40 @].K]. Xe| È]B4[O] 7>4 4[ M^ËN (INh6 
%TëN4 íCO 4[ \G6ÁåMC \W�Q EdG[ CD[ (ªd\WC VSWR #E[G 4OG[ X¾|  

&W Qh4Q Eh\QT 4� W"I_BÁ IåOID 4h ADS G[M 4� W[à>TdNO M» $G^4OB (Simulate) å4N[ 6N[ CD[ $\L\TÝN[W 
(Layout) 4h $\L4\çIC å4N[ 6N[ D[|  

Qh4Q Eh\QT IåOÏ:dE 4[ Jh>h'[J \9T-4 M» åE5[N[ 6N[ Xe:  

&QdÊ>Äf\G4ü U\F $G4̂�Q4 &QdÊ>Äf\G4ü U\F $G4̂�Q4 &QdÊ>Äf\G4ü U\F $G4̂�Q4 &QdÊ>Äf\G4ü U\F $G4̂�Q4 ::::    
&W IåOÏ:dE 4h IåOTCÁ4 
W["\íD\C4ü (converter 

topology) Wd 4[N[Á\ÝTC å4N[ 
6N[ Xe \;W4[ M̂ËN Q[L \GãG 
N^\F 6BG[ 3O $Ï:[ \GTd\UC 
U\F KW :h>] CO"6 (ripple) 
KåXì4OB \GìI[EG Xe| 
$G^4�Q4 4[ MË̂N 4[NÁ WL] 
W\CN (active) &4[' ;eWd \GãG 
OT #TFÁ4, åM\Å4, MÜNTCú 
#TFÁ4, Qh4Q 4Eh\QT %åE 
4h %TUN4 3O \GN"\TC \GãG 
Thç>d; (IQáF 4O[G[ Xe| NX $G4�Q4 M» .4 \GãG %T̀\Ç I[O4 åJç>O XhC[ Xe ;hå4 (g %T̀\Ç 4h \TÈhL 4[ 
EMG4O EdC[ Xe| NX $G^4�Q4 $IG] .4 $\L'[X] 4ü \íD\C 4h MfG]>åO"6 4OGd 4� \Q. E_OåM\C .T" E_O[EdU W"4�CD 4h 
#CM 4OC[ Xe| &W4[ $"CåOÈ N[G 4ü KW Th>çC[ (26-42 Thç>) Wd W]F[ IåO9[QG XhC[ Xe CD[ NX &W (g 3O WK 
Thç> 4h \GãG ( ±5 Thç>, ±15 Thç> %åE ) 3O \GN"\TC Thç>d; M» KEQ EdC[ Xe|  

.4ü4OB .T" M[\IC IåOB[M .4ü4OB .T" M[\IC IåOB[M .4ü4OB .T" M[\IC IåOB[M .4ü4OB .T" M[\IC IåOB[M ::::    
Odå@Nh %T̀\Ç 4� WL] (I-&4[' 4h .J %O -4 G[M4 $TíCO IE[DÁ M» .4ü4_C 4O4� .4 .Q^åM\GNM å@áKd M» O54O 
(W4[ .4ü4_C IåOB[M Ed5[ ;[C[ Xe 3O %TëN4C[ XhGd IO (Wd WMíTåOC (tune) 4O4� %TëN4 IåOB[M Q[N[ 
;[C[ Xe| &W] #4[O Qh4Q Eh\QT 4� WL] (I-&4[' 4� .4ü4_C 4O4� (W4[ .4ü4_C 3O WMTíTåOC 4O4� IåOB[M 
å4N[ ;[C[ Xe| $K Odå@Nh %T̀\Ç IåOÏ:dE, Qh4Q Eh\QT IåOÏ:dE CD[ &QdÊ>Äf\G4ü U\F $G^4�Q4 IåOÏ:dE 4h .4 
F[Ĉ Iå�4[ M» O54O &G4� C[O-#W.[ Wd ;ht[ ;[C[ Xe CD[ .4ü4_C 4O4� (W4[ .4ü4_C IåOB[M Ed5[ ;[C[ Xe 3O 
%TëN4C[ XhGd IO &G WL] 4h WMíTåOC (tune) 4O4� %TëN4 IåOB[M Q[N[ ;[C[ Xe|  

$\L4\çIC $\L(g IåOT\CÁT 4[ 1 NhÌNC[ #\CeI (QM) 3O 2 (§NG #\CeI (FM) $"CåOÈ (INh6 412 ($".(.4�) 
M» X] $\L4\çIC å4N[ 6N[ Xe| &G EhGD #\CeI 4[ W"I_BÁ T[C[TB]N IO]ÈB å4N[ 6[N[ Xe 3O &W4� IåOB[M 
$\L4çIG[ 6̂BTÇ[ IO 5Od (COCd X¾| &W $\L4\çIC $\L(g IåOT\CÁT 4[ M[\IC IåOB[M CD[ Jh>h'[J CMU: 

C[\Q4[-2 CD[ \9T-5 M» EU[ÁN[ 6N[ Xe|  

 

\9T\9T\9T\9T----4444: : : : Qh4Q Eh\QT IQh4Q Eh\QT IQh4Q Eh\QT IQh4Q Eh\QT IåOÏ:dE 4[ 4[ Jh>h'[JåOÏ:dE 4[ 4[ Jh>h'[JåOÏ:dE 4[ 4[ Jh>h'[JåOÏ:dE 4[ 4[ Jh>h'[J    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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C[\Q4[C[\Q4[C[\Q4[C[\Q4[----2:2:2:2:    M[\IC IåOB[M M[\IC IåOB[M M[\IC IåOB[M M[\IC IåOB[M     
#[9Q#[9Q#[9Q#[9Q &4['&4['&4['&4['    \T\GE¼U\T\GE¼U\T\GE¼U\T\GE¼U    M[\IC IåOB[MM[\IC IåOB[MM[\IC IåOB[MM[\IC IåOB[M    

\GTd\UC %T\̀Ç K¾@\GTd\UC %T\̀Ç K¾@\GTd\UC %T\̀Ç K¾@\GTd\UC %T\̀Ç K¾@ MHz 60-76 60-76 

\G6ÁMG %T\̀Ç K¾@\G6ÁMG %T\̀Ç K¾@\G6ÁMG %T\̀Ç K¾@\G6ÁMG %T\̀Ç K¾@    MHz 242.1-254.7 242.1-254.7 

Qh4Q Eh\QT %T̀\ÇQh4Q Eh\QT %T̀\ÇQh4Q Eh\QT %T̀\ÇQh4Q Eh\QT %T̀\Ç    MHz 188.4 188.4 

Q\áFQ\áFQ\áFQ\áF    @].K]. -8.5 -7.12 

OT $"4OT $"4OT $"4OT $"4    @].K]. 10.0 8.56 

\GTd\UC \GTd\UC \GTd\UC \GTd\UC 3O \G6ÁåMC\G6ÁåMC\G6ÁåMC\G6ÁåMC VSWR - 1.25:1 1.20:1 

3rd CM $"CO[M[@Q̂G (ÙI[ECM $"CO[M[@Q̂G (ÙI[ECM $"CO[M[@Q̂G (ÙI[ECM $"CO[M[@Q̂G (ÙI[E    @].K].W]. -44 -47.2 

åMÚN[åMÚN[åMÚN[åMÚN[    %T\̀Ç \G6ÁMG%T\̀Ç \G6ÁMG%T\̀Ç \G6ÁMG%T\̀Ç \G6ÁMG    @].K].W]. < -60 -62 

\Gì4VÁ \Gì4VÁ \Gì4VÁ \Gì4VÁ ::::    
\T4\WC %' .J KeØ@ Wd N_ .9 .J KeØ@ 
$\L(g IåOT\CÁT 4[ #Nh6 $"CåOÈ 
(INh6 412 M» IXQ] K[O å4N[ 6N[ Xe| 
$\L(g IåOT\CÁT 4h G]CL[O 4ü $ÝN 
&4['Nh 4� W[D \TíC[OI_BÁ IO]ÈB 
å4N[ 6N[ .T" NX WL] %N[MD M» KdXCO 
I[N[ 6N[| %; ;]We>-7 (I'X $IGd 
4È[ M» X¾ .T" N_ .9 .J KeØ@ 4[ G]CL[O 
$IGd Q\ÈC (EdÛíNh 4ü I_Cú4O OX[ X¾| 
L\TìN M» N_ .9 .J KeØ@ G]CL[O 4� \Q. 
\T4\WC å4. 6. &W &4[' .T" $ÝN 
WL] &4['Nh 4h heritage 4� eI M» 
(INh6 å4N[ ;[ W4C[ Xe|  

W"ELÁW"ELÁW"ELÁW"ELÁ::::    
1. W]. @]. %O.- ;]We>-7 .  
2. W^EdU 4WM[O ;eG, ““L[OC]N (I'X GiW"9[QG (INhF[ $\L'[X] M» #N̂F $\C \GãG OT #TFÁ4 3O K¾@ I[O4 åJç>O IåOID”” 
3. W^EdU 4WM[O ;eG, K].;]. T[7dQ[, O\C \W"X, @].4�.\W"X, W^åOÝEO \W"X, “”.45"@ W_÷MCO"6 .4ü4_C IåOID IO %F[åOC 4�.N_.-K¾@ 

$\L'[X]”” 
4. W^EdU 4WM[O ;eG, @].4�.\W"X, W^åOÝEO \W"X, “.M. .W. .W. >['I-@] ŴT[� >åMÁGQ M» #N̂F $\C \GãG OT 3O (g Q\áF $"'["C 

$\L'[X]” 
5. $LN ;eG, $I_T[Á L�[9[NÁ, "4[-K¾@ $\L'[X]" 

FÝNT[EFÝNT[EFÝNT[EFÝNT[E::::        
åX"E] C4G]4ü W"6h�] M» NX XM[O[ Qd5 X¾| &WM» $IG[ Qd5 #íĈC 4OGd 4[ $TWO #E[G 4OGd XdĈ W"6h�] WåM\C 

3O $"CåOÈ (INh6 412 4h X[åEÁ4 FÝNT[E| &W Qd5 4h W^"EO eI EdGd M» WX[NC[ 4� \Q. Å] @]. 4�. E[W (I \GEdU4 
SNPA .T" åX"E] #L[6, We4 $XME[K[E, 4h L] $G"C FÝNT[E|  

Qd54#Qd54#Qd54#Qd54#        
W^EdU 4WM[O ;eG Gd TVÁ 2000 M» 6TGÁM»> &";]\GNåO"6 4fQd;, ;KQI^O Wd &QdÊ>Äf\G4ü .T" E_O W"9[O 
&";]\GNåO"6 M» K].'. å@'] #[o 4ü| \KOQ[ &"\í>­_> 0J >dÊGhQf;] ."@ W[&"W, \IQ[G] Wd TVÁ 2002 M» 
W"9[O &";]\GNåO"6 M» .M.'. å@'] #[o 4ü Xe| TVÁ 2003 M» $"CåOÈ (INh6 412, $XME[K[E M» $\L'[X] 
#L[6 M» 4[NÁ %O"L å4N[|  

*** 

 

\9T\9T\9T\9T----5555: : : : $\L4\çIC $\L(g IåOT\CÁT$\L4\çIC $\L(g IåOT\CÁT$\L4\çIC $\L(g IåOT\CÁT$\L4\çIC $\L(g IåOT\CÁT    4[ Jh>h'[J4[ Jh>h'[J4[ Jh>h'[J4[ Jh>h'[J    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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$"CåOÈ$"CåOÈ$"CåOÈ$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6 \TÉ[G åMUG .T" $G#̂Nh6 \TÉ[G åMUG .T" $G#̂Nh6 \TÉ[G åMUG .T" $G#̂Nh6 

4[>®We>4[>®We>4[>®We>4[>®We>----2222C C C C G]CL[O K�íIdÊÔÄM] W"W_94 %OhIBWM^gN 4[ G]CL[O K�íIdÊÔÄM] W"W_94 %OhIBWM^gN 4[ G]CL[O K�íIdÊÔÄM] W"W_94 %OhIBWM^gN 4[ G]CL[O K�íIdÊÔÄM] W"W_94 %OhIBWM^gN 4[     
N["\T4ü $\L4çI .T" \TëQdVBN["\T4ü $\L4çI .T" \TëQdVBN["\T4ü $\L4çI .T" \TëQdVBN["\T4ü $\L4çI .T" \TëQdVB    

4MQ 4WM[O #;[IC 

'MdQ: kamalp@sac.isro.gov.in 

$"CåOÈ (INh6 412, $XME[K[E - 380015. 

    

W[W[W[W[O["UO["UO["UO["U    

4[>®We>4[>®We>4[>®We>4[>®We>----2222C C C C $\LN[G M» \I:Qd $\LN[GD 4ü ĈQG[ M» WMN \TQ"KG WM[4QG W"W_94 ;eW] 4' G' #iah\6$\LN[G M» \I:Qd $\LN[GD 4ü ĈQG[ M» WMN \TQ"KG WM[4QG W"W_94 ;eW] 4' G' #iah\6$\LN[G M» \I:Qd $\LN[GD 4ü ĈQG[ M» WMN \TQ"KG WM[4QG W"W_94 ;eW] 4' G' #iah\6$\LN[G M» \I:Qd $\LN[GD 4ü ĈQG[ M» WMN \TQ"KG WM[4QG W"W_94 ;eW] 4' G' #iah\6å4å4å4å4ND 4[ ND 4[ ND 4[ ND 4[ 
&íCdM[Q &íCdM[Q &íCdM[Q &íCdM[Q å4å4å4å4N[ 6N[ XeN[ 6N[ XeN[ 6N[ XeN[ 6N[ Xe| | | | 4[>®We>4[>®We>4[>®We>4[>®We>----2222C C C C G]CL[O 4� G[L]N WMCQ 4h Eh L[6D M» K[!>[ 6N[ XeG]CL[O 4� G[L]N WMCQ 4h Eh L[6D M» K[!>[ 6N[ XeG]CL[O 4� G[L]N WMCQ 4h Eh L[6D M» K[!>[ 6N[ XeG]CL[O 4� G[L]N WMCQ 4h Eh L[6D M» K[!>[ 6N[ Xe[[[[5555]]]]----    W[TÁTBú K¾@ 3O W[TÁTBú K¾@ 3O W[TÁTBú K¾@ 3O W[TÁTBú K¾@ 3O 
K�íIdÊÔÄM] K¾@K�íIdÊÔÄM] K¾@K�íIdÊÔÄM] K¾@K�íIdÊÔÄM] K¾@| | | | &W Qd54[ M^ËN&W Qd54[ M^ËN&W Qd54[ M^ËN&W Qd54[ M^ËN (ªdëN NX  (ªdëN NX  (ªdëN NX  (ªdëN NX Xe Xe Xe Xe å4å4å4å4    \T\L> IN[ÁTBúN KQD 4� \T�; WM^gN 4� WL] W"W_94D\T\L> IN[ÁTBúN KQD 4� \T�; WM^gN 4� WL] W"W_94D\T\L> IN[ÁTBúN KQD 4� \T�; WM^gN 4� WL] W"W_94D\T\L> IN[ÁTBúN KQD 4� \T�; WM^gN 4� WL] W"W_94D    ((((TDITDITDITDI))))4h 4h 4h 4h 
\íDC]N W"Od5G \íDOC[ #E[G 4Od\íDC]N W"Od5G \íDOC[ #E[G 4Od\íDC]N W"Od5G \íDOC[ #E[G 4Od\íDC]N W"Od5G \íDOC[ #E[G 4Od| | | |     

1111.... #íC[TG[#íC[TG[#íC[TG[#íC[TG[: : : :     
4[>®We>-2C M» Eh W[TÁTBú W"W_94 3O I[!9 K�íIdÊÔÄM] W"W_94 W\ãM\QC å4. 6. X¾| WL] I[!9 K�íIdÊÔÄM] W"W_94D 
4� \Q. %OhIB WMeI Xe| K�íIdÊÔÄM] W"W_94 4[ $\L4çI .4 9̂GiC]I_BÁ 4[NÁ X¾ ÊNDå4 $G^4�QG ¤d> 3O G[L]N 
WMCQ M» \Kç4WQ åX MN[ÁåEC ;6X Mi;_E Xe| NX Qd5 \T\U` KQD 4� \T�; K�íIdÊÔÄM] W"W_94 %OhIB WM̂gN 4� 
C[I]N-N["\T4ü \GìI[EG IO #4[U @[QC[ Xe|  
    

2222.... $\L4çI 4� M[IE"@$\L4çI 4� M[IE"@$\L4çI 4� M[IE"@$\L4çI 4� M[IE"@: : : : $\L4çI 4�$\L4çI 4�$\L4çI 4�$\L4çI 4�    \Q. \Q. \Q. \Q. \GãG[\Q\5C M[IE"@ $IG[.\GãG[\Q\5C M[IE"@ $IG[.\GãG[\Q\5C M[IE"@ $IG[.\GãG[\Q\5C M[IE"@ $IG[.    6. 6. 6. 6. X¾X¾X¾X¾::::    
(i) WM̂gN 4ü IXQ] #[4_\C4 %T̀\Ç 100 Hz Wd )IO Xh|  
(ii) $4�Qd C]GD $ÈD M» 20g $IåOT\CÁC $TíD[ 4� KQD 4ü T;X Wd 7>4D M» IeE[ XhGd T[Qd #\CKQ (G4ü 5^E4ü 

WXGU]QC[ Wd 4M Xh|  
(iii) 20°C 4� (ìM]N KQ 4� 4[OB WM^gN 4� \T\L> 7>[2" M» IeE[ XhGd T[Qd #\CKQ (G4ü 5^E4ü WXGU]QC[ Wd 4M 

Xh|  
(iv) WM[4QG 4ü WX;C[ 
    

3333.... IE[Dµ 4� 6B̂FMÁIE[Dµ 4� 6B̂FMÁIE[Dµ 4� 6B̂FMÁIE[Dµ 4� 6B̂FMÁ::::    
W"O9G[ÙM4 \TëQdVB 4�W"O9G[ÙM4 \TëQdVB 4�W"O9G[ÙM4 \TëQdVB 4�W"O9G[ÙM4 \TëQdVB 4�    \Q. \Q. \Q. \Q. IE[Dµ 4� \GãG\Q\5C 6B̂FMÁ &íCdM[QIE[Dµ 4� \GãG\Q\5C 6B̂FMÁ &íCdM[QIE[Dµ 4� \GãG\Q\5C 6B̂FMÁ &íCdM[QIE[Dµ 4� \GãG\Q\5C 6B̂FMÁ &íCdM[Q    å4å4å4å4. 6. . 6. . 6. . 6. X¾X¾X¾X¾::::    

7>47>47>47>4    IE[DÁIE[DÁIE[DÁIE[DÁ    #ÙN[#ÙN[#ÙN[#ÙN[íDC[ íDC[ íDC[ íDC[ 
M[I["4M[I["4M[I["4M[I["4    
((((GPa)GPa)GPa)GPa)    

ßT[WD ßT[WD ßT[WD ßT[WD 
$GÎ[C$GÎ[C$GÎ[C$GÎ[C    ((((νννν))))    

C[I]N #WOB C[I]N #WOB C[I]N #WOB C[I]N #WOB 
4[ 6B̂["44[ 6B̂["44[ 6B̂["44[ 6B̂["4    

    ((((°C°C°C°C----1)1)1)1)    

(ìM]N (ìM]N (ìM]N (ìM]N 
9[Q4C[9[Q4C[9[Q4C[9[Q4C[    

    ((((W/mW/mW/mW/m----K)K)K)K)    

IO[LT IO[LT IO[LT IO[LT 
W[MÚNÁW[MÚNÁW[MÚNÁW[MÚNÁ    
    ((((MPa)MPa)MPa)MPa)    

W"W_94  .çN̂åM\GNM åMÅF[Ĉ 330 0.24 4.5E-6 140-180 320  

%GMG %OhIB  &ÝêX[O  145 0.3 1.3E-6 10.15 300 

U]C Iå�4[ C["K[ 110 0.35 16.4 E-6 385 33.3 

WOdW &W] 2216 (3M) 0.3 0.5 1 E-4  10 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 1: : : : N["\T4 6B̂FMÁN["\T4 6B̂FMÁN["\T4 6B̂FMÁN["\T4 6B̂FMÁ 

4444.... K�íIdÊÔÄM] W"W_94 %OhIB WM^gNK�íIdÊÔÄM] W"W_94 %OhIB WM^gNK�íIdÊÔÄM] W"W_94 %OhIB WM^gNK�íIdÊÔÄM] W"W_94 %OhIB WM^gN:::: 
NX WM^gN 4hT[O 4ü \IGD T[Qd W"W_94, %GMG %OhIB 3O U]C Iå�4[ Wd KG[ Xe| W"W_94 .çN^åM\GNM G['>Ä['@ 
IE[DÁ Wd KG[ Xe| K�íIdÊÔÄM] W"W_94 %OhIBWM^gN%4_\C-1 M» EU[ÁN[ 6N[ Xe| W"W_94 4� U]VÁ I`� IO U]C Iå�4[ 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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íD[\IC 4ü ;[.6]| U]C Iå�4[ 3O W"W_94 4� K]9 M» %EUÁ W"I4· W^\G\ë9C 4OGd 4� \Q. (G4� K]9 M» 100 µm 4ü 
I>] &íCdM[Q 4ü ;[.6]| &ÝêX[O 4� %GMG %OhIB IO W"W_94 4[ %K"FG å4N[ ;[.6[| C[I]N KQD 4� \T�; 
\GìI[EG 4� \Q. W"W_94 4h GãN JQ4D 4� O[O[ &ÝêX[O 4� %OhIB Wd %K"\FC å4N[ ;[.6[| [4]

 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

%4_\C%4_\C%4_\C%4_\C----1111: : : : K�íIdÊÔÄM] W"W_94 %OhIB WMĝNK�íIdÊÔÄM] W"W_94 %OhIB WMĝNK�íIdÊÔÄM] W"W_94 %OhIB WMĝNK�íIdÊÔÄM] W"W_94 %OhIB WMĝN    

5555.... W"O9G[ÙM4 W"O9G[ÙM4 W"O9G[ÙM4 W"O9G[ÙM4 \TëQdVB\TëQdVB\TëQdVB\TëQdVB::::    
\T\L> IN[ÁTOB]N KQD 4� \T�; \íDOC[ 3O W"Od5G 4ü 4å?G ;eOC 4h I_O[ 4OGd 4� \Q. WM^gN 4[ W"O9G[ÙM4 
\TëQdVB å4N[ 6N[ Xe|  
    

CM["4CM["4CM["4CM["4    $TNT 4ü %4_\C $TNT 4ü %4_\C $TNT 4ü %4_\C $TNT 4ü %4_\C     $TNT 6BG[$TNT 6BG[$TNT 6BG[$TNT 6BG[    2êNM[G2êNM[G2êNM[G2êNM[G    ((((gm)gm)gm)gm)    

1 VÔL̂;]N 30222 

92.3 
2 IgO 759 

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----2: : : : IO]åMC $TNT \T\F #[9QIO]åMC $TNT \T\F #[9QIO]åMC $TNT \T\F #[9QIO]åMC $TNT \T\F #[9Q 

6666.... $\LQ"K \TF[ \TëQdVB$\LQ"K \TF[ \TëQdVB$\LQ"K \TF[ \TëQdVB$\LQ"K \TF[ \TëQdVB:::: WMĝN 4� 
%OhIB \:2D 4ü W[O] íT[C"õN 4hå>ND 
(DOF) 4[ \GTCÁG å4N[ 6N[| [1]T[íC\T4 
WM^gN 4h \TëQdVB 4� \Q. 6\BC]N 
#\CeI M» eI["CåOC å4N[ 6N[ Xe| &Wd 
%4_\C- M» EU[ÁN[ 6N[ Xe| IåOB[M W[OB]-2 
M» EU[Á. 6. X¾| \TF[ %4_\CN[! %4_\C- M» 
EU[ÁN] 6' X¾|  
    

    
    

इ()हारइ()हारइ()हारइ()हारआरोपणआरोपणआरोपणआरोपण 

शीत शीत शीत शीत प�,टकाप�,टकाप�,टकाप�,टका 

प�चप�चप�चप�च 

    

%4_\C%4_\C%4_\C%4_\C----2222: : : : K�íIdÊÔÄM] W"W_94 %OhIB WMĝN 4[6\BC]N #\CeIK�íIdÊÔÄM] W"W_94 %OhIB WMĝN 4[6\BC]N #\CeIK�íIdÊÔÄM] W"W_94 %OhIB WMĝN 4[6\BC]N #\CeIK�íIdÊÔÄM] W"W_94 %OhIB WMĝN 4[6\BC]N #\CeI    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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%4_\C%4_\C%4_\C%4_\C----    3333....1111: : : : IXQ] IXQ] IXQ] IXQ] \TF[\TF[\TF[\TF[420 Hz420 Hz420 Hz420 Hz    

    

%4_\C%4_\C%4_\C%4_\C----    3333....1111: : : : E_WO]\TF[E_WO]\TF[E_WO]\TF[E_WO]\TF[    498 Hz498 Hz498 Hz498 Hz 

    

%4_\C%4_\C%4_\C%4_\C----    3333....3333: : : : \CWO] \CWO] \CWO] \CWO] \TF[\TF[\TF[\TF[589 Hz589 Hz589 Hz589 Hz    
 

\T\F CM["4 \T\F CM["4 \T\F CM["4 \T\F CM["4     %T̀\Ç%T̀\Ç%T̀\Ç%T̀\Ç    ((((Hz)Hz)Hz)Hz)    

IXQ] \TF[IXQ] \TF[IXQ] \TF[IXQ] \TF[    420420420420    

E_WO] \TF[E_WO] \TF[E_WO] \TF[E_WO] \TF[    498498498498    

\CWO]\TF[\CWO]\TF[\CWO]\TF[\CWO]\TF[    589589589589    

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----3333: : : : $\LQ"K \T$\LQ"K \T$\LQ"K \T$\LQ"K \TF[ \TëQdVB 4� IåOB[MF[ \TëQdVB 4� IåOB[MF[ \TëQdVB 4� IåOB[MF[ \TëQdVB 4� IåOB[M    

7777.... íDe\C4 \TëQdVB: ;eW[ 4ü %4_\C-4 M» åE5[N[ 6N[ Xe, W"W_94 4[ %OhIB .4 %GMG %OhIB Xe| W"W_94 4� 
%OhIB ÈdT Wd IeE[ XhGd T[Qd \TÈhLD 4h %GMG ÈN 4OC[ Xe| %OhIB M» 9[O WOdU ÈdT X¾| #Mh9G KQD 4h $G^4[åOC 
4OGd 4� \Q. íDe\C4 \TëQdVB å4N[ 6N[ Xe \;WM» W"W_94, 3O %OhIG M» IeE[ XhGd T[Qd #\CKQD 4h %4QG å4N[ 
6N[ Xe| 20gX, 20gY, 20gZ 3O 20°C C[I]N IåO\íD\CND 4� \Q. \TëQdVB å4N[ 6N[ Xe| [3] &G \TëQdVBD 4� IåOB[M 
C[\Q4[-4M» EU[Á. 6. X¾|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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आकृित-4: बहु0पे23मी संसूचक इ()हार आरोपण 

    

CM["4CM["4CM["4CM["4    IåO\íD\CIåO\íD\CIåO\íD\CIåO\íD\C    W"W_94 M» IeE[ XhGdT[Q[ W"W_94 M» IeE[ XhGdT[Q[ W"W_94 M» IeE[ XhGdT[Q[ W"W_94 M» IeE[ XhGdT[Q[ 
#\CKQ#\CKQ#\CKQ#\CKQ    (((($\F4CM MË̂N$\F4CM MË̂N$\F4CM MË̂N$\F4CM MË̂N))))    

WÔÈ[ WÔÈ[ WÔÈ[ WÔÈ[ 
6B̂["46B̂["46B̂["46B̂["4    

%OhIB%OhIB%OhIB%OhIB    

    ((((êXhG åMWdWêXhG åMWdWêXhG åMWdWêXhG åMWdW))))    

WÔÈ[ 6B̂["4WÔÈ[ 6B̂["4WÔÈ[ 6B̂["4WÔÈ[ 6B̂["4    

1111    20gx20gx20gx20gx    2.58 2.58 2.58 2.58 MPMPMPMPaaaa    7837 %7837 %7837 %7837 %    41.6 41.6 41.6 41.6 MPMPMPMPaaaa    430 %430 %430 %430 %    

2222    20gy20gy20gy20gy    3.05 3.05 3.05 3.05 MPMPMPMPaaaa    6614 %6614 %6614 %6614 %    52.8 52.8 52.8 52.8 MPMPMPMPaaaa    318 %318 %318 %318 %    

3333    20gz20gz20gz20gz    2.522.522.522.52MPMPMPMPaaaa    8026 %8026 %8026 %8026 %    43.6 43.6 43.6 43.6 MPMPMPMPaaaa    406 %406 %406 %406 %    

4444    ∆t∆t∆t∆t    = 20°C= 20°C= 20°C= 20°C    10.7 10.7 10.7 10.7 MPMPMPMPaaaa    1814 %1814 %1814 %1814 %    13.4 13.4 13.4 13.4 MPMPMPMPaaaa        1332 %1332 %1332 %1332 %    

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----4444: : : : íDe\C4 \TëQdVB 4� IåOB[MíDe\C4 \TëQdVB 4� IåOB[MíDe\C4 \TëQdVB 4� IåOB[MíDe\C4 \TëQdVB 4� IåOB[M 

    

%4_\C%4_\C%4_\C%4_\C----5.15.15.15.1    : : : : Δtttt====20 20 20 20 IåO\íD\CIåO\íD\CIåO\íD\CIåO\íD\C    M» W"W_94 4� WOdW ÈdTM» W"W_94 4� WOdW ÈdTM» W"W_94 4� WOdW ÈdTM» W"W_94 4� WOdW ÈdT    IO IO IO IO %Gd T[Qd%Gd T[Qd%Gd T[Qd%Gd T[Qd    $\F4CM MË̂N$\F4CM MË̂N$\F4CM MË̂N$\F4CM MË̂N    

आनमनआनमनआनमनआनमन 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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%4_\C%4_\C%4_\C%4_\C----5.25.25.25.2    : : : : 20202020g g g g IåO\íD\CIåO\íD\CIåO\íD\CIåO\íD\C    M» W"W_94 4� WOdW ÈdTM» W"W_94 4� WOdW ÈdTM» W"W_94 4� WOdW ÈdTM» W"W_94 4� WOdW ÈdT    IO IO IO IO %Gd%Gd%Gd%Gd    T[Qd $\F4CM MË̂N #\CKQ 4[T[Qd $\F4CM MË̂N #\CKQ 4[T[Qd $\F4CM MË̂N #\CKQ 4[T[Qd $\F4CM MË̂N #\CKQ 4[    \9T[M\9T[M\9T[M\9T[M    

 
%4_\C%4_\C%4_\C%4_\C----5.35.35.35.3    : : : : Δt t t t = = = = 20 20 20 20 IåO\íD\CIåO\íD\CIåO\íD\CIåO\íD\C    M» W"W_94 4� U]C Iå�4[ÈdTM» W"W_94 4� U]C Iå�4[ÈdTM» W"W_94 4� U]C Iå�4[ÈdTM» W"W_94 4� U]C Iå�4[ÈdT    IO IO IO IO %Gd T[Qd%Gd T[Qd%Gd T[Qd%Gd T[Qd    $\F4CM MË̂N #\CKQ 4[ \9T[M$\F4CM MË̂N #\CKQ 4[ \9T[M$\F4CM MË̂N #\CKQ 4[ \9T[M$\F4CM MË̂N #\CKQ 4[ \9T[M 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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%4_\C%4_\C%4_\C%4_\C----5.45.45.45.4    : : : : 20202020g g g g IåO\íD\CIåO\íD\CIåO\íD\CIåO\íD\C    M» W"W_94 4� U]C Iå�4[ÈdTM» W"W_94 4� U]C Iå�4[ÈdTM» W"W_94 4� U]C Iå�4[ÈdTM» W"W_94 4� U]C Iå�4[ÈdT    IO IO IO IO %Gd T[Qd%Gd T[Qd%Gd T[Qd%Gd T[Qd    $\F4CM MË̂N #\CKQ 4[ \9T[M$\F4CM MË̂N #\CKQ 4[ \9T[M$\F4CM MË̂N #\CKQ 4[ \9T[M$\F4CM MË̂N #\CKQ 4[ \9T[M    

8888.... \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ::::    
(i) $\L4çI $IGd M[IE"@D IO 5O[ (CO[ Xe|  
(ii) $\L4çI 4� M[IE"@D 4� $G^W[O #[4_\C4 %T̀\Ç I[N] 6' Xe|  
(iii) C]GD $ÈD M» 20g íDe\C4 4çI KQD 4ü T;X Wd \T\L> 7>4D M» I[. 6. #dåOC #\CKQ IN[Áo W^OÈ[ 6̂B4D 4� 

W[D (G4ü WXGU\F Wd 4M X¾|  
    

    

9999.... W"ELÁW"ELÁW"ELÁW"ELÁ::::    
(1) í>dGK6Á @]. .W., 1973, &QdÊ>Ä[\G4 (I4OBD 4� \Q. 4�IG \TëQdVB, ;hG \TQd 3O W"Wj, ÝN_Nh4·. 
(2) QhO[ I]. .. .., .å4·Q] .Q., 1995, M^\2C IåOID Kh@Á (PCB) 4[ 6\C4üN ÊGÁãN4OB, ACUSTICA, CM["4 81, 

I`� 196-197. 
(3) $ÌQdÇ] ;]. .W. 3O \TÊW .., 1999, W"O9G[ÙM4 $\L4çI 4[ \T4[W, T["CåOÈ N["\T4ü 4[ ;GÁQ, L[6 213-G, 

ISSN – 0954-4100, Ì� 255-263. 
(4) 4�D K]. @h&Q, \êXÊ>O .Q. ;dGK6Á, WM[4\QC #4[U]N-N["\T4ü \TëQdVB, 2010, L[6- 1, I`� 4-19. 
(5) 4[>®We>-2CG]CL[O 4[ #[DåM4 $\L4çI I^GO[TQh4GEíC[Td; CM["4 SAC/SEDA/14/05/2012/02. 

************    

    

    

    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6 

W_5dW_5dW_5dW_5d    ((((    Drought) Drought) Drought) Drought) 4� 4� 4� 4� %4QG%4QG%4QG%4QG    4� \Q.4� \Q.4� \Q.4� \Q.    L[OC]N L[OC]N L[OC]N L[OC]N L_\íDOL_\íDOL_\íDOL_\íDO    (I'X 4[ (INh6(I'X 4[ (INh6(I'X 4[ (INh6(I'X 4[ (INh6    

O[�Q \G6MO[�Q \G6MO[�Q \G6MO[�Q \G6M* * * * .T" \KMQ 4WM[O L�[9[NÁ.T" \KMQ 4WM[O L�[9[NÁ.T" \KMQ 4WM[O L�[9[NÁ.T" \KMQ 4WM[O L�[9[NÁ    
W].@] W].@] W].@] W].@] / / / / K]I]í;] K]I]í;] K]I]í;] K]I]í;] / / / / 'I].W.'I].W.'I].W.'I].W.    / CAD /BPSG / EPSA/ CAD /BPSG / EPSA/ CAD /BPSG / EPSA/ CAD /BPSG / EPSA    

$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412    ((((&WOh&WOh&WOh&WOh) ) ) ) $XME[K[E $XME[K[E $XME[K[E $XME[K[E / Space Applica/ Space Applica/ Space Applica/ Space Applications Centertions Centertions Centertions Center    ((((ISRO)ISRO)ISRO)ISRO), , , , AhmedabadAhmedabadAhmedabadAhmedabad    

        

W"ELÁW"ELÁW"ELÁW"ELÁ    
W_5d 4[ I_T[ÁG^M[G .T" M[T]4OB .4 ;å>Q WMíN[ Xe ÊNDå4 (W4[ íTL[T M"E6MG Xe 3O NX F]Od-F]Od WMN 4� W[D 
\TíC̀C XhC[ Xe| å4W] L] 4_\V, ;Q .T" $DÁ#K"FG 4ü %6[M] Nh;G[ .T" \GBÁN 4� \Q. W_5d 4ü U^�%C, #6MG 3O 
C]nC[ 4[ É[G .T" M[IG \T\L> íD[\G4 .T" 4[Q6C &4[&ND M» %TëN4 Xe| #íĈC $ÜNNG M» TCÁM[G M» (I\íDC 
L[OC]N L_\íDO (I'X &ÝWe>-3$ W]W]@] .T" 4çIG[-1 4[ (INh6 W_5d 4� %4QG 4� \Q. å4N[ 6N[ Xe| &W $ÜNNG 
M» T[íC\T4 (AET) .T" W"L[\TC (PET) T[ìIhÙW;ÁG 4[ %4QG .T" (W4� O[O[ W_94["4 4[ \GM[ÁB W_5d .T" W[M[ÝN 
TVµ 4� \Q. å4N[ 6N[ Xe| \GåMÁC U^ì4C[ .T" TGíI\C W_94["4 O[O[ W_5d .T" W[M[ÝN TVµ M» WMN íD[G .T" (W4� 
#L[T 4[ %4QG 4_\V ÈdTD 4� \Q. å4N[ 6N[ Xe|  

*'-MdQ: rahulnigam@sac.isro.gov.in 

    

    

1111....0000    #íC[TG[#íC[TG[#íC[TG[#íC[TG[    
W_5[ K[4ü WL] #[4_\C4 %IE[2" Wd $Q6 Xe ÊNDå4 &W4[ %6MG WE[ F]Od-F]Od 3O &W4[ \TíC̀C]4OB CMK; 
CO]4� Wd XhC[ Xe (\TçX['> 2005)| NX L_åM 4ü GM] 4h #L[\TC 4OC[ Xe &W\Q. NX 4_\V, I[åO\íD\C4 3O W[M[\;4 
.T" $DÁ#K"FG 4h L] #L[\TC 4OC[ Xe| TV[Á 4[ W[M[ÝN Wd 4M XhG[ MiWM] W_5[ Xe ;K 4क åM�] M» GM] 4ü 4M] XhG[ 
\;WWd JWQD 4[ (ÙI[EG 4[ 4M XhG[ 4_\V W"K"F] W_5[ Xe| ;Q W"K"F] W_5d 4[ MCQK Xe I[G] 4ü F[O[2" M» .T" ;Q 
\G4[ND M» I[G] 4ü 4M] 4[ XhG[| NX C]GD #4[O 4� W_5d Wd W[M[\;4 .T" $DÁ#K"FG W"K"F] W_5d 4[ ;ÝM XhC[ Xe 
ÊNDå4 W_5d Wd WL] #4[O 4� 4gd M[Q 4[ (ÙI[EG 4M XhC[ Xe 3O \;WWd K[s[O 4[ L[T KuC[ Xe (E_ /> %Q, 

2013)| L[OC M» TV[Á IO %F[åOC 4_\V I_BÁ JWQ (ÙI[E M» 44% 4[ Nh6E[G EdC] Xe (\TÎQ /> %Q, 2005)| L[OC M» 
M[GW_G TV[Á 4[ I_T[ÁG^M[G íD[\G4 .T" 4[Q6C &4[&ND M» \TCOB .4 Kt] 9̂GiC] Xe \;WWd TV[Á IO %F[åOC 5dC] 
4[Jü #L[\TC XhC] Xe ( 9"2Ud5O /> %Q, 2010)| W_5d 4[ #DM W[÷N #[N# TV[Á W"K"F] M[IG, TGíI\C 4ü #6\C M» 
4M] .T" JWQ 4� G` XhGd Wd É[C XhC[ Xe| TV[Á %F[åOC 4_\V M» JWQD 4ü K̂%' M[GW_G TV[Á IO \GF[ÁåOC Xe| 
M[GW_G TV[Á 4� EdO] Wd %6MG IO TV[Á IO %F[åOC JWQD 4[ EdO] Wd (ÙI[EG XhC[ Xe \;WWd (G4ü #6\C .T" (ÙI[EG 
ÈMC[ IO Êì#L[T ItC[ Xe| I_Od JWQ 4[Q M» TGíI\C 4ü \íD\C TV[Á 4ü $T\F .T" åM�] M» (I\íDC GM] IO %F[åOC 
XhC] Xe| $C# TV[Á .T" TGíI\C 4ü Q6[C[O \G6O[G] W_5d WãK"\FC $ÜNNG 4� \Q. $\C %TëN4 Xe|  

\I:Qd 200 TVµ M» L[OC Gd \T\L> #4[O 4� W_5D 4h <dQ[ Xe| 4W: W_5D Wd XM[Od $> 4� L"@[OD .T" M[GT]N ;]TG 4h 
Kt[ 5CO[ (ÙI> �% Xe| W_5[ 4�TQ å4W] íD[G \TUdV IO \GLÁO G Xh4O I_Od L[OC M» \TíC̀C XhC[ Xe IO"Ĉ (W4[ 
#L[T $Q6 $Q6 ÅdB] 4[ XhC[ Xe| L[OC M» 4W: íD[GD M» ;eWd IdG»W^Q[, E\ÈB I_Tú .T" I\ë9M] L[6 4h W_5d Wd $\F4 
#L[\TC I[N[ 6N[ Xe| NX WL] íD[GD M» W_5[ TV[Á 4ü WCC I[G] 4ü 4M], L_;Q M» 4M] .T" 4_\V W"K"F] (I[ND M» 
%F̂\G4C[ 4ü 4M] Wd (ÙI> XhC[ Xe| TVÁ 2009 M» .4 6"L]O W_5d 4ü \íD\C Wd L[OC 4� 4[Jü ÈdT #L[\TC �. Dd| 
L[OC MiWM \TL[6 Gd L] &W4ü I^\` TV[Á 4� M[IG O[O[ 4ü Xe| W_5d 4ü \G6O[G] 4� \Q. .T" 4_\V IO (W4� #L[T 4� 
\Q. ND[\íDC %!4tD 4[ \TëQdVB å4N[ ;[C[ Xe IO"Ĉ I_Od L[OC 4� L_ L[6 4ü \íD\C 4h &G %!4tD O[O[ I_BÁ eI Wd 
É[C GXù å4N[ ;[ W4C[| $C# (I'X Wd #[o %!4tD .T" (INh6] ;[G4[åOND 4[ Q6[C[O W_5d .T" JWQ 4ü \G6O[G] 
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4� \Q. .4 MXÙTI_BÁ .T" WUF (INh\6C[ Xe (>4O .T" 9iFO], 1987)| /Wd Ch 4_\V W"K"F] W_5d 4[ %4QG M^\ë4Q Xe 
IO"Ĉ MiWM .T" TGíI\C W"K"F] W_94["4 O[O[ &W4[ É[G íD[\G4 .T" 4[Q6C &4[&ND M» å4N[ ;[ W4C[ Xe| \T\L> 
#4[O 4� W_94["4 4[ \GM[ÁB W_5[ WãK"\FC ;[G4[åOND 4� \Q. (I'X 4� L_åM .T" MiWM] %!4tD Wd å4N[ 6N[ Xe| 
IdW½ÛC (2009) Gd (I'X IO %F[åOC W_5d 4� WW_94["4h 4h C]G WM_X M» \TL[\;C å4N[ Xe (1) W_94["4 ;h TGíI\C 
4ü \íD\C IO \GF[ÁåOC Xe .T" #4[U]N K¾@ 4[ #Nh6 4OCd X¾ (2) W_94["4 ;h L̂ â\C C[I IO \GF[ÁåOC Xe .T" C[I]N K¾@ 
4[ #Nh6 4OCd X¾ (3) W_94["4 ;h IXQd Eh W_94["4 4� W"Nh;G Wd KGCd X¾| L[OC M» ÈdT]N W_5d 4ü \G6O[G] 
NADAMS (O[ Ä̀]N 4_\V, W_5[ %4QG .T" \G6O[G] \G4[N) O[O[ (1.1. å4M]) NOAA (National Oceanic and 

Atmospheric Administration) AVHRR (Advanced Very High Resolution Radiometer) 4� %!4tD O[O[ 
13 O[ÑND M» 4ü ;[C] Xe| AWiFS (Advanced Wide Field Sensor) Resourcesat 2 (56 M]>O-\TLdEG) 4[ #Nh6 
\;Q[ .T" áQf4 4� íCO IO W_5d 4� %4QG 4� \Q. å4N[ ;[C[ Xe| &W $ÜNNG 4[ (ªdëN Xe (1) T[íC\T4 .T" W"L[\TC 
T[ìIhÙW;ÁG O[O[ \GåMÁC Ûì4C[ W_94["4 4[ W_5d .T" W[M[ÝN TVµ 4� \Q. %4QG (2) TGíI\C IO %F[åOC 
W_94["4 NDVI (Normalized Difference Vegetation Index) 4[ W_5d .T" W[M[ÝN TVµ 4� \Q. %4QG|  
 

2222....0000    $ÜNNG ÈdT .T" (INh6 %"4td $ÜNNG ÈdT .T" (INh6 %"4td $ÜNNG ÈdT .T" (INh6 %"4td $ÜNNG ÈdT .T" (INh6 %"4td     

2222....1111    $ÜNNG ÈdT $ÜNNG ÈdT $ÜNNG ÈdT $ÜNNG ÈdT     

#íĈC $ÜNNG M» L[OC 4� W"I_BÁ L_ L[6 4� )IO W_5[ W"K"F] W_94["4 4[ $ÜNNG ;_G Wd $F�KO M[X 4� \Q. å4N[ 
6N[ Xe| L[OC M» &W WMN ;_G Wd $F�KO 4� MÜN 5O]J JWQD 4[ (ÙI[EG å4N[ ;[C[ Xe &WM» F[G 4ü JWQ #M^5 Xe 
;h L[OC M» 4WQ JWQ (ÙI[E 4[ 20% Xe| &W4� $\CåOF ;T̂[O, K[;O[, EQXG, M¦[ %åE 4[ L] (ÙI[EG å4N[ ;[C[ 
Xe|  

2222....2222    %!4tD%!4tD%!4tD%!4tD    4[ \TTOB 4[ \TTOB 4[ \TTOB 4[ \TTOB     

(I'X W"K"F] %"4td  
&W $ÜNNG M» &ÝWe>-3$ W]W]@] .T" 4çIG[-1 4� %!4tD 4[ (INh6 TVÁ 2009 .T" 2011 4� \Q. å4N[ 6N[ Xe| ;_G 
Wd $F�KO 4� WL] #\CåEG 4� %!4tD 4h MOSDAC (Meteorological and Oceanographic satellite data 

Archival Centre) (http://www.mosdac.gov.in) Wd \QN[ 6N[ Xe| &W $ÜNNG M» &ÝWe>-3$ W]W]@] ;\GC NDVI 
(2008, 2009, 2011) 4[ .T" 4çIG[-1 (2009, 2001) O[O[ ;\GC WiO \Tå4OB 4[ \TUdV eI Wd (INh6 å4N[ 6N[ 
Xe| NX WL] %"4td 1 å4M] Wd Qd4O 8 å4M] ÈdT]N \TLdEG M» (IQáF Xe|  

2222....3333    MiWM I_T[ÁGM̂[G MiWM I_T[ÁGM̂[G MiWM I_T[ÁGM̂[G MiWM I_T[ÁGM̂[G W"K"F]W"K"F]W"K"F]W"K"F]    %"4td%"4td%"4td%"4td    

&W $ÜNNG M» TVÁ 2009 .T" 2011 4� #\CåEG 4� C]G 7">d T[Q] MiWM I_T[ÁG^M[G %!4tD 4[ #Nh6 å4N[ 6N[ Xe| 
\TUdV4O C[IM[G, %2C[, XT[ 4ü 6\C .T" EK[T 4[ #Nh6 5 å4M] ÈdT]N \TLdEG M» å4N[ 6N[ Xe|  
 

3333....0000    4[NÁ#B[Q]4[NÁ#B[Q]4[NÁ#B[Q]4[NÁ#B[Q]        

3333....1111    T[íC\T4 T[ìIhÙW;ÁGT[íC\T4 T[ìIhÙW;ÁGT[íC\T4 T[ìIhÙW;ÁGT[íC\T4 T[ìIhÙW;ÁG    ((((Actual EvapotranspActual EvapotranspActual EvapotranspActual Evapotranspiration) iration) iration) iration) 4[ 4[ 4[ 4[ %4QG%4QG%4QG%4QG        

#\CåEG 4� T[íC\T4 T[ìIhÙW;ÁG (AET) 4� %4QG 4� \Q. 4çIG[-1 4� C[I]N K¾@ 4[ #Nh6 &ÝWe> ;GTO] NDVI 
4� WM[TdU Wd å4N[ 6N[ Xe| &WM» 4çIG[-1 Wd ;\GC WiO \Tå4OB 4[ L] #Nh6 å4N[ 6N[ Xe| #\CåEG 4� T[íC\T4 
T[ìIhÙW;ÁG %4QG Wd M[\W4 T[íC\T4 T[ìIhÙW;ÁG 4[ %4QG å4N[ 6N[| W"I_BÁ T[íC\T4 T[ìIhÙW;ÁG 4� 
%4QG 4ü #B[Q] 4[ \TTOB \9T 1 M» åEN[ 6N[ Xe|  
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\9T \9T \9T \9T 1111. . . . T[íC\T4 T[ìIhÙW;ÁGT[íC\T4 T[ìIhÙW;ÁGT[íC\T4 T[ìIhÙW;ÁGT[íC\T4 T[ìIhÙW;ÁG    ((((AETAETAETAET) ) ) ) 4� M_çN["4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T4� M_çN["4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T4� M_çN["4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T4� M_çN["4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T    

    

3333....2222    W"L[W"L[W"L[W"L[\TC T[ìIhÙW;Á\TC T[ìIhÙW;Á\TC T[ìIhÙW;Á\TC T[ìIhÙW;ÁGGGG    ((((Potential Evapotranspiration)Potential Evapotranspiration)Potential Evapotranspiration)Potential Evapotranspiration)    4[ 4[ 4[ 4[ %4QG%4QG%4QG%4QG        

#\CåEG 4� W"L[\TC T[ìIhÙW;ÁG (PET) 4[ %4QG 4çIG[-1 Wd ;\GC WiO \Tå4OB .T" MiWM I_T[ÁG^M[G O[O[ 
;\GC %!4tD Wd å4N[ 6N[ Xe| &WM» FAO 56 I»GMG MDå>D Mf@Q (P-M Model) 4[ (INh64O 4� #\CåEG 4� 
W"L[\TC T[ìIhÙW;ÁG 4[ %4QG å4N[ 6N[ Xe| #\CåEG 4� W"L[\TC T[ìIhÙW;ÁG Wd M[\W4 W"L[\TC T[ìIhÙW;ÁG 4[ 
%4QG å4N[ 6N[| W"I_BÁ W"L[\TC T[ìIhÙW;ÁG 4� %4QG 4ü #B[Q] 4[ \TTOB \9T 2 M» åEN[ 6N[ Xe|  

 

 

 

 

 

 

 

\9T \9T \9T \9T 2222. . . . W"L[W"L[W"L[W"L[\TC T[ìIhÙW;ÁG\TC T[ìIhÙW;ÁG\TC T[ìIhÙW;ÁG\TC T[ìIhÙW;ÁG    ((((PET) PET) PET) PET) 4� M_çN["4� M_çN["4� M_çN["4� M_çN["4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T4G 4ü 4[NÁ#B[Q] 4[ #T[X W"\9T    ((((PPPP----M algorithm M algorithm M algorithm M algorithm 4� (INh6 Wd4� (INh6 Wd4� (INh6 Wd4� (INh6 Wd))))    
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3333....3333    Uì̂4C[ W_94["4 4[ Uì̂4C[ W_94["4 4[ Uì̂4C[ W_94["4 4[ Uì̂4C[ W_94["4 4[ %4QG%4QG%4QG%4QG        

M[\W4 ;\GC T[íC\T4 .T" W"L[\TC (PET) T[ìIhÙW;ÁG Wd W"L[\TC Wd Ûì4C[ W_94["4 4[ \GM[ÁB å4N[ 6N[ \;W4[ 
\TëQdVB \GãG[G^W[O Xe|  

Ûì4C[ W_94["4 = ( (W"L[\TC T[ìIhÙW;ÁG - T[íC\T4 T[ìIhÙW;ÁG)/ (W"L[\TC T[ìIhÙW;ÁG))* 100 

Aridity Index = ( (PET-PAET)/PET))*100 

3333....4444    TGíI\C W_94["4TGíI\C W_94["4TGíI\C W_94["4TGíI\C W_94["4    O[O[ O[O[ O[O[ O[O[ W_5d 4[ W_5d 4[ W_5d 4[ W_5d 4[ %4QG%4QG%4QG%4QG        
&ÝWe>-3$ W]W]@] Wd ;\GC TGíI\C W_94["4 (NDVI) 4[ \TëQdVB \WCãKO M[X Wd $F�KO M[X 4� K]9 M» å4N[ 6N[| 
W[M[ÝN TVµ (2008) 4� TGíI\C W_94["4 4ü ĈQG[ W_5d TVÁ (2009) 4� TGíI\C W_94["4 Wd 4ü 6' 3O (G íD[GD 
4h Od5["å4C å4N[ 6N[ ;X[" IO W_5d 4[ #4hI $\F4 D[|  

 

4444....0000    IåOB[MIåOB[MIåOB[MIåOB[M    

4444....1111    Uì̂4C[ W_94["4 4[ \TëQdVB Uì̂4C[ W_94["4 4[ \TëQdVB Uì̂4C[ W_94["4 4[ \TëQdVB Uì̂4C[ W_94["4 4[ \TëQdVB     
#íĈC $ÜNNG M» Ûì4C[ W_94["4 4ü ĈQG[ W[M[ÝN (2011) .T" W_5d (2009) TVµ 4� \Q. I_Od L[OC 4� 4_\V ÈdTD 4� 
\Q. 4ü 6' Xe| Ûì4C[ W_94["4 XM» WCX 4ü %2C[/GM] 4� K[Od M» $T6C 4O[C[ Xe| NX W_94["4 4[ M_çN \;CG[ 
òN[E[ XhC[ Xe (CG] ÑN[E[ Ûì4 WCX XhC] Xe| \T6C TVµ M» &W W_94["4 4[ #Nh6 4�TQ íD[\G4 %!4tD O[O[ å4N[ 
;[C[ OX[ Xe| #DM K[O &W W_94["4 4h (I'X O[O[ I_Od L[OC L_-L[6 4� \Q. \GåMÁC å4N[ 6N[ Xe| NX XM» TV[Á Wd %' 
4M] CD[ (W4� JQíT�I TGíI\C M» %' \6O[T> 4h KC[C[ Xe ÊNDå4 &WM» (INh6 M» %' T[ìIhÙW;ÁG TGíI\C 4� 
Li\C4 .T" O[W[N\G4 íT�I 4h L] &"\6C 4OCd X¾| &W Wd XM» É[C XhC[ Xe å4 ;GTO] Wd Qd4O $#eQ C4 EhGD TVµ M» 
$\F4 $"CO GXù I[N[ 6N[ ÊNDå4 &W EiO[G (I;] JWQ» $\F4CO \W"9[' IO \GLÁO 4OC] Xe| &WM» U^ì4C[ W_94["4 
10 Wd 70 % 4� K]9 M» I[N[ 6N[| TVÁ 2009 M» M' Wd Qd4O $F�KO C4 WEeT U^ì4C[ W_94["4 W[M[ÝN TVÁ (2011) Wd 
òN[E[ KG[ OX[| ;_G 4� M[X M» M[GW_G 4� %6MG Wd U^ì4C[ W_94["4 EhGD X] TVµ M» M' M[X 4ü $IdÈ[ 4M �% IO"Ĉ 
L[OC 4� $\F4CM 4_\V %F[åOC ÈdTD M» NX 20 Wd Qd4O 85% C4 KG[ OX[| ;^Q[' .T" $6íC M[X M» U^ì4C[ W_94["4 
2009 M» WEeT 2011 Wd òN[E[ OX[| \WCãKO 3O $F�KO M» L] U^ì4C[ W_94["4 WEeT 2009 M» X] òN[E[ KG[ OX[| &WWd 
XM» (G ÈdTD 4[ É[G �% ;X[! IO W_5d 4ü 6"L]OC[ $\F4 D] 3O ;X[! IO 4_\V IO &W4[ Êì#L[T It[| &W4� W[D 
Ûì4C[ W_94["4 Wd JWQD %2C[ 4[ L] IC[ 9QC[ Xe| ;K XMGd &W 4ü ĈQG[ L[OC]N MiWM \TL[6 O[O[ #4[\UC 
;_G Wd \WCãKO 4ü 4WQ ;M[ TV[Á Wd å4N[ Ch &W K[C 4ü WÙNC[ #M[\BC �' 4ü ;X[" IO TVÁ 2009 M» TV[Á 4M �' D] 
(G íD[G4D 4[ U^ì4C[ W_94["4 W[M[ÝN TVÁ Wd $\F4 X] OX[| W[M[ÝN .T" W_5d TVÁ 4� Ûì4C[ W_94["4 4h \9T 3 M» 
#E\UÁC å4N[ 6N[ Xe|  

4444....2222    TGíI\C W_94["4 4[ \TëQdVB TGíI\C W_94["4 4[ \TëQdVB TGíI\C W_94["4 4[ \TëQdVB TGíI\C W_94["4 4[ \TëQdVB     

&W $ÜNNG M» TVÁ 2009 (W_5[ TVÁ) .T" TVÁ 2008 (W[M[ÝN TVÁ) 4� TGíI\C W_94["4 4ü %IW M» ĈQG[ Wd XM (G 
ÈdTD 4[ IC[ Q6[ I[. ;X[! IO 4_\V M» \6O[T> �' Xe| &G M» #M^5 I_Tú I";[K, W"I_BÁ XåON[B[, I_Tú (ÇO#EdU, \KX[O, 

I\ë9M K"6[Q, (t]W[ 3O :Ç]W6u #M^5 X¾ ;X[! IO TGíI\C W_94["4 4ü \6O[T> 25 Wd 40% C4 #d\ÈC 4ü 6' Xe| 
&W4� $\CåOF I_Tú MÜN#EdU, (ÇO] W]M["� .T" CdQ"6[G[ CD[ MX[O[ Ä̀ 4� K� L[6 M» 4' ÈdTD M» TGíI\C W_94["4 4ü 
\6O[T> W[M[ÝN TVÁ 4ü ĈQG[ M» 10 Wd 30% C4 Ed5] 6' Xe| &W4[ #\CI[EG MiWM \TL[6 ET[O[ #4[\UC TV[Á 4� 
W"I_BÁ TV[Á 4� %!4tD O[O[ L] XhC[ Xe| $C# TVÁ 2009 (W_5[ TVÁ) TGíI\C W_94["4 M» %' \6O[T> åM�] 4ü GM] M» %' 
4M] 4� 4[OB X] Xe| $C# IÝ2X åEGD M» TGíI\C W_94["4 4� W\ãM\ÅC %!4tD Wd 4_\V M» %' \6O[T> 4[ M_çN["4G 
W"LT Xe| &W \TëQdVB Wd É[C �% 4ü å4W WMN M» å4G ÈdTD IO W_5d 4[ #4hI å4CG[ D[| W[M[ÝN .T" W_5d TVÁ 4� 
15 åEG 4� W\ãM\ÅC TGíI\C W_94["4 4h \9T 4 M» EU[ÁN[ 6N[ Xe|  
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\9T \9T \9T \9T 3333....    L[OC]N L_\íDO (I'X Wd Uì̂4C[ W_94["4L[OC]N L_\íDO (I'X Wd Uì̂4C[ W_94["4L[OC]N L_\íDO (I'X Wd Uì̂4C[ W_94["4L[OC]N L_\íDO (I'X Wd Uì̂4C[ W_94["4 

5555....0000    \Gì4VÁ \Gì4VÁ \Gì4VÁ \Gì4VÁ     
#íĈC UhFIT M» L[OC O[O[ #Èd\IC L_\íDO (I'X &ÝWe>-3$ W]W]@] .T" 4çIG[-1 4� %!4tD Wd W"L[\TC .T" 
T[íC\T4 T[ìIhÙW;ÁG 4� %4QG 4ü C4G]4 4[ WTÁ#DM K[O \GeIB å4N[ 6N[ Xe CD[ U^ì4C[ W_94["4 4[ 
\GM[ÁB (I'X 4� %!4tD Wd å4N[ 6N[ Xe| L[OC M» M[GW_G WEeT Wd X] $\G\ë9C OX[ Xe &W4[ WKWd $\F4 #L[T 
L[OC]N 4_\V IO X] ItC[ Xe| $C# I_Od EdU M» &W4� %4QG .T" (WWd XhGd T[Qd Êì#L[T 4[ $ÜNNG %; .4 $\C 
%TëN4 \TVN Xe| &W $ÜNNG O[O[ I_Od L[OC M» .4 WMN IO X] U^ì4C[ W_94["4 .T" TGíI\C W_94["4 O[O[ W_5d Wd 
(ÙI> \íD\C 4[ WMN IO M_çN["4G .T" \GF[ÁOB å4N[ ;[ W4C[ Xe| &W $ÜNNG M» TVÁ 2009 4� W_5d 4[ %4QG 
WJQC[I_TÁ4 L[OC]N (I'X Wd å4N[ 6N[ Xe| NX $ÜNNG L\TìN M» W_5d 4� \GF[ÁOB 4� \Q. 6å?C W"6?GD M» (INh6 
å4N[ ;[ W4C[ Xe| &W\Q. &WM» (INh6 XhGdT[Qd WL] %!4tD 4[ WMN IO (IQáF XhG[ $\C %TëN4 Xe| &W åEU[ M» 
\T\L> #NÙG å4. ;[ OXd X¾| %; #ÙNd4 åEG 4� %"4td ;eWd &ÝWe>-3$ W]W]@] ;\GC TGíI\C W_94["4 .T" 4çIG[-1 
;\GC WiO \Tå4OB MOSDAC WTÁO IO (IQáF X¾| X[Q X] M» W_5d 4� \Q. \T4\WC W_94["4 W]@]$' (Combined 

Deficit Index) (êN[W /> %Q, 2015) &W åEU[ M» .4 MXÙTI_BÁ 4EM Xe, \;WM» MOSDAC WTÁO Wd (IQáF &ÝWe>-
3$ W]W]@] ;\GC TGíI\C W_94["4 .T" 4çIG[-1 O[O[ %"4\QC TV[Á 4� %!4tD 4[ WJQC[I_TÁ4 (INh6 å4N[ 6N[ 
Xe| L\TìN M» W"L[\TC T[ìIhÙW;ÁG 4çIG[-1 .T" &ÝWe>-3$ W]W]@] Wd (IQáF Xh6[| $C# Ûì4C[ W_94["4 4[ L] 
L\TìN M» %4QG .T" (IQáFC[ MOSDAC WTÁO Wd Xh6[| L\TìN M» %Gd T[Qd &WOh 4� L_\íDO (I'X ;eWd &ÝWe> 3@] 
%O .T" .W 4[ L] #Nh6 &W åEU[ M» WX[N4 Xh6[|   
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\9T \9T \9T \9T 4444. . . . &&&&ÝWe>ÝWe>ÝWe>ÝWe>    3333    $ W]W]@] TGíI\C W_94["4$ W]W]@] TGíI\C W_94["4$ W]W]@] TGíI\C W_94["4$ W]W]@] TGíI\C W_94["4    O[O[ O[O[ O[O[ O[O[ W_5d 4[ W_5d 4[ W_5d 4[ W_5d 4[ %4QG%4QG%4QG%4QG 

%L[O %L[O %L[O %L[O     
&W $ÜNNG M» M[6ÁEUÁG .T" WXNh6 4� \Q. XM Å] CIG åMÅ[, \GEdU4 $"CåOÈ (INh6 412 .T" @f. I]. 4�. I[Q, (I-
\GEdU4 'I].W. 4[ X[åEÁ4 FÝNT[E EdCd X¾| &W4� $\CåOF &W $ÜNNG M» WX[NC[ .T" e\9 4� \Q. '^I $ÜNÈ 
K]I].W @f. #4[U 9iX[G .T" \TL[6[ÜNÈ W].@] Å] 4�. .M. M";^G[D 4[ L] XM FÝNT[E EdCd X¾|  
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response to rainfall and NDVI using the MODIS Vegetation Index Product. International Journal of 

Remote Sensing 45, 16-46. 
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$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6666 

&ÝWe>&ÝWe>&ÝWe>&ÝWe>    3333    @] GfDÁ ¤d> 4[ (ìM]N 9[Q4C[ M[IG .T" C[I[ÝCO 4M 4OGd XdC ̂W^<[T @] GfDÁ ¤d> 4[ (ìM]N 9[Q4C[ M[IG .T" C[I[ÝCO 4M 4OGd XdC ̂W^<[T @] GfDÁ ¤d> 4[ (ìM]N 9[Q4C[ M[IG .T" C[I[ÝCO 4M 4OGd XdC ̂W^<[T @] GfDÁ ¤d> 4[ (ìM]N 9[Q4C[ M[IG .T" C[I[ÝCO 4M 4OGd XdC ̂W^<[T  
åEGdU GiQ5[åEGdU GiQ5[åEGdU GiQ5[åEGdU GiQ5[, , , , ;dåMG K] O[M];dåMG K] O[M];dåMG K] O[M];dåMG K] O[M]    

;] .Q .M @] ;] .Q .M @] ;] .Q .M @] ;] .Q .M @] / / / / 2 I] .M ;] 2 I] .M ;] 2 I] .M ;] 2 I] .M ;] / / / / .M ' .W . .M ' .W . .M ' .W . .M ' .W .     
dnolakha@sac.isro.gov.indnolakha@sac.isro.gov.indnolakha@sac.isro.gov.indnolakha@sac.isro.gov.in    

W[O["UW[O["UW[O["UW[O["U    
&ÝWe> 3 @] (I'X 4ü GfDÁ ¤d> 4ü L]CO] WCX, (I'X 4� #4[U]N W"4�CD 4� M[IG M», $"4�ÈB XdĈ, 4_\ìB4[ \IØ@ 4ü COX 

#N^F XhC] Xe| JQíTeI &W W"I_BÁ åXíWd M» C[IM[G .4WM[G O5G[ %TëN4 XhC[ Xe| (I'X 4� $IG] 4È[ M» ÌÚT] 4� 

9[OD 2O 9¦O Q6[Gd 4� EiO[G, 4W: WMN 4� \Q. W_NÁ 4ü å4OB», I`ÚT] tU (earth view) 4ü åEU[ Wd GfDÁ ¤d> 4� XG]4hãK 

W"O9G[ 4� 4W: L[6 IO \6O4O (W L[6 4[ íD[\G4 C[I Ku[ EdC] X¾, \;WWd GfDÁ ¤d> M» C[I[ÝCO (ÙI> Xh ;[C[ Xe| 25°C 

Wd 30°C C4 4� C[I[ÝCO 4ü T;X Wd, (W WMN[T\F 4� \Q. (I'X Wd #d\VC %"4tD 4ü \TëTWG]NC[ 4M Xh ;[C] Xe| GfDÁ 

¤d> 4� (ìM]N 2êNM[G 4h Ku[4O C[I[ÝCO 4h 4M 4OGd 4[ #N[W å4N[ 6N[| &W XdĈ 2 åMM] Mh>[' T[Q] .Q^åM\GNM 

¤d> 4h GfDÁ ¤d> 4ü 1 åMM] T[Q] WCX] ¤d> IO Q6[4O (ìM]N 2êNM[G Ku[G[ \G\ë9C å4N[ 6N[| (I'X 4� ¥['> Mf@Q 

M» &W N^\F 4h $IG[Gd Wd IXQd &W4[ C[I]N W"O9G[ Mf@Q, (structural thermal model, STM) IO IO]ÈB å4N[ 6N[| 

#íĈC IT M» &W N^\F 4� W[D, GfDÁ ¤d> 4ü (ìM]N 9[Q4C[ 4ü 6BG[, (W4[ IO]ÈB .T" IåOB[M 4h EU[ÁN[ 6N[ Xe| 

6BG[ O[O[ &W WMíN[ 4� M_Q 4h WM< 4O, .4 $ÝN (I[N 4h #íĈC å4N[ 6N[ Xe CD[ (WWd C[I[ÝCO M» 4M] 4h 

We;["\C4 eI Wd WM<[N[ 6N[ Xe|  

#íC[TG[#íC[TG[#íC[TG[#íC[TG[    
&ÝWe> 3 @] (I'X 4� 4È]N áMB 4� EiO[G, #\CåEG 4W: WMN 4� \Q. 

WiO å4OB» GfDÁ ¤d> 4� .4 :h>d Wd L[6 IO %I\CC XhC] Xe| XG]4hãK 

W"O9G[ 4ü Mh>[' K�C X] 4M (M[&ChG M») XhGd Wd &G W"O9G[2" 4[ 

(ìM]N 2êNM[G K�C 4M XhC[ Xe, IåOB[M íTeI &W åXíWd 4� C[IM[G 

M» Cd;] Wd T̀\; Xh ;[C] Xe 3O NX .4WM[G C[IM[G T[Q] WCX 4ü 

COX 4[NÁ GXù4O I[C] Xe| (I'X (W WMN[T\F 4� \Q. EhV N^F 

%"4td #d\VC 4OC[ Xe N[ $ÝN UáED M», (I'X (W EiO[G $G^IN[6] Xh 

;[C[ Xe| GfDÁ ¤d> 4ü :Ç[G^M[ N[ XG]4hãK W"O9G[, \;WM» .4 X] 

COJ 1 åMM] Mh>[' T[Q] WCX] ¤d> Q6] XhC] Xe, 4[ (ìM]N 2êNM[G 4[Jü 4M XhGd 4h C[I[ÝCO 4ü WMíN[ 4[ .4 

4[OB M[G[ 6N[| &W4� WM[F[G XdĈ %';d4 O[O[ 2 åMM] 4ü $\CåOF ¤d> 4h 1 åMM] T[Q] WCX] ¤d> IO Q6[Gd 4[ 

W^<[T åEN[ 6N[| (ìM]N N["\T4ü 4� W[M[ÝN WM]4OB Q = m cp dT, Wd NX íI` D[ å4 2êNM[G (m) Ku[Gd Wd C[I[ÝCO 

(dT) 4M Xh ;[.6[| &W4� \Q. Kud �. 2êNM[G .T" (ìM[ 4� %ICG 4ü WCX 4� MÜN (g (ìM[ 9[Q4C[ 4[ XhG[ ;eO] 

Xe| &W] 4� WÙN[IG XdĈ, ¥['> Mf@Q M» &Wd $IG[Gd Wd IXQd, C[I]N W"O9G[ Mf@Q (STM) 4ü GfDÁ ¤d> M» W"TFÁG4O Kud �. 

2êNM[G 4� W[D GfDÁ ¤d> 4[ (ìM]N 9[Q4C[ 4[ M[IG å4N[ 6N[|  

We;[\ÝC4 6BG[ We;[\ÝC4 6BG[ We;[\ÝC4 6BG[ We;[\ÝC4 6BG[     

:ÇdG^M[ W"O9G[ 4ü (ìM]N 9[Q4C[ 4[ %\F4[åO4 M[G, 4' #9[Q4D IO \GLÁO XhGd Wd (IQáF %"4t[ �hCD Wd WX]-

WX] M[Q_M GXù å4N[ ;[ W4C[| UhF ITD M» #[o \TTOBD Wd IC[ 9QC[ Xe å4, EhGD COJ WCX] ¤d> T[Q] :ÇdG^M[ W"O9G[ 
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4ü (ìM]N 9[Q4C[ 4[ M[G Q6L6 200 Wd 250 w/m2 k M[I[ 6N[ Xe| :ÇdG^M[ W"O9G[ 4� ;å>Q #4[O 4[ XhGd Wd &WMd 

(ìM]N W"9OB L] ;å>Q XhC[ Xe| /W] IåO\íD\C M» CD[ %"4tD क5 4M (IQáFC[ 4ü T;X Wd $\L4çI N[ #íC[T 4[ 

WÙN[IG 4OG[ 3O L] ;eO] Xh 6N[|  

G]9d C[\Q4[ 1 M» I[O"IåO4 CO]4� Wd :ÇdG^M[ W"O9G[ å4 (ìM]N 9[Q4C[ 4ü 6BG[ 4h EU[ÁN[ 6N[ Xe|  

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 1111 :ÇdG^M[ W"O9G[ 4ü (ìM]N 9[Q4C[ 4ü 6BG[ 

&W 6BG[ M» :ÇD 4� 4ÈD M» %IW M» XhGd T[Q] \Tå4OBD 4� #L[T 4h G6ØN M[G[ 6N[ Xe|  

GfDÁ GfDÁ GfDÁ GfDÁ ¤d> ¤d> ¤d> ¤d> å4å4å4å4    (ìM]N 9[Q4C[ 4[ M[IG(ìM]N 9[Q4C[ 4[ M[IG(ìM]N 9[Q4C[ 4[ M[IG(ìM]N 9[Q4C[ 4[ M[IG    

¥['> Mf@Q M» &W W^<[T 4� Q[6_ 4OGd Wd IXQd 

&W4[ #[Nh\64 WÙN[IG .W >] .M Mf@Q 4ü 

GfDÁ ¤d> IO å4N[ 6N[| GfDÁ ¤d> 4� 1 åMM] 

T[Q] WCX] ¤d> 4� )IO 2 åMM] Mh>[' T[Q] 

.çN^åM\GNM ¤d> (ÈdTJQ 0.176 M]2) 4h .4 

F[Ĉ2" 4h \9I4[Gd T[Qd \TUdV ÌQ_, “' W] 

2216” Wd \9I4[ åEN[ 6N[| &WM» EhGD ¤d>D 4[ 

WMCQC[ 4[ M[G (g 4hå> 4[ O5[ 6N[ 

\;WWd &G EhGD ¤d>D 4� MÜN KdXCO W"I4· KG[ OXe| 2 åMM] T[Q] $\CåOF ¤d> 4[ 2êNM[G 1.9 kg D[| GfDÁ ¤d> 4� å4W] 

åXíWd \TUdV M» \Tå4OBD 4h \6O[4O C[I[ÝCO (ÙI>4O (Wd M[IG[ 4[Jü ;å>Q D[, $C# &W W"T\FÁC ¤d> 4ü (ìM]N 

9[Q4C[ M[G 4h M[IGd 4[ CN å4N[ 6N[| Q = U.A.dT, WM]4OB O[O[ CN N[ \G\ë9C (ìM[ L[O Ed4O, ¤d> 4� EhGD WCXD 

IO C[I M[GD M» $"CO 4h É[C4O (ìM]N 9[Q4C[, U 4[ %4QG å4N[ ;[ W4C[ Xe| &W XdĈ 2 åMM] ¤d> 4� )IO (ìM]N 

L[O #E[G 4OGd XdĈ 8 X]>OD 4h .4WM[G eI Wd ¤d> IO Q6[N[ 6N[, ;eW[ å4 \9T 2 M» åE5[N[ 6N[ Xe| C[I[ÝCO å4 

6BG[ 4� \Q. ¤d> 4� EhGD 2O C[I M[IG XdĈ 6 íD[GD IO \L>-\L> C[I W"W_94D 4h íD[\IC å4N[ 6N[| :ÇD T[Q] GfDÁ 

¤d> 4ü COJ, :ÇD 4ü 4M;hO W"O9G[ 4� 4[OB C[I W"W_94 Q6[Gd M» 4[Jü åE¦C �'|  

WL] X]>O 4h Å̀"5Q[ M» ;ht4O, TDK Lambda 4�IG] 4� GEN 0-60 v to 0-7 A );[Á çhC Wd U\F #E[G 4ü 6'| ¤d> 4h 

E] 6' (ìM[ 4[ $ÝN CO]4D Wd è[W XhGd Wd K9[Gd 4� \Q. W"I_BÁ ¤d> 4� )IO] L[6 4h (ìM[ #\COhFh IOCD Wd A!4 åEN[ 

C.W". IE[DÁ Mh>[' X, M] M»  (ìM]N 9[Q4ÙT, k, 
w/m k M» 

(ìM]N $TOhF4C[, X/k, 
m2 k /w M» 

1 :ÇdG^M[ W"O9G[ N[ XG]4hãK W"O9G[ 
(7GÙT 50å4'[M/M]3) 

0.020  4.2 0.00476 

2 .\QåM\GNM WCX ¤d>  0.001 160 0.00000625 
3 EC2216 ÌQ_ 0.0002 0.394 0.0005 
4 $\CåOF .Q^åM\GNM ¤d>  0.002 160 0.0000125 

∑ X/K 5.278x10-3 

U = 1/ ∑ X/K 189 w/m2 K 
We;["\C4 6BG[2" O[O[ XG]4hãK ¤d> 4[ $G^M[\GC (ìM]N 9[Q4C[ 4[ M[G (2 åMM] 
Mh>] $\CåOF ¤d> 4� W[D CD[ 2 4� W^OÈ[ 6̂B4 4� W[D)     

94.3 w/m94.3 w/m94.3 w/m94.3 w/m2222    KKKK    
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6N[| CÙIë9[C ¤d> 4� :ÇD T[Qd åXíWd Wd (ìM[ 4h Q6[C[O \TíD[\IC 4OCd OXGd 4� \Q., ¤d> 4� &W åXíWd 4h C[I \GT[ÁC 

4È å4 \GãG C[I T[Q] ¤d> 4� W[D \T4üOB eI Wd WãK"\FC4O åEN[ 6N[| ;eW[ 4ü \9T 2 .T" 3 Wd íI` XhC[ Xe|  
 

GiDÁ ¤d> 4� )IO] WCX IO E] 6' 

(ìM[ 4h G]9d T[Q] :ÇD G^M[ W"O9G[ 

WCX 4ü COJ Wd Q6[C[O \TíD[\IC 

4OGd 4� \Q., C[I \GT[ÁC 4È 4� 

%F[O I� 4h CEG^eI C[IM[G IO 

KG[. O5[ 6N[| &W COX Wd GfDÁ ¤d> 

4� :ÇD T[Qd L[6 4h \GT[ÁC 4È 4� %F[O I� O[O[ &\Ï:C C[IM[G IO KG[. O54O (ìM]N 9[Q4C[ 4ü 6BG[ XdĈ 

%TëN4 #9[Q4D 4� M[G 4h É[C4O \QN[ 6N[| 2 åMM] 4ü ¤d> IO Q6d (ìM]N C"Ĉ2" (X]>OD) O[O[ \G\ë9C (ìM[ 

Q6[C[O E] 6'| C[IM[G 4� W[ãN $TíD[ M» %Gd 4� K[E WL] W"W_94D 4[ I?G4O C[I[ÝCO É[C4O \QN[ 6N[| &G WL] 

%"4tD 4h \GãG C[\Q4[ 2 M» åE5[N[ 6N[ Xe|  

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 2222 %F[O I� 4� \T\L> C[IM[GD IO (ìM]N 9[Q4C[ 4ü 6BG[ 

CM 
W"ËN[  

%F[O I� 
4[ C[IM[G 
°C 

dT1 
°C 

dT2 
°C 

dT3 
°C 

dT4 
°C 

dT5 
°C 

dT6 
°C 

3WC 
C[I[ÝCO 
dT, °C 

(ìM]N 
9[Q4C[, 
U, w/m2K 

1 25 3.40 9.10 8.80 6.30 4.30 11.40 7.22 40.74 
2 0 8.40 12.10 11.70 11.40 9.30 14.30 11.20 26.25 
3 -25 12.30 16.80 16.60 16.20 13.10 20.30 15.88 18.51 

 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 3333 (ìM[ 4ü \T\L> M[T[2" 4� \Q. (ìM]N 9[Q4C[ 4ü 6BG[ 

IO]ÈB 4� IåOB[M .T" \TTd9G[IO]ÈB 4� IåOB[M .T" \TTd9G[IO]ÈB 4� IåOB[M .T" \TTd9G[IO]ÈB 4� IåOB[M .T" \TTd9G[    

GfDÁ ¤d> 4[ (ìM]N 9[Q4C[ M[G, \W"4 ¤d> 4� \T\L> C[IM[GD IO CD[ #E[G 4ü 6' \T\L> (ìM[ M[T[2" 4� \Q. Q6L6 
20 Wd 47 w/m2 k 4� MÜN #[o �%| \T\L> UhF ITD M» EhGD COJ 4ü WCX] ¤d>D T[Q] :ÇD G^M[ W"O9G[ 4ü (ìM]N 
9[Q4C[ 4[ M[G 200 Wd 250 w/m2 k 4� %WI[W É[C �% Xe ;h XM[Od O[O[ É[C M[G (.4 WCX] ¤d> 4� W[D) Wd $\F4 
Xe| &W4[ 4[OB :ÇD G^M[ W"O9G[ 4� FGÙT, (G4ü Mh>[' .T" E[K \;W4� O[O[ WCX] ¤d>h 4h :ÇD 4� W[D ;ht[ 6N[ Xe, IO 
\GLÁO 4OC[ Xe, ;h \T\L> ¤d>D M» \L> XhGd Wd NX $"CO Xh W4C[ Xe| (ìM]N 9[Q4C[ 4[ M[G 4[Jü 4M XhGd Wd (ìM]N 
2êNM[G Ku[Gd 4� K[T;_E (ìM[ 4[ íD[G["COB U]ëC[ Wd GXù XhGd Wd NX (I[N ÑN[E[ #L[T] GXù OX[| JQíTeI Ku[N[ 
�% (ìM]N 2êNM[G C[I[ÝCO 4h 4M 4OGd M» MEE6[O W[\KC GXù Xh W4[| &G EhGD M_Q 4[OBD 4h ;[GCd �., $ÝN 

CM 
W"ËN[ 

(ìM[ 4ü 
M[T[, Watt 

dT1 
°C 

dT2 
°C 

dT3 
°C 

dT4 
°C 

dT5 
°C 

dT6 
°C 

3WC dT 
°C 

(ìM]N 
9[Q4C[, 
U 
w/m2K 

1 10 1.40 2.40 1.30 1.60 2.10 2.70 1.92 29.74 
2 20 1.30 3.30 0.90 1.80 3.20 3.90 2.40 47.34 

3 50 3.40 9.10 8.80 6.30 4.30 11.40 7.22 40.74 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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(I[ND 4[ $ÜNNG å4N[ 
6N[| (ìM]N 2êNM[G 
Ku[Gd 4� \T4çI 4h #L[T] 
KG[Gd XdĈ, (ìM]N 
$TOhF4C[ M[G 4[ 4M 
XhG[ ;eO] D[| :ÇD G^M[ 
W"O9G[ 4ü Mh>[' QÌL6 
100 M[&ChG CD[ (W4[ 
WCX] ¤d> Wd 4M;hO W"I4·, 
å4W] COX E_O4O XM &WM» 
4[Jü W^F[O Ed5 W4Cd Dd| 
.4 X] ¤d> Wd KG[N] å4W] :Çd G^M[ W"O9G[ CD[ WCX] ¤d> 4[ íD[G]N (ìM[ 4ü T;X Wd (ÙI> XhGd T[Qd C[I[ÝCO 4[ 
We;["\C4 CiO IO $ÜNNG Wd NX íI` �% å4, &W COX 4� #N[W Wd C[I[ÝCO M» 4[Jü 4M] Q[N] ;[ W4C] Xe|  

    

\Gì4VÁ \Gì4VÁ \Gì4VÁ \Gì4VÁ     
.4-WCX] :ÇdG^M[ W"O9G[ 4ü (ìM]N 9[Q4C[, EhGD WCXD 4� K]9 4M WCX] W"I4· XhGd Wd CD[ (\9C EK[T 4ü 
$G^I\íD\C Wd, 4M Xh ;[C] Xe| IåOB[M íTeI, WCX] ¤d> IO (ìM]N 2êNM[G Ku[ 4O, C[I[ÝCO 4h 4M 4OGd 4� #N[WD 
4[ #L[T] $WO Ed5Gd 4h GXù åMQ[| (F IO]ÈB .T" We;["\C4 6BG[2" Wd NX íI` Xh 6N[ 4ü (ìM]N 9[Q4C[ 4� M[G 
4h Ku[Gd 4� \Q., $\CåOF (ìM]N 2êNM[G 4h :ÇD å4 W"O9G[ M» WM[\T` 4OG[ Xh6[ | &WWd íD[\G4 C[I M[G $\F4 
GXù Kud6[| (IQáF W"W[FGD O[O[ /W[ \GM[ÁB XM .4 X] M_Q ¤d> Wd :ÇD 4ü W"O9G[ CD[ WCX] ¤d> 4[ \GM[ÁB 4O4� 4O 
W4Cd X¾| &W COX 4ü ¤d> 4ü 9[Q4C[ 4[ M[G, (ìM]N W"I4· $TOhF[4C[ 4� WM[o Xh ;[Gd Wd .T" :ÇD 4ü W"O9G[ 4ü 
Mh>[' Ku ;[Gd Wd, :ÇD M» C[I[ÝCO 4[ M[G 4[Jü 4M Xh W4C[ Xe| We;["\C4 6BG[2" Wd É[C �% å4 &WWd C[I[ÝCO 3°C 
Wd 4°C C4 OX W4C[ Xe| &Wd ÜN[G M» O54O GN[ $\L4çI CeN[O å4N[ ;[ OX[ Xe, \;WM» (ìM]N 9[Q4C[ M[G 4� W[D-
W[D GfDÁ ¤d> 4� 2êNM[G .T" C[I[ÝCO 4[ &`CM W"Nh;G Xh W4�, &W4[ \TUdV ÜN[G O5[ ;[ OX[ Xe|     

%L[O%L[O%L[O%L[O    

åX"E] C4G]4ü W"6h�] M» $IG[ Qd5 #íĈC 4OGd 4[ $TWO #E[G 4OGd XdĈ W"6h�] WåM\C 4[ %L[O êNF 4OCd Xe| 

Qd546B #F[G, ;] .Q .M @], Å] . I] ThO[ 4� %L[O] X¾, \;G4� C4G]4ü M[6ÁEUÁG .T" (ÙW[X TFÁG Wd XM C[I[ÝCO 4h 

4M 4OGd 4� #N[W M» WCC #NÙGU]Q Xe | Qd546B, '^I #F[G, 2 I] .M ;], Å] \9O[6 E]T[G .T" WM_X \GEdU4, .M ' 

.W ., Å] . .M <[ 4� %L[O] X¾, \;ÝXDGd XM» &W COX 4[ IO]ÈB, \TëQdVB 4OGd 4� \Q. #dOB[ E]| W[D X] XM C[I \GT[ÁC 

W^\TF[, .T" (ìM]N \TL[6 4� %L[O] X¾, \;G4� WXNh6 4� \KG[ &W IO]ÈB 4h I_O[ 4OG[ W"LT GXù D[| Qd546B åX"E] 

\TL[6 4[ L] %L[O êNF 4OCd X¾, \;G4ü WX[NC[ Wd NX Qd5 W"6h�] M» Ld;[ ;[ W4[|  

  

***
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$"CåOÈ \TÉ[$"CåOÈ \TÉ[$"CåOÈ \TÉ[$"CåOÈ \TÉ[G åMUG .T" $G#̂Nh6G åMUG .T" $G#̂Nh6G åMUG .T" $G#̂Nh6G åMUG .T" $G#̂Nh6 

9Ý2N[G9Ý2N[G9Ý2N[G9Ý2N[G ----1111    >],MW]>],MW]>],MW]>],MW]    ((((TMC)TMC)TMC)TMC)    4� 4� 4� 4� (g QdTQ #h@Ê>(g QdTQ #h@Ê>(g QdTQ #h@Ê>(g QdTQ #h@Ê>    .T".T".T".T"    (INh\6C[.!(INh\6C[.!(INh\6C[.!(INh\6C[.!        
4> $äNO4> $äNO4> $äNO4> $äNO    .T".T".T".T"    WĜ"E[ \TTdE]WĜ"E[ \TTdE]WĜ"E[ \TTdE]WĜ"E[ \TTdE]    

'MdQ: kannan@sac.isro.gov.in, sunanda@sac.isro.gov.in 

.9 %O @] I] @] / .W0I]0@]0W]0;]0, W"4�C .T" #\C\KãK W"W[FG ÈdT 

$"CåOÈ (INh6 412, $XME[K[E – 380015 

1111. . . . IåO9NIåO9NIåO9NIåO9N    

9Ý2N[G-1 (I'X Wd XM» >],MW] (>dOdG Me\I"6 4�MO[) \T4 \9T 9Ý2 4ü WCX 4� #E[G î/ X¾| 4O]K 40 #\CUC 9Ý2 4ü 
WCX 4� \9T #[o å4. 6. X¾| >],MW] \9T, &"å@NG íIdW W['"W @d>[ W»>O (ISSDC), ;h Kd6Q^� 4� I[W K[NQ[Q^ M» Xe, 
TX[ W"'X å4. 6. X¾| Nd @[>[ We4 IdQh@ 0IOdUG W»>O (POC), $XME[K[E 4h (IQáF 4O[. ;[Cd X¾, (g QdTQ 4� 
#h@Ê> #;GG4O Gd \Q. 'X-\TÉ[G M» IXQ] K[O I_O] í>Ä]I @[>[ 4ü #\CN[ 4O @dM .T" 0D® \9T (ÙI[EG å4. 6. X¾, 
We4 IdQh@ 0IOdUG W»>O (POC), $XME[K[E M»| NX $IGd %I M» 9^GiC] I_BÁ #\CN[  Xe, ;h 4[Jü $FäNG .T" IO]ÈB 
4� K[E I_O] 4ü 6' X¾| &W 9Ý2 4� @dM .T" 0D® \9T Wd 4[Jü (IQ\áFN[" #[o 4ü ;[ W4C] X¾ 3O 9Ý2 4ü WCX 4h 
ÊL[\VC .T" \TëQdVB4O W4Cd X¾| Nd >dÊG]4Q #Qd5G N[G-1 >],MW] @[>[ 4� \T\TF @[>[ (ÙI[åEC 4� K[Od M» W_9G[." 
.T" (INh\6C[.! $T6C 4O[C[ Xe|  

2222. . . . (g QdTQ #h@Ê>(g QdTQ #h@Ê>(g QdTQ #h@Ê>(g QdTQ #h@Ê>    

>],MW] C]G \9T .4W[D 9Ý2 4ü FO[ Wd $\;ÁC 4OC[ Xe [1]| 9Ý2N[G-1 (I'X 4ü 100 å4M]. (9[' Wd \9T \Q. 6. 
X¾| >],MW] M» C]G 4�MdOd Xe ;h .4 W[D %6d, MÜN .T" I]:d $TQh4G \T\F Wd \9T #[o 4OCd X¾ (%4_\C-1)| >],MW] 
\9T 4ü 5åM. \TLdE] 3O 20 å4M]. #M[;Á X¾, 400-900GdGh. Kd@ M»| >],MW] 4[ I_BÁ QdTQ-0 #h@Ê> We4 IdQh@ 0IOdUG 
W»>O (POC), $XME[K[E M» W"'X X¾ 2O Nd X] M̂ËN \GTdU Xe (g QdTQ #h@Ê> (ÙI[EG 4OGd M»| >],MW] \9T 4h 9Ý2 
L_åM \K"Ê2" (Lunar Control Point) .T" ÑN[åMC]N Mf@Q 4ü #\CN[  Wd @dM (DEM) .T" 0D® (orthoimage) 

#h@Ê>W KG[. 6. X¾| >],MW] @dM (DEM) &íCdM[Q4O 4� 0D® (orthoimage) #h@Ê>W 5åM. \TLdE] Wd (ÙI[åEC å4. 
6. X¾| &W (g QdTQ #h@Ê> (ÙI[EG [2] 4� \Q. .4 Wfà>TdNO \T4\WC å4N[ 6N[ Xe, \;W4� \GOÝCO #Nh6 Wd #h@Ê> 
KG[. 6. X¾| 
TF 4� W[D &W 
Wfà>TdNO 

(software)M» 
L] 4' G. 
$ç6håODM 4� 
W[D (Wd KdXCO 
KG[N[ 6N[ Xe 
\;W4[ WJQ 
IåOB[M XM» 
åMQ[ X¾| &W 
Wfà>TdNO 4[ 
G[M ‘Q_GO 
å@\;>Q 
.\QTdUG Mf@Q 
\Wí>M (Lunar 

Digital 

Elevation 
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Model System)’ 4O[O å4N[ 6N[ Xe (%4_\C-2), @dM 10 åM. ;[Q] (grid) $"C6ÁC (ÙI> å4. 6. X¾|  
3333. . . . >],MW] $\;ÁC @[>[ >],MW] $\;ÁC @[>[ >],MW] $\;ÁC @[>[ >],MW] $\;ÁC @[>[     

9Ý2 4ü WCX 4� 40 % @[>[ 
W"4QG å4. 6. X¾| 9Ý2N[G - 1 
(I'X I_BÁ 9Ý2 4ü WCX 4� \9T 
GXù Qd I[N[, 4O]K 40 #\CUC 9Ý2 
4ü WCX 4� \9T #[IC å4. 6. X¾| 
IO"Ĉ &CG[ @[>[ L] ÊL[\VC .T" 
\TëQdVB 4� \Q. 4[Jü (INh6] Xe|   

   

4444. . . . >],MW]>],MW]>],MW]>],MW]    @dM .T" 0D® \9T 4ü @dM .T" 0D® \9T 4ü @dM .T" 0D® \9T 4ü @dM .T" 0D® \9T 4ü 
(INh\6C[.!(INh\6C[.!(INh\6C[.!(INh\6C[.!    

@dM (DEM) .T" 0D® (orthoimage) #h@Ê>W 4ü \T\TF (INh\6C[.! X¾, ;eWd å4 2.5 IåOtëN, 3@] tëN, %Ï:åEC 
\9T, 9Ý2 M[G\9T, .G[ÌQ]J #h@Ê>W &ÙN[åE| &G4� #Nh6 Wd 9Ý2 4ü WCX ÊL[\VC .T" \TëQdVB 4� #Nh6 M» 
(INh6] X¾| 4[Jü TeÉ[\G4D Gd &W @[>[ 4[ #Nh64O 4� C4G]4ü #Qd5 \Q5d X¾| @dM 9Ý2 4ü WCX Wd )IO-G]9d T[Qd 
;M]G/6ñd 4[ É[G #E\UÁC (%4_\C-4) 4OC[ Xe, Nd ;[G4[O] Wd \T\L> eI Wd 6ñd 4[ \TTOB- \TëQdVB 4� 4M % 
W4C[ Xe| @dM 4� 2.5 IåOtëN Wd 6ñd 4ü 6XO[', A[Q .T" 7GÙT 4� K[O M» WM<[ ;[ W4C[ Xe|     

Legend
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%4_\C%4_\C%4_\C%4_\C----4444: : : : @dM \9T@dM \9T@dM \9T@dM \9T4çI4çI4çI4çI    

%Ï:åEC \9T EUÁG (%4_\C-5, 6) L] &W] COX \TëQdVB 4� #Nh6 M» MXÙTI_BÁ Nh6E[G W_9G[." #E[G 4OCd X¾| 3O 
$\F4 M» .G[ÌQ]J #h@Ê>W, &Wd .G[ÌQ]J /G4 Wd Ed5[ ;[C[ Xe, CL] %I 3@] 4[ $G^LT4O I[ W4Cd X¾| &W4[ 
MXÙT NX Xe å4 \KG[ å4W] N"T #Nh6, %I 3@] 4X] L] Ed5 W4Cd Xh NX IT (Paper) #h@Ê>W Qd 4�| 0D® #h@Ê>W 
Wd 9Ý2 L_tëN M[G \9T #;GG å4. 6. Xe, ;h $"CåOÈ \TÉ[\G4h 4� \TëQdVB 4� #Nh6 M» (INh6] OX»6d| Nh6E[G 
#E[G 4OCd X¾|  
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%4_\C%4_\C%4_\C%4_\C----6666: : : : 9Ý29Ý29Ý29Ý2    IO IO IO IO MhOdC>W 6MhOdC>W 6MhOdC>W 6MhOdC>W 6§d §d §d §d 4[ 5"@4[ 5"@4[ 5"@4[ 5"@, , , , E]E]E]E]. . . . 11115555----GTGTGTGT....----2222008008008008    4h >],MW] 4h >],MW] 4h >],MW] 4h >],MW] 4�MdO[4�MdO[4�MdO[4�MdO[    Wd #[oWd #[oWd #[oWd #[o    
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%4_\C%4_\C%4_\C%4_\C----7777    ::::.G[ÌQ]J #h@Ê>W.G[ÌQ]J #h@Ê>W.G[ÌQ]J #h@Ê>W.G[ÌQ]J #h@Ê>W    

 

%4_\C%4_\C%4_\C%4_\C----8888::::    9Ý2 L_tëN M[G\9T9Ý2 L_tëN M[G\9T9Ý2 L_tëN M[G\9T9Ý2 L_tëN M[G\9T    

4444.... \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
9Ý2N[G-1 >],MW] @dM (DEM) .T" 0D® (orthoimage) #h@Ê>W, >],MW] 4� (g QdTQ #h@Ê> Xe, \;W4[ MXÙTI_BÁ 
(INh6 å4N[ ;[ W4C[ Xe| Nd @dM .T" 0D® #h@Ê>W 4� \T\TF (INh\6C[.! X¾, ;eWd 2.5 IåOtëN, 3@] tëN, %Ï:[åEC 
\9T, 9Ý2 M[G\9T, .G[ÌQ]J #h@Ê>W &ÙN[åE ;h )IO \TL> %4_\CND M» EU[ÁN] 6' X¾, &G4� #Nh6 Wd 9Ý2 4ü WCX 
ÊL[\VC .T" \TëQdVB 4� #Nh6 M» (INh6] X¾| (I'X 9Ý2N[G-2 ;h 4O]K] WMN M» Q["9 å4N[ ;[Gd T[Q[ Xe, Nd W[Od 
#h@Ê>W 9Ý2N[G-2 @[>[ (ÙI[EG M» K�C (INh6] \W; XD6d|  
5555....     W"ELÁW"ELÁW"ELÁW"ELÁ    
ò) 9Ý2N[G-1 @[>[ #h@Ê>W (ÙI> #B[Q] 
   N[G-1/@]I]/Wd4/W]I/ .W0I]0@]0W]0;]0/>].G-/M' 2009 

¡) 9Ý2N[G-1 >],MW] @dM .T" 0D® M_çN["4G O]Ih>Á 
   N[G-1/@]I]/Wd4/W]I/ .W0I]0@]0W]0;]0/>].G-09 /\WCãKO 2012 

***    
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT    

L\TìN 4� L[OC]N $"CO(I'X]N $"CåOÈ $\LN[GD 4� \Q. (INh6] Odå@NhFMú L\TìN 4� L[OC]N $"CO(I'X]N $"CåOÈ $\LN[GD 4� \Q. (INh6] Odå@NhFMú L\TìN 4� L[OC]N $"CO(I'X]N $"CåOÈ $\LN[GD 4� \Q. (INh6] Odå@NhFMú L\TìN 4� L[OC]N $"CO(I'X]N $"CåOÈ $\LN[GD 4� \Q. (INh6] Odå@NhFMú 
C[ITea^C (ÙI[E4C[ITea^C (ÙI[E4C[ITea^C (ÙI[E4C[ITea^C (ÙI[E4    ((((Radioisotope Thermoelectric GeneratoRadioisotope Thermoelectric GeneratoRadioisotope Thermoelectric GeneratoRadioisotope Thermoelectric Generatorrrr, , , , RTGRTGRTGRTG): ): ): ): 4W: 4W: 4W: 4W: 

%O"\L4 $ÜNNG%O"\L4 $ÜNNG%O"\L4 $ÜNNG%O"\L4 $ÜNNG    

\TTd4 4WM[O \W"X\TTd4 4WM[O \W"X\TTd4 4WM[O \W"X\TTd4 4WM[O \W"X    

C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6    

$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E    

singhvivek@sac.isro.gov.insinghvivek@sac.isro.gov.insinghvivek@sac.isro.gov.insinghvivek@sac.isro.gov.in, , , , 079079079079----26914426269144262691442626914426    

 

W[O["UW[O["UW[O["UW[O["U    

L[OC]N $"CåOÈ $G^W"F[G W"6?G (&WOh) Gd TVÁ 2009 M» 9"2N[G-1 4[ WJQ #ÈdIB å4N[| TVÁ 2013 4� $"C M» &WOh 
Gd M"6Q 'X 4ü N[T[ M"6Q 4È]NN[G $\LN[G (Mars Orbiter Mission) Wd %O"L 4ü| \G4> L\TìN M» &WOh $ÝN 
$"CO (I'X]N $\LN[GD 4ü 2O $IGd 4EM Ku[ OX[ Xe| &GM» Wd $L] 9"2N[G-2 IO 4[NÁ 9Q OX[ Xe| L\TìN 4� $"CO 
(I'X]N $\LN[GD M» $"CåOÈN[G 4� \T\L> (I4OBD 4h );[Á #E[G 4OGd 4� \Q. Odå@NhFMú ÈN (Radioactive 

decay) IO %F[åOC (I4OB, Odå@NhFMú C[ITea^C (ÙI[E4, %O>];] (Radioactive Thermoelectric Generator, 

RTG) .4 KdXCO \T4çI Xh W4C[ Xe| &W Qd5 M» %O>];] 4ü (INh\6C[, 4[NÁ 4[ \W;["C, W"O9G[, Q[LD T 4W: 
%O"\L4 #[Nh\64 IO]ÈBD 4[ TBÁG å4N[ 6N[ Xe|  

1.1.1.1.#íC[TG[#íC[TG[#íC[TG[#íC[TG[    
18 ;^Q[', 1980 4h L[OC 4� W^E_O E\ÈB M» \íDC Å]XåO4h>[ 4� WC]U FTG $"CåOÈ 412 Wd ‘.W.QT]-3’ G[M4 (I'X 
#Mh9G N[G (Satellite Launch Vehicle) 4� WJQ #Mh9G 4[ ;h U^L[O"L �% TX \GÙN GN] )!9[&ND 4h :�C[ �% 
$GTOC eI Wd ;[O] Xe| &WOh Gd $L] C4 �^T]N (I'X #Mh9G N[G, I].W.QT] (Polar Satellite Launch Vehicle, 

PSLV) T W_NÁ ĈçN4[Q] (I'X #Mh9G N[G, ;].W.QT] ( Geosynchronous Satellite Launch Vehicle, GSLV) 
4[ WJQC[I_TÁ4 \T4[W .T" #9[QG å4N[ Xe| TVÁ 2013 4� $ÝC C4 I].W.QT] 4ü 25 WJQ (t[G» Xh 9^4ü X¾ T TVÁ 
2014 4� %O"L M» ;].W.QT] L] $IG] %?Tù (t[G 4� \Q. CeN[O Xe [1]| 4 >G 4� (I'XD 4h W_NÁ ĈçN4[Q] $"COB 
4È[, ;]>]2 (Geo-transfer Orbit, GTO) M» #Èd\IC 4OGd 4� \Q. ;].W.QT] Mf4-3 (GSLV-MK3) #Mh9G N[G 
4[ \T4[W I_Od ;hOD IO Xe T TVÁ 2014 M» &W4ü IXQ] #[Nh\64 (t[G 4ü W"L[TG[ Xe [2]| $çI Q[6C T 4[NÁ 4WUQ 
\TëTíCO]N #Mh9G N[GD 4� \T4[W 4[NÁCMD 4� $"C6ÁC &WOh #iah\64ü #EUÁ4 I^GOhINh6] #Mh9G N[G (Reusable 

Launch Vehicle-Technology Demonstrator, RLV-TD) T T[N^ ëTWG GhEG (Air Breathing Propulsion) 
#B[Q] IO L] 4[NÁ 4O OX[ Xe| WGj 2007 M» .W%O' (Space Recovery Experiment, SRE) IåONh;G[ 4� $"C6ÁC 
&WOh Gd $"CåOÈ Wd I`ÚT] 4� T[N^M"@Q M» ÎG# #TdU 4OGd 4ü ÈMC[ $\;ÁC 4ü| E_OW"9[O 4� ÈdT M» &WOh 4� O[O[ #Èd\IC 
å4. 6. %'%O.W (IRS) .T" &ÝWe> (INSAT) (I'X Q6[C[O #M^5 L_åM4[ \GL[ OXd X¾| &G (I'XD 4ü ÈMC[ 4h åEG 
IO åEG KdXCO KG[Gd 4� #N[W ;[O] X¾| E_O \UÈ[ 4� ÈdT M» .@_We> (EDUSET) G[M4 (I'X WO[XG]N L_åM4[ $E[4O 
OX[ Xe| %M %EM] 4� åXC 4h ÜN[G M» O54O &WOh 4� O[O[ #[O"L å4. 6. #N[W ;eWd E_O\9å4ÙW[ (Tele Medicine), 

E_O\UÈ[ (Tele Education) %IE[ 9dC[TG] (Disaster Warning) &ÙN[åE 4ü êN[I4 WO[XG[ 4ü 6' Xe|  

#Mh9G N[GD .T" (I'XD 4ü $\L4çIG[ .T" WJQC[I_TÁ4 IåO9[QG4O &WOh Gd L[OC 4h \T4\WC EdUD 4� K]9 .4 
\T\U` IX9[G E] Xe| &ÝXù WJQC[2" Wd (ÙW[åXC Xh4O ;G4çN[B XdĈ É[G #[\o 4ü Q[QW[ M» &WOh Gd TVÁ 2008 M» 
$IGd IXQd $"CO (I'X]N $\LN[G 9"2N[G-1 4[ 22 $F�KO, 2008 4h WJQC[I_TÁ4 #Mh9G å4N[| 9"2N[G-1 M» 4WQ 
11 (I4OB Q6d Dd, &WM» Wd 5 (I4OBD 4[ \T4[W L[OC M» å4N[ 6N[ D[, 3 (I4OB N_OhI]N $"CåOÈ /;»W] (ESA) 

4�, 2 (I4OB $MdåO4[ 4� T 1 (I4OB K^ç6[åON[ 4[ D[| 9"2N[G-1 Gd 9"2M[ 4ü WCX IO I[G] 4ü (I\íD\C 4[ IC[ 
Q6[Gd ;eW] $Gd4 GT]G 5h;D 4h $";[M åEN[| &W MX[\LN[G Gd L[OC 4h $IG] #iah\64ü ÈMC[ M» (Ù4_`C[ 4[ 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ\TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ    
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LOhW[ åEQ[N[| 9"2N[G-1 4� Ië9[Cj 5 GT"KO, 2013 4h &WOh Gd M"6Q 'X 4ü N[T[ %O"L 4ü| &W åEG ‘M[WÁ 0\KÁ>O 
åMUG’ 4[ #Mh9G I].W.QT] W]-25 G[M4 #Mh9G N[G Wd å4N[ 6N[| &WOh 9"2N[G-1 T ‘M[WÁ 0\KÁ>O åMUG’ 4� 
Ië9[Cj \G4> L\TìN M» $ÝN $"CO (I'X]N $\LN[GD (ND[ 9"2N[G-2) 4ü 2O 4EM Ku[ OX[ Xe|  

;eWd-;eWd XM ÌÚT] 4ü WCX Wd E_O ;[Cd X¾ WiO );[Á 4ü C]nC[ 4M XhC] ;[C] Xe| \9T-1 M» åE5[N[ 6N[ Xe å4 4�Wd I`ÚT] 
4ü WCX Wd E_O ;[Gd IO WiO $\LT[X (Solar flux) 4ü M[T[ 7>C] ;[C] Xe [3]| WiO $\LT[X 4ü NX 7>C] M[T[ XM» 
(I'X 4� (I4OBD 4h );[Á #E[G 4OGd 4� \Q. $ÝN \T4çID 4� K[Od M» WD9Gd 4h #dåOC 4OC] Xe|  

 

\9T\9T\9T\9T    1111: : : : WiO WiO WiO WiO );[Á);[Á);[Á);[Á    4ü C]nC[ M» IåOTCÁG4ü C]nC[ M» IåOTCÁG4ü C]nC[ M» IåOTCÁG4ü C]nC[ M» IåOTCÁG    
$"CO (I'X]N $\LN[GD M» $"CåOÈN[G 4h \TâC U\F #E[G 4OGd M» G[\L4üN );[Á 4[ #Nh6 $ÝN EdUD 4� O[O[ 
EU4D Wd å4N[ ;[C[ OX[ Xe| G[\L4üN );[Á 4h G[\L4üN \T5"@G, G[\L4üN W"QNG N[ Odå@NhFMú ÈN 4� M[ÜNM Wd 
#[o å4N[ ;[ W4C[ Xe| \T5"@G åO.Ê>OD 4[ #Nh6 eW CD[ W"N^F O[ÑN $MdåO4[ 4� O[O[ $IGd I_TÁ 4� $"CO (I'X]N 
$\LN[GD M» å4N[ 6N[ Xe| 9_!å4 &G åONdÊ>OD M» 6\C 4OGd T[Qd L[6 XhCd X¾ $C# NX 4M LOhWdM"E XhCd X¾ T E]7[ÁT\F C4 
&G4� #9[QG M» WMíN[.! %C] X¾| W"QNG 4ü #\CN[ 4� JQíTeI (ÙI> $ÙN"C (g C[IM[G 4ü T;X Wd IeE[ XhGd 
T[Q] $W^\TF[2" 4� 4[OB W"QNG åONdÊ>OD 4[ \GM[ÁB $"CåOÈ M» (INh6 4� \Q. $L] C4 GXù å4N[ ;[ W4[ Xe| 
G[\L4üN );[Á Wd U\F #[o 4OGd 4[ C]WO[ CO]4[ Odå@NhFMú ÈN Wd #[o );[Á 4� M[ÜNM Wd Xe CD[ &W4[ #Nh6 
$MdåO4[ .T" eW Odå@NhFMú C[ITeâC (ÙI[E4 '%O>];]' G[M4 (I4OB O[O[ Q"Kd WMN Wd $IGd $"CO(I'X]N 
$\LN[GD 4� \Q.4O OXd X¾| &W (I4OB 4[ WJQC[I_TÁ4 #Nh6 Th.;O (Voyager), 6eQ]\QNh (Galileo) CD[ 4�\WG] 
(Cassini) ;eWd MXÙTI_BÁ $\LN[GD M» \T\L> &QdÊ>Äf\G4 (I4OBD 4h \TâC );[Á #E[G 4OGd M» å4N[ 6N[ Xe [4&5]| 
L[OC 4� L\TìN 4� WM[GT CD[ M[GT OåXC $"CO(I'X]N $\LN[GD 4� $"CåOÈN[G 4� \T\L> (I4OBD 4h );[Á #E[G 
4OGd 4� \Q. %O>];] .4 KdXCO \T4çI Xh W4C[ Xe| NX Qd5 &W] #iah\64ü Wd W"K"\FC Xe| Qd5 4[ L[6-2 %O>];] 
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4� 4[NÁ 4� \W;["C Wd W"K"\FC Xe, L[6-3 %O>];] 4ü W"O9G[ 4� K[Od M» Xe, L[6-4 M» %O>];] 4� Q[LD 4[ TBÁG å4N[ 
6N[ Xe T $"C M» L[6-5 M» \Gì4VÁ åEN[ 6N[ Xe|  

2. 2. 2. 2. 4[NÁ 4[ \W;["C4[NÁ 4[ \W;["C4[NÁ 4[ \W;["C4[NÁ 4[ \W;["C    

Od\tNhFMú IE[DÁ 4� Od\tNhFMú ÈN Wd (ÙI> C[I]N );[Á 4[ \Ta^C );[Á M» IåOTCÁG X] %O>];] 4[ \W;["C Xe| C[I]N 
);[Á 4[ \Ta^C );[Á M» IåOTCÁG Id\ç>NO-W]Kd4 C[ITea^C]N #L[T (Peltier-Seebeck Thermoelectric Effect) 4ü 
N^\F Wd å4N[ ;[C[ Xe| &W N^\F M» Eh $WM[G F[Ĉ.! N[ $;Á9[Q4 (Semiconductor) ;hå4, \L> C[IM[GD Wd ;^td X¾ 
4ü W"\FND 4� MÜN \TLT["CO (ÙI> XhC[ Xe [\9T-2]|  

 

\9T\9T\9T\9T    2222: : : : Id\ç>NOId\ç>NOId\ç>NOId\ç>NO----W]Kd4 N^\F Wd W]Kd4 N^\F Wd W]Kd4 N^\F Wd W]Kd4 N^\F Wd );[Á);[Á);[Á);[Á    4[ (ÙI[EG 4[ (ÙI[EG 4[ (ÙI[EG 4[ (ÙI[EG     
%O>];] M» #Nh6 å4. ;[Gd T[Qd Odå@NhFMú IE[DÁ M» \GãG 6̂B XhGd 9[åX.: 

 4) Odå@NhFMú IE[DÁ 4ü $;Á%N^ IN[Áo eI Wd $\F4 XhG] 9[åX. C[å4 %O>];] E]7Á $T\F C4 Q6L6 .4WM[G 
);[Á (ÙI> 4O W4� T &W4� W[D X] ÈN 4ü C]nC[ L] IN[Áo eI Wd $\F4 XhG] 9[åX. C[å4 (\9C M[T[ M» \TâC 
);[Á #[o 4ü ;[ W4�|  

 5) .4 åE. �. \TâC (ÙI[EG 4� \Q. &W4[ L[O 4M XhG[ 9[åX. C[å4 $"CåOÈN[G M» (INh6T[G #E[NL[O 4h 
$\F4 Wd $\F4 Ku[N[ ;[ W4�| 4M L[O 4� W[D X] &W4[ 7GÙT $\F4 XhG[ 9[åX. C[å4 %O>];] 4h ÝN_GCM 
%4[O M» KG[N[ ;[ W4�|  

 6) &WWd 4�TQ \GãG LdEG ÈMC[ (penetration power) 4� 4BD (#F[GC# .çJ[ 4BD) 4[ X] \Tå4OB XhC[ Xh| 
6[M[ \Tå4OB CD[ ÝN_>Ä[GD 4ü LdEG ÈMC[ $\F4 XhC] Xe $C# Nd $T[":G]N X¾| K]>[ 4B \OC]N4 6[M[ å4OBD 4h 
(ÙI> 4O W4Cd X¾ $C# &G4[ (ÙW;ÁG 4OGd T[Qd IE[Dµ 4[ L] 9NG GXù 4OG[ 9[åX.|  

(IN^ÁF \TUdVC[2" Wd N^F Odå@NhFMú IE[Dµ M» WT®ÇM IE[DÁ ¤ô>h\GNM-238 [Pu-238] Xe| &W4ü $;Á%N^ 87.7 TVÁ Xe 
CD[ &W4� \Q. M[T 2.5 åMQ]M]>O Mh>] OÈB IOC (shielding layer) 4ü %TëN4C[ XhC] Xe| &WWd 6[M[ å4OBD CD[ 
ÝN_>Ä[GD 4[ \Tå4OB $ÙN"C \GãG XhC[ Xe T &WWd ?]4-?[4 M[T[ M» #\C &4[' L[O );[Á #[o Xh W4C] Xe| ¤ô>h\GNM-
238 4h ¤ô>h\GNM 0ÊW['@ (Pu2O3-238) 4� eI M» #Nh6 å4N[ ;[C[ Xe| ¤ô>h\GNM-238 4� .4 IOM[B^ 4� ÈN Wd 
N_Od\GNM-234 KGC[ Xe T .4 .çJ[ 4B 4[ (ÙW;ÁG XhC[ Xe CD[ 5.6 åMQ] &QdÊ>ÄfG Thç> 4ü );[Á (ÙW\;ÁC XhC] Xe|  

Pu238 ------------------� U234 + α+ 5.6 MeV 
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¤ô>h\GNM-238 4� \T5"tG 4� JQíTeI (ÙI> �' &W C[I]N );[Á 4h \Ta^C );[Á M» IåOT\CÁC 4OGd 4� \Q. #Nh6 
å4. 6. C[IN^ÌM (thermocouple) $ÙN"C LOhWdM"E XhCd X¾ CD[ E]7[ÁT\F C4 W^9[e eI Wd 4[NÁ 4OCd X¾| &G4ü EÈC[ 
(efficiency) 3-7% 4� MÜN XhC] Xe| C[IN^ÌM M» \W\Q4fG-;M¼\GNM (Si-Ge), ;M¼\GNM-9[!E] (Ge-Ag) N[ $ÝN å4ÝXù 
Eh \TLT["CO T[Q] åMÅF[Ĉ2" (alloy) 4[ #Nh6 å4N[ ;[ W4C[ Xe| TCÁM[G M» %O>];] 4� \Q. \W\Q4fG-;M¼\GNM 

åMÅF[Ĉ 4[ #Nh6 C[IN^ÌM 4� \GM[ÁB M» å4N[ ;[C[ Xe [6]| )ìM[ 4[ TX L[6 ;h \TâC );[Á M» IåOT\CÁC GXù XhC[ Xe, 
(W4[ #Nh6 $"CåOÈN[G 4� 7>4D 4h )ìM[ #E[G 4OGd 4� \Q. å4N[ ;[ W4C[ Xe T &G WK4� Ië9[Cj K9] �' );[Á 
4h $"CåOÈ M» \Tå4O\BC (radiate)4O åEN[ ;[C[ Xe|  

    3.3.3.3.W"O9G[W"O9G[W"O9G[W"O9G[    
å4W] %O>];] 4� W[M[ÝN 7>4 X¾-Odå@NhFMú IE[DÁ, &W IE[DÁ 4h 9[OD 2O Wd 7dOGd T[Q[ %TOB, }�å@"6 (cladding), 

C[IN^ÌM êN_X (thermocouple array), C[I]N #K"FG C"T (thermal management system), 6eW #K"FG C"T .T" &G 
WK4h WX[O[ EdGd T[Q] W"O9G[ (supporting structure) [3, 7&8]| %O>];] 4ü W[M[ÝN W"O9G[ 4h \9T-3 M» 
åE5[N[ 6N[ Xe|  

3.1 3.1 3.1 3.1 )ìM[ çhC)ìM[ çhC)ìM[ çhC)ìM[ çhC    ((((Heat Source): Heat Source): Heat Source): Heat Source):     

%O>];] 4[ 4�Ý2]N L[6 )ìM[ çhC 4[ 4[NÁ 4OC[ Xe ;hå4 ¤ô>\GNM 0ÊW[&@ G[M4 Ohå@NhFMú IE[DÁ Wd KG[ XhC[ 
Xe| ¤ô>h\GNM 0ÊW[&@ 4� >̂4td 9[OD 2O Wd .4 7[ÙT]N OÈB IOC Wd \7Od XhCd X¾| NX OÈB IOC W[M[ÝNC# '&O]\tNM' 

G[M4 åMÅF[Ĉ (DOP-26) Wd KG[' ;[C] Xe| OÈB IOC 4ü Mh>[' &CG] XhG] 9[åX. å4 NX .çJ[ 4BD 4� \Tå4OB 4h 
\KG[ $\F4 C[I ÈN 4� Oh4 W4�| &W OÈB IOC 4h }�å@"6 L] 4XCd X¾|   

3.2 3.2 3.2 3.2 C[INÌ̂M êN_XC[INÌ̂M êN_XC[INÌ̂M êN_XC[INÌ̂M êN_X    ((((Thermocouple Array): Thermocouple Array): Thermocouple Array): Thermocouple Array):     

K@] W"ËN[ M» C[IN^ÌMD 4h }�å@"6 4ü Q"K[' 4ü åEU[ M» }�å@"6 4ü IåO\F 4� 9[OD 2O Q6[N[ ;[C[ Xe| &G4h ÅdB] CM 
(series) T WM[G[ÝCO CM (parallel) M» &W #4[O ;ht[ ;[C[ Xe å4 &WM» ?]4-?[4 W"ËN[ M» $CåOF (redundant) 

O[íCd (pathways) XD| /W[ 4OGd Wd C"T 4ü \TëTWG]NC[ (redundancy) M» KuhÇO] XhC] Xe| C[IN^ÌM 4ü 6MÁ W"\F 
(hot junction) 4[ C[IM[G Q6L6 1300 K T ?"t] W"\F (cold junction) 4[ C[IM[G Q6L6 600 K 4� %WI[W 
O5[ ;[C[ Xe| &W #4[O Wd \GåMÁC .4 \W\Q4fG - ;M¼\GNM C[IN^ÌM Q6L6 0.5 W 4ü \TâC U\F IeE[ 4OC[ Xe T 
C[IN^ÌM êN_X M» #Nh6 å4. 6. C[IN^ÌMD 4ü $\F4CM W"ËN[ 500-600 4� MÜN O5] ;[C] Xe|  

3.33.33.33.3    C[I]N #K"FG C"TC[I]N #K"FG C"TC[I]N #K"FG C"TC[I]N #K"FG C"T    ((((Thermocouple Management System):Thermocouple Management System):Thermocouple Management System):Thermocouple Management System):    

9_!å4 Od\tNhFMú IE[DÁ Wd $ÙN\F4 M[T[ M» )ìM[ $\LT[X (heat flow) XhC[ Xe CD[ C[IN^ÌMD 4ü \TâC );[Á IåOTCÁG 
4ü EÈC[ $ÙN"C \GãG XhC] Xe $C# %O>];] M» $\F4 C[IM[G T̀\; 4h Oh4Gd 4� \Q. )ìM[ 4[ K[XO] T[C[TOB M» 
EÈC[ I_TÁ4 (ÙW;ÁG 4OG[ $ÙN"C %TëN4 Xe| NX 4[NÁ %O>];] 4ü \TÑN]N åEU[ (radial direction) M» (\9C 
\TM[2" (suitable dimensions) 4ü I"5^\tND (fins) 4h Q6[4O å4N[ ;[C[ Xe| 9_!å4 #Mh9G 4� WMN L] %O>];] 
$"CåOÈN[G M» Q6[ XhC[ Xe $C# NX $IGd T[C[TOB 4� C[IM[G M» $ÙN\F4 T̀\;4O W4C[ Xe| &W4h Oh4Gd 4� \Q. 
%O>];] M» G\QND (tubes) 4� M[ÜNM Wd ;Q #T[åXC å4N[ ;[C[ Xe|  

3.43.43.43.4    6eW #K"FG C"T6eW #K"FG C"T6eW #K"FG C"T6eW #K"FG C"T    ((((Gas Management System):Gas Management System):Gas Management System):Gas Management System):    

9_!å4 %O>];] 4ü %"CåO4 WCX 4[ C[IM[G (g 4hå> 4[ XhC[ Xe $C# NåE NX T[N^ 4� W"I4· M» %. Ch 0ÊW]4OB 
4ü W"L[TG[ XhC] Xe| $C# L"@[OB .T" #Mh9G 4� WMN &WM» %\CN 6eW [W[M[ÝNC# s]GfG (Xe) N[ %6ÁG (Ar)] #TdU 
4O[ E] ;[C] Xe T ;K %O>];] \GT[ÁC M» %C[ Xe Ch &W 6eW 4h K[XO \G4[Q åEN[ ;[C[ Xe| 6eW 4� #T[X 4h \GN"\TC 
4OGd 4� \Q. .4 %6[M] 6eW TfçT (inlet gas value) Q6[N] ;[C] Xe CD[ 6eW 4h ?]4 WMN IO K[XO \G4[QGd 4� 
\Q. .4 E[K Mh9G T[çT (pressure relief value) Q6[N] ;[C] Xe|  

3.53.53.53.5    WX[O[ EdGd T[Q[ A[!9[WX[O[ EdGd T[Q[ A[!9[WX[O[ EdGd T[Q[ A[!9[WX[O[ EdGd T[Q[ A[!9[    ((((Supporting Structure):Supporting Structure):Supporting Structure):Supporting Structure):    
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%O>];] 4h &W #4[O Wd $\L4\çIC (design) å4N[ ;[C[ Xe å4 NX (g íCO 4� <>4D 4h WX W4�| A[!9[ &W #4[O 
4[ XhG[ 9[åX. å4 å4W] Ê7Á>G[ 4ü $TíD[ M» Odå@NhFMú IE[DÁ >̂4tD M» G \K5Od $ÝND[ NåE NX >̂4tD M» >_>4O 
\K5O 6N[ Ch NX Od\tNhFMú ÈN Wd W"K"\FC 5COd IeE[4O W4C[ Xe| A[!9[6C MsK_C] #E[G 4OGd 4� \Q. Odå@NhFMú 
>̂4tD (Radioactive Pallets) 4� 9[OD 2O &O]å@NM 4ü ICQ] IOC 9u[N] ;[C] Xe|     

    4. 4. 4. 4. %O>];] 4� Q[L%O>];] 4� Q[L%O>];] 4� Q[L%O>];] 4� Q[L    

 %O>];] 4� \GãG\Q\5C M^ËN Q[L X¾ -- 

1. &WM» 4h' 6\C 4OGd T[Q[ L[6 GXù XhC[ Xe $C# NX $ÙN\F4 LOhWdM"E C4G]4 Xe|  

2. &W4� O[O[ )ìM[ (ÙI[EG $"CåOÈN[G 4ü \íD\C (position) IO \GLÁO GXù 4OC[ Xe| &W4[ #Nh6 (G 
$"CO(I'X]N $\LN[GD 4� \Q. L] $ÙN"C (INh6] XhC[ Xe, \;G 'XD 4ü W_NÁ Wd E_O] K�C $\F4 Xe|  

%O>];] 4[ L[O L] WiO );[Á Ke>åOND 4� WMĈçN Xe| 9"õM[ T $ÝN (I'XD M» ;X[! IO åM�] 4h 5GGd 4� \Q. OhTO 4[ 
#Nh6 å4N[ ;[C[ Xe TX[! WiO );[Á Ke>åOND 4� #Nh6 4OGd 4ü EU[ M» WiO IeGQD IO åM�] 4ü IOC ;MGd 4[ 5CO[ OXC[ 
Xe| &W #4[O NX WiO );[Á Ke>åOND Wd KdXCO \T4çI Xe|  

3. 9_!å4 %O>];] M» #N^F Odå@NhFMú IE[DÁ 4ü $;Á%N^ K�C $\F4 (Pu-238 4ü 87.7 TVÁ) XhC] Xe $C# 6XOd 
$"CåOÈ $\LN[GD (deep space missions) 4� \Q. NX Q"Kd WMN C4 Q6L6 .4 WM[G );[Á #E[G 4O W4C[ Xe|  

4. NX $"CåOÈ M» XhGd T[Qd (g íCO 4� \Tå4OBD 4� \Q. W^'[� (sensitive) GXù Xe|  

5. 9_!å4 &WM» #N^F Odå@NhFMú '"FG Wd (ÙW\;ÁC XhGd T[Qd .çJ[-4BD 4ü \TLdEG ÈMC[ $ÙN"C 4M XhC] Xe $C# 
&W4[ (INh6 WM[GT $"CåOÈ $\LN[GD 4� \Q. N[\TND 4� 4È 4� \G4> å4N[ ;[ W4C[ Xe|  

6. &WWd IeE[ XhGd T[Q] $CåOF )ìM[ 4[ #Nh6 $"CåOÈN[G 4� $ÝN (I4OBD 4� C[IM[G \GN"TB M» å4N[ ;[ 
W4C[ Xe|  
 

5. 5. 5. 5. %O"\L4 #[Nh\64 $ÜNNG %O"\L4 #[Nh\64 $ÜNNG %O"\L4 #[Nh\64 $ÜNNG %O"\L4 #[Nh\64 $ÜNNG     

.QI].WW] M» WdT[ 4� EiO[G XMGd L] 5We U\F 4� %O>];] 4� #Nh6U[Q[ íCO 4� Mf@Q 4� \T4[W 4[ 4[NÁ %O"L 
å4N[ D[/ 5We U\F #[o 4OGd 4� \Q. 100 W C[I]N );[Á 4ü %TëN4C[ Xh6] / %O"L #[Nh\64 IO]ÈBD XdĈ \Q. 
6. %O>];] 4� $TNT X¾: C[I]N &4[', 'dJ[&> W"7� 4hU (Graphite Impact Shell, GIS), T .OhWdQ (Aeroshell) / 
%O"L M» &O]å@NM IeQd> 4ü ;6X \Ta^C (ìM4 (Electric heater) 4h çhC 4� eI M» #Nh6 å4N[ 6N[ Xe/ IO]ÈBD 4h 
15W, 40W T 60W 4ü C[I]N );[Á 4� \Q. å4N[ 6N[ Xe/ K- #4[O 4� C[IN^ÌM Wd .OhWdQ 4ü WCX IO 6 ;6XD IO 
C[IM[IG å4N[ 6N[ Xe|  

6. 6. 6. 6. \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
&W Qd5 M» L[OC 4� L\TìN 4� $"CO (I'X]N $\LN[GD M» $"CåOÈN[G 4� \T\L> (I4OBD 4h );[Á #E[G 4OGd 4� \Q. 
.4 \T4çI KG W4Gd T[Q] C4G]4ü ‘%O>];]’ 4[ TBÁG å4N[ 6N[ Xe| .4 5 We U\F 4� ‘%O>];]’ 4� #Nh6U[Q[ 
íCO 4� X[@ÁTdNO 4[ \G4>CM (IQáF IE[Dµ 4� W[D KG[N[ L] å4N[ 6N[ Xe T (W4� 4W: #[Nh\64 IO]ÈBD 4[ 
WM[TdU L] &W IT M» å4N[ 6N[ Xe| %O"\L4 IåOB[M 4[Jü (ÙW[XTFÁ4 X¾| %O>];] L[OC 4� L\TìN 4� M[GT OåXC T 
WM[GT $"CO(I'X]N $\LN[GD M» $"CåOÈN[G 4� \T\L> (I4OBD 4h %TëN4 );[Á #E[G 4OGd T (I'X 4� C[I]N 
\GN"TB 4ü ;eOCD 4h I_O[ 4OGd M» MXÙTI_BÁ L_åM4[ \GL[ W4C[ Xe| &W4� \T4[W M» C4G]4ü eI Wd K�C W[O] 
;å>QC[.! \TaM[G X¾ IO"Ĉ &W #iah\64ü Wd åMQGd T[Qd Q[L T &W4� \T4[W M» %Gd T[Q] 9̂Gi\CN[" XM» &W4� K[Od M» 
Wh9Gd 4h #dåOC 4OC] X¾|  
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\9T 4 (4, 5 .T" 6) M» .OhWdQ 4ü WCX IO WMN 4� W[D C[IM[G 4� IåOTCÁG 4h åE5[N[ 6N[ Xe/ 
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\9T\9T\9T\9T    4444    ((((6666)))): : : : 60W60W60W60W    &ÝI^>&ÝI^>&ÝI^>&ÝI^>    U\F 4�U\F 4�U\F 4�U\F 4�    \Q. \Q. \Q. \Q. M[I[ 6N[ C[IM[GM[I[ 6N[ C[IM[GM[I[ 6N[ C[IM[GM[I[ 6N[ C[IM[G



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT    

(I'XD M» )ìM[ #K"FG 4� \Q. @[Nh@ )ìM[G\QN["(I'XD M» )ìM[ #K"FG 4� \Q. @[Nh@ )ìM[G\QN["(I'XD M» )ìM[ #K"FG 4� \Q. @[Nh@ )ìM[G\QN["(I'XD M» )ìM[ #K"FG 4� \Q. @[Nh@ )ìM[G\QN["    
4MQdU 4WM[O KO[N[4MQdU 4WM[O KO[N[4MQdU 4WM[O KO[N[4MQdU 4WM[O KO[N[    

TeÉ[\G4 TeÉ[\G4 TeÉ[\G4 TeÉ[\G4 / / / / %\LN"C[ %\LN"C[ %\LN"C[ %\LN"C[ ----    .W .J.W .J.W .J.W .J    

C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6    ((((    MdW[ MdW[ MdW[ MdW[ ))))    
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#íC[T#íC[T#íC[T#íC[TG[G[G[G[    
$"CåOÈ #iah\64ü 4[ (INh6 W[M[\;4 4çN[B .T" M[GT 4ü WMíN[2" 4� WM[F[G 4� \Q. XhG[ 9[åX.| NX] 
XM[Od $"CåOÈ 4[NÁCM 4[ M̂ËN (ªdëN Xe| XM[Od EdU M» $"CåOÈ #iah\64ü Gd W"9[O, #[4_\C4 W"W[FG #K"FG, 

\UÈ[, íT[íÚN, 4_\V, TeÉ[\G4 $G^W"F[G .T" W^OÈ[ ;eWd ÈdTD M» MXÙTI_BÁ L_åM4[ \GL[' Xe| 9Ý2N[G .T" 
M"6QN[G ;eWd $\LN[GD Gd $"CåOÈ $G^W"F[G 4� ÈdT M» XM[Od EdU 4[ Ê\GN[ M» 6iOT Ku[N[ Xe| $K EdU M» \T4[W 
4ü 6\C 4h 3O Ku[Gd 4� \Q. (g ÈMC[ T[Qd (>C (I'XD 4ü M["6 \GOÝCO Ku OX] Xe| XM[O] %TëN4C[2" 4ü 
I_\CÁ 4� \Q. W"9[O (I'XD 4ü ÈMC[2" M» WCC #6\C 4ü ;[ OX] Xe| &W] COX W^E_O W"TdE] (I'XD 4ü \TLdEG 
ÈMC[2" M» L] WCC #6\C �' Xe| (I'XD 4ü ÈMC[2" M» T̀\; 4� W[D-W[D \T\U` (ªdëND 4� \Q. Q7̂ .T" W_÷M 
(I'XD 4[ (INh6 L] Ku OX[ Xe| (g ÈMC[ 4� (>C (I'XD, Q7̂ .T" W_÷M (I'XD 4� \GM[ÁB M» 4' 9̂Gi\CND 4[ 
L] W[MG[ 4OG[ ItC[ Xe| (I'XD M» )ìM[ #K"FG (GM» Wd .4 MXÙTI_BÁ 9̂GiC] Xe| å4W] (I'X 4� WJQ #9[QG 
4� \Q. NX %TëN4 Xe å4 (I'X 4� ;]TG4[Q 4� EiO[G (W4� WL] $TNTD 4� C[IM[G (G4ü íT]4[NÁ W]M[2" 
4� $"EO XhGd 9[åX.| (I'XD M» WM̂\9C )ìM[ #K"FG O[O[ NX W^\G\ë9C å4N[ ;[C[ Xe å4 (W4� WL] $TNTD 4� 
C[IM[G íT]4[NÁ W]M[2" 4� $"EO XD| )ìM[G\QND 4� O[O[ (I'XD 4� )ìM[ #K"FG 4ü 4' WMíN[2" 4[ 
WM[F[G å4N[ ;[ W4C[ Xe &W\Q. (I'XD 4� )ìM[ #K"FG 4� \Q. )ìM[G\QND 4[ (INh6 Q6L6 $\GT[NÁ 
XhC[ ;[ OX[ Xe| XM[Od EdU 4� (I'XD M» )ìM[G\QND 4[ (INh6 \I:Qd Eh EU4D Wd å4N[ ;[ OX[ Xe| (I'XD M» 
\T\U` IåO\íD\CND M» \TUdV )ìM[G\QND 4ü %TëN4C[ XhC] Xe| @[Nh@ )ìM[G\QN[" /W] \TUdV )ìM[ G\QN[" 
Xe \;G4ü %TëN4C[ \TUdV IåO\íD\CND M» XhC] Xe| L\TìN 4� (I'XD 4� \Q. /W] \TUdV )ìM[G\QND IO 
$G^W"F[G .T" \T4[W 4ü %TëN4C[ Xe| &G %TëN4C[2" 4h ÜN[G M» O5Cd �. &W Qd5 M» @[Nh@ )ìM[G\QND 
IO #4[U @[Q[ 6N[ Xe|  
    

@[Nh@ )ìM[GQ] ÊN[ Xe@[Nh@ )ìM[GQ] ÊN[ Xe@[Nh@ )ìM[GQ] ÊN[ Xe@[Nh@ )ìM[GQ] ÊN[ Xe    ????    

)ìM[GQ] .4 K�C $\F4 )ìM]N 9[Q4C[ T[Q] #N^\F Xe ;h )ìM[ 4h .4 íD[G Wd E_WOd íD[G C4 K�C 
$\F4 EÈC[ 4� W[D íD[G["CåOC4O EdC] Xe| )ìM[ GQ] 4� Eh \WOd XhCd X¾| ;h \WO[ )ìM[ 4� çhC 4� WãI4· M» 
XhC[ Xe TX \WO[ T[ìI4 4ü COX 4[NÁ 4OC[ Xe| ;h \WO[ )ìM[ 4� \W"4 4� WãI4· M» XhC[ Xe TX \WO[ W"7\GT 4ü 
COX 4[NÁ 4OC[ Xe| W[F[OB )ìM[G\QND M» )ìM[ 4[ çhC å4W] L] \WOd IO O5[ ;[ W4C[ Xe CD[ E_WO[ \WO[ 
íTC# X] )ìM[ 4� \W"4 4ü COX 4[NÁ 4OGd Q6C[ Xe| &W\Q. W[F[OB )ìM[ G\QND M» )ìM[ 4[ íD[G["COB .4 
\WOd Wd E_WOd \WOd 4ü 2O EhGD åEU[2" M» Xh W4C[ Xe| @[Nh@ )ìM[G\QN[" Td )ìM[G\QN[" XhC] X¾ \;G4ü )ìM]N 
9[Q4C[ .4 åEU[ M» W[F[OB )ìM[GQ] 4ü COX K�C $\F4 XhC] Xe CD[ \TIO]C åEU[ M» )ìM]N 9[Q4C[ K�C 
4M XhC] Xe| @[Nh@ )ìM[GQ] .4 åEU[ M» .4 F[Ĉ 4ü (ÇM 9[Q4 4ü Pft 4� WM[G )ìM[ 4[ 9[QG 4OC] Xe 
;Kå4 \TIO]C åEU[ M» .4 )ìM[ OhF4 4ü COX 4[NÁ 4OC] Xe| (E[XOB 4� \Q. 4h' @[Nh@ )ìM[GQ] $' åEU[ 
M» 100 T[> )ìM[ íD[G["COB 4OC] Xe Ch \TIO]C åEU[ M» Q6L[6 5 T[> Wd L] 4M )ìM[ íD[G["CåOC 4OG] 
9[åX.|  
 

XM[Od (I'XD M» @[Nh@ )ìM[G\QND 4ü %TëN4C[XM[Od (I'XD M» @[Nh@ )ìM[G\QND 4ü %TëN4C[XM[Od (I'XD M» @[Nh@ )ìM[G\QND 4ü %TëN4C[XM[Od (I'XD M» @[Nh@ )ìM[G\QND 4ü %TëN4C[    
(I'XD M» @[Nh@ )ìM[G\QND 4� 4' (INh6 W[MGd % OXd X¾| (I'XD M» 4' K[O /W] IåO\íD\CN[" %C] X¾ ;K 
)ìM[ íD[G["COB 4�TQ .4 X] åEU[ M» T[":G]N XhC[ Xe| E_WO] åEU[ M» )ìM[ íD[G["COB G]CL[O 4� \GìI[EG 4h 
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K̂O] COX #L[\TC4O W4C[ Xe N[ (I'X 4� å4W] $TNT 4� ;]TG4[Q 4h K̂O] COX #L[\TC4O W4C[ Xe| 4' 
K[O )ìM[ GQ] 4h .4 $Ï:d 9[Q4 4ü COX (INh6 M» 4OGd 4ü %TëN4C[ XhC] Xe Ch E_WO] 2O /W] 
IåO\íD\CN[" L] XhC] Xe ;K (GWd .4 $Ï:d )ìM[ OhF4 4ü COX 4[NÁ 4OGd 4ü $IdÈ[ XhC] Xe| /W] IåO\íD\CND 
M» @[Nh@ )ìM[G\QND 4[ (INh6 $\GT[NÁ Xh ;[C[ Xe| Qd5 M» %6d $"CåOÈ $\LN[GD M» @[Nh@ )ìM[G\QND 4� 
(INh6 4ü 4W: IåO\íD\CND 4[ W"\Èo \TTOB åEN[ 6N[|  
 

1. \Tå4O4 IO IåOTCú K[� )ìM[ L[O# (I'XD M» )ìM]N \T4O4D IO IåOTCú )ìM[ L[OD 4� 4[OB (G4[ 
C[IM[G L] IåOTCú XhC[ Xe| W^E_O W"TdE] (I'X 4� \T\L> JQ4D IO IåOTCú WiO )ìM[ L[OD 4h \9T 1 M» åE5[N[ 
6N[ Xe| W[M[ÝN IåO\íD\CND M» @[Nh@ )ìM[GQ] )ìM[ ÈN 4OGd T[Qd 7>4D 4ü )ìM[ 4h 4M C[IM[G 4� 
\Tå4O4 4h íD[G["CåOC4O EdC] Xe| Qdå4G K[� )ìM[ L[O 4� 4[OB ;K \Tå4O4 4[ C[IM[G $çI $T\F 4� 
\Q. (I'X 4� 7>4 4� C[IM[G Wd $\F4 Xh ;[C[ Xe (W EU[ M» @[Nh@ )ìM[GQ] M» )ìM[ 4[ W"9OB $T�; Xh 
;[C[ Xe &W #4[O 6MÁ \Tå4O4 Wd ?Ø@d 7>4 4ü 2O )ìM[ 4[ íD[G["COB e4 ;[C[ Xe|  

 

\9T \9T \9T \9T 1111    .4 W^E_O W"TdE] (I'X 4� \T\L> JQ4h IO %I\CC WiO $\LT[X.4 W^E_O W"TdE] (I'X 4� \T\L> JQ4h IO %I\CC WiO $\LT[X.4 W^E_O W"TdE] (I'X 4� \T\L> JQ4h IO %I\CC WiO $\LT[X.4 W^E_O W"TdE] (I'X 4� \T\L> JQ4h IO %I\CC WiO $\LT[X    

2. &QdÊ>Äf\G4 7>4D 4[ IåOTCú )ìM[ ÈN# W^E_O W"TdE] (I'XD M» W"W_94D 4� O[O[ #\C\KãKG 4ü $T\F (I'X 
4ü 4È]N $T\F 4ü C^QG[ M» K�C 4M XhC] Xe| &GM» W"W_94D .T" W"K"\FC &QdÊ>Äf\GÊW 4[ #9[QG 4�TQ 
#\C\KãKG $T\F 4� \Q. XhC[ Xe| å4W] G]CL[O 4� \Q. #\C\KãKG $T\F 5 Wd 10 åMG> C4 4ü Xh W4C] Xe| 
;Kå4 4È]N $T\F $D[ÁCj ÌÚT] 4� 9[OD 2O .4 9¦O Q6[Gd M» \QN[ 6N[ WMN Q6L6 100 åMG> XhC[ Xe| 
W"W_94D .T" (WWd W"K"\FC &QdÊ>Äf\GÊW 4� O[O[ )ìM[ ÈN #\C\KãKG $T\F M» X] XhC[ Xe| W^E_O W"TdE] G]CL[OD 
4� $Ï:d #9[QG 4� \Q. NX %TëN4 Xe å4 #\C\KãKG 4� EiO[G W"W_94 .T" G]CL[O 4h .4 G]NC C[IM[G IO 
O5[ ;[.| #\C\KãKG 4� EiO[G W"W_94D 4h )ìM[GQ], )ìM]N \Tå4O4 .T" C[I4 4� W"Nh;G Wd $Id\ÈC 
C[IM[G IO O5[ ;[C[ Xe| 4È]N $T\F 4� EiO[G $6O \Tå4O4 4[ C[IM[G W"W_94 Wd $\F4 Xh ;[C[ Xe CK 
\Tå4O4 Wd W"W_94 4ü 2O )ìM[ W"9OB T[":G]N GXù XhC[ Xe| I[OãIåO4 )ìM[GQ] )ìM[ 4[ W"9OB EhGD 
åEU[2" M» 4OC] Xe| &W\Q. I[OãIåO4 )ìM[GQ] \Tå4O4 Wd W"W_94 4ü 2O )ìM[ 4� W"9OB 4h GXù Oh4 
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W4C] Xe| /W] IåO\íD\C M» @[Nh@ )ìM[GQ] \Tå4O4 4[ C[IM[G 4M XhGd IO W"W_94 4h ?Ø@[ Ch 4O»6] Qdå4G 
\Tå4O4 4[ C[IM[G $\F4 XhGd IO \Tå4O4 Wd W"W_94 4ü 2O )ìM[ 4� íD[G["COB 4h $T�; 4O Ed6]|  

3. C[Nh;d\G4 $G^#Nh6# W^E_O W"TdE] G]CL[OD M» $TOF \Tå4OB W"W_94D .T" 56hQ]N G]CL[OD M» \Tå4OB 
W"W_94D 4� \GìI[EG (G4� C[IM[G IO \GLÁO 4OCd X¾| (ÇM \GìI[EG 4� \Q. &G W"W_94D 4h C[Nh;d\G4 
C[IM[G IO O5G[ %TëN4 XhC[ Xe| \G\ìCN \Tå4O4D 4� O[O[ /Wd W"W_94D 4h C[Nh;d\G4 C[IM[G IO O5[ 
;[ W4C[ Xe| @[Nh@ )ìM[G\QND 4� (INh6 Wd /Wd G]CL[OD 4ü ÈMC[ .T" \GìI[EG M» K�C T̀\; 4ü ;[ W4C] Xe| 
@[Nh@ )ìM[G\QND 4� O[O[ )ìM]N \Tå4O4 4� å4W] L] $\L\TÝN[W 4� \Q. (W4[ (INh6 W"LT Xh ;[C[ Xe| 
;K )ìM]N \Tå4O4 ?Ø@d $"CåOÈ 4ü 2O $\LM̂5 XhC[ Xe CK (W4[ C[IM[G &CG[ 4M Xh ;[C[ Xe å4 TX 
)ìM[ çhC 4� \Q. )ìM[ $\L6M 4ü COX 4[NÁ 4O W4C[ Xe &W #4[O W"W_94 )ìM]N \Tå4O4 4� 4[OB ?Ø@[ 
Xh ;[C[ Xe| ;K K[� \Tå4OB 4� 4[OB )ìM]N \Tå4O4 4ü WCX 4[ C[IM[G )ìM[ çhC Wd $\F4 Xh ;[C[ Xe Ch 
)ìM[GQ] 4� @[Nh@ #L[T O[O[ )ìM]N \Tå4O4 Wd )ìM[ çhC 4ü 2O )ìM[ 4[ W"9OB $T�; Xh ;[C[ Xe| &N 
$T\F 4� EiO[G G]CL[O N[ Ch íTN" 4� C[I]N ;tÙT 4� 4[OB ?Ø@[ OXC[ Xe N[ &W4[ å4W] Te4\çI4 )ìM[ 
$\L6M 4� W[D W"I4· XhGd 4� 4[OB NX ?Ø@[ OXC[ Xe| \9T 2 M» .4 W"W_94 4� C[I \GN"TB 4� \Q. Eh \Tå4O4D 
4[ (INh6 @[Nh@ )ìM[GQ] 4� W[D åE5[N[ 6N[ Xe| C[Nh;d\G4 $G^#Nh6D M» &W K[C 4[ \TUdV ÜN[G O5G[ 
%TëN4 XhC[ Xe å4 (I'X 4ü W"O9G[ 4� 4ãIGD 4[ )ìM[GQ] 4� M[ÜNM Wd W"W_94D 4� \GìI[EG IO 4h' K̂O[ 
#L[T GXù ItG[ 9[åX.|  

 

\9T \9T \9T \9T 2 2 2 2 ((((I'XD M» .4 Wd $\F4 \TI'XD M» .4 Wd $\F4 \TI'XD M» .4 Wd $\F4 \TI'XD M» .4 Wd $\F4 \Tå4å4å4å4O4D 4[ @[Nh@ )ìM[GQ] 4� W[D )INh6O4D 4[ @[Nh@ )ìM[GQ] 4� W[D )INh6O4D 4[ @[Nh@ )ìM[GQ] 4� W[D )INh6O4D 4[ @[Nh@ )ìM[GQ] 4� W[D )INh6    

    

@[Nh@ )ìM[G\QND 4� #9[QG 4[ \W;["C@[Nh@ )ìM[G\QND 4� #9[QG 4[ \W;["C@[Nh@ )ìM[G\QND 4� #9[QG 4[ \W;["C@[Nh@ )ìM[G\QND 4� #9[QG 4[ \W;["C    

@[Nh@ )ìM[GQ] 4ü 4[NÁ #B[Q] WM<Gd 4� \Q. XM» IXQd W[M[ÝN )ìM[GQ] 4� #9[QG 4h WM<G[ Xh6[| 
)ìM[GQ] .4 K"E GQ] XhC] Xe \;W4ü %"CåO4 åET[OD IO 4�\U4[ W"O9G[ XhC] Xe| &W GQ] 4h I_O] COX Wd 
5[Q] 4O4� Dht] M[T[ M» #9[QG 2T LO[ ;[C[ Xe| GQ] M» 2T $IG] T[ìI 4� W[D W"C̀o $TíD[ M» XhC[ Xe| 
)ìM[GQ] K"E T[ìI]4OB .T" W"7GG 9C IO 4[NÁ 4OC] �' K�C (g EOD Wd )ìM[ 4[ íD[G["COB4O W4C] Xe| 
T[íCT M» )ìM[GQ] .4 K�C $\F4 )ìM]N 9[Q4ÙT T[Q] F[Ĉ 4ü :t 4� WM[G 4[NÁ 4OC] Xe| &W4ü )ìM]N 
9[Q4C[ .4 (ÇM 9[Q4 F[Ĉ Wd L] 4' Wi 6̂G[ $\F4 XhC] Xe|  

;K )ìM[GQ] 4� å4W] L] L[6 IO )ìM[ 4[ \GTdU å4N[ ;[C[ Xe Ch 4�\U4[ KÇ] M» (I\íDC 2T 4[ T[ìI E[K 
Ku ;[C[ Xe| 4�\U4[ KÇ] M» (I\íDC 2T 4[ T[ìI]4OB Xh ;[C[ Xe CD[ T[ìI E[K M» $"CO 4� 4[OB T[ìI 4[ 
#T[X GQ] 4� ?Ø@d L[6 4ü 2O XhC[ Xe, ;X[" IO T[ìI Wd )ìM[ M̂F Xh4O (W4[ 2T M» W"7GG Xh ;[C[ Xe| 
W"7\GC 2T 4�\U4[ W"O9G[ M» 4�\U4[ #L[T 4� 4[OB )ìM[GQ] 4� (G ÈdTD 4ü % ;[C[ Xe ;X[" IO T[ìI]4OB 
4� 4[OB 2T 4[ $L[T Xh 6N[ Xe| &W COX T[ìI4 Wd W"7\GT 4ü 2O )ìM[ 4[ íD[G["COB XhC[ OXC[ Xe| \9T 3 
M» )ìM[GQ] 4ü 4[NÁ#B[Q] 4h åE5[N[ 6N[ Xe| )ìM[GQ] 4� #9[QG 4h :# I`D4 WX4[\Q4 #\CN[2" 4� eI 
M» íI` å4N[ ;[ W4C[ Xe|  
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\9T \9T \9T \9T 3 3 3 3 )ìM[GQ] 4ü 4[NÁ #B[Q] 
1. )ìM[GQ] 4ü K[XO] WCX Wd 4�\U4[ W"O9G[ M» 2T-T[ìI $"CO[Ì� C4 )ìM[ 4[ 9[QG 
2. 6MÁ L[6 M» 2T-T[ìI $"CO[Ì� IO 2T Wd T[ìI M» )ìM[UhV] #[TíD[ IåOTCÁG 

3. )ìM[GQ] 4� 6MÁ L[6 Wd ?Ø@d L[6 4ü 2O T[ìI 4[ #T[X 

4. ?Ø@d L[6 M» 2T-T[ìI $"CO[Ì� IO T[ìI Wd 2T M» )ìM[ÈdI] #[TíD[ IåOTCÁG 

5. 2T-T[ìI $"CO[Ì� Wd )ìM[GQ] 4ü K[XO] WCX 4ü 2O )ìM[ 4[ 9[QG 

6. #9[QG 2T 4[ 4�\U4[ #L[T 4� 4[OB W"7\GT Wd T[ìI4 4ü 2O #T[X 

(IOhF #\CN[2" M» Wd #DM I["9 #\CN[." )ìM[ .T" 2êNM[G íD[G["COB #\CN[." X¾| &G #\CN[2" 4� IåO9[QG 
4� \Q. C[I]N #TBC[ %TëN4 XhC] Xe|  

 

@[Nh@ )ìM[GQ] M» .4 åEU[ M» )ìM[ 4[ íD[G["COB )g 9[Q4C[ 4� W[D XhC[ Xe Qdå4G \TIO]C åEU[ M» 
(IOhF #\CN[2" M» Wd å4W] L] .4 #\CN[ M» $TOhF (ÙI> XhGd IO )ìM[ íD[G["COB L] $T�; Xh ;[C[ Xe CK 
TX )ìM[GQ] @[Nh@ )ìM[GQ] 4ü COX 4[NÁ 4OGd Q6C] Xe|  

 

)ìM[GQ] 4ü WCX IO )ìM[ \GTdU N[ \GíC[OB 4� \Q. ÈdT 4[ M[G , )ìM[GQ] 4ü K[XO] WCX IO )ìM[ 

íD[G["COB 6̂B["4 , )ìM[GQ] 4ü WCX 4[ C[IM[G  CD[ )ìM[ çhC N[ \W"4 4ü WCX 4[ C[IM[G  

Xh CK )ìM[ çhC N[ \W"4 Wd )ìM[GQ] 4h )ìM[ íD[G["COB 4[ M[G \GãG WM]4OB O[O[ É[C å4N[ ;[ W4C[ 
Xe|  

 

(IOhF WM]4OB M» XM Ed5Cd X¾ å4  4[ M[G KEQGd Wd )ìM[ íD[G["COB M» IåOTCÁG Q[N[ ;[ W4C[ Xe CD[ NX 

U_ÝN XhGd IO )ìM[ íD[G["COB U_ÝN Xh W4C[ Xe| $6O XM 4�TQ .4 X] åEU[ M» NX M[G U_ÝN Xh ;[C[ Xe Ch TX 
)ìM[GQ] @[Nh@ )ìM[GQ] 4ü COX 4[NÁ 4OGd Q6C] Xe|  

 

@[Nh@ )ìM[GQ] M» @[Nh@ #L[T W\CN XhGd IO )ìM[ íD[G["COB K�C 4M Xh ;[C[ Xe| &W EU[ M» ;h )ìM[ 
íD[G["COB XhC[ Xe TX )ìM[GQ] 4� IE[DÁ M» )ìM[ 4� 9[QG 4� O[O[ X] XhC[ Xe| &W\Q. @[Nh@ )ìM[GQ] M» GQ] 
4ü W"O9G[ 4� IE[DÁ 4[ )ìM]N 9[Q4C[ 6̂B["4 ÝN_GCM XhG[ 9[åX. \;WWd \TIO]C åEU[ M» IE[DÁ 4� 9[QG 
O[O[ )ìM[ W"9OB ÝN_GCM Xh| IE[DÁ 4[ )ìM]N 9[Q4C[ 6̂B["4 4M XhGd Wd @[Nh@ )ìM[GQ] 4ü K[XO] WCX Wd 
4�\U4[ KÇ] W"O9G[ C4 )ìM[ #T[X 4� M[6Á 4[ C[I]N #\COhF L] Ku ;[C[ Xe \;WWd @[Nh@ )ìM[ GQ] 4[ 
W[M[ÝN )ìM[ GQ] 4ü COX #9[QG IO K̂O[ #L[T ItC[ Xe| &W COX XM Ed5Cd X¾ å4 @[Nh@ )ìM[GQ] 4ü W"O9G[ 
4� IE[DÁ 4� )ìM]N 6̂BFMµ Wd IOíIO \TOhF] $IdÈ[." XhC] Xe| &W\Q. XM» @[Nh@ )ìM[GQ] 4ü W"O9G[ 4[ IE[DÁ 
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/W[ 9̂GG[ 9[åX. ;h .4 åEU[ M» W[M[ÝN )ìM[ GQ] 4ü COX $Ï:[ \GìI[EG #E\UÁC 4O» CD[ \TIO]C åEU[ M» 
$Ï:d )ìM]N @[Nh@ 4ü COX 4[NÁ 4O»|  
    

\T\L> @[Nh@ )ìM[G\QN["\T\L> @[Nh@ )ìM[G\QN["\T\L> @[Nh@ )ìM[G\QN["\T\L> @[Nh@ )ìM[G\QN["::::    
DMfÁW[&JG )ìM]N @[Nh@ 4[ WOQCM (E[XOB Xe| DM®W[&JG .4 /W] )ìM[GQ] Xe \;WM» 2T #T[X 4�\U4[ 
#L[T 4� íD[G IO 6̂eÙT 4� 4[OB XhC[ Xe| WOQCM eI M» DM®W[&JG F[Ĉ 4ü .4 K"E GQ] XhC] Xe \;WM» $çI 
M[T[ M» 2T XhC[ Xe| 2T (W4ü T[ìI 4� W[D W[ãN $TíD[ M» XhC[ Xe| \9T 4 M» DM®W[&JG 4ü 4[NÁ#B[Q] 4h 
åE5[N[ 6N[ Xe| $6O .4 DM®W[&JG 4h &W COX O5[ ;[C[ Xe å4 (W4[ TX L[6 ;X[" IO )ìM[ 4[ #TdU XhC[ 
Xe $D[ÁCj T[ìI4, \GãGCO íCO IO Xh CD[ TX ÈdT ;X[" Wd )ìM[ 4[ \G6ÁM XhC[ Xe, \;Wd W"7\GT 4XCd X¾, (gCO 
íCO IO Xh CK TX .4 )ìM]N @[Nh@ 4ü COX 4[NÁ 4OC[ Xe| T[ìI4 M» )ìM[ 4[ \GTdU XhGd IO 2T T[ìI M» 
IåOT\CÁC XhC[ Xe CD[ T[ìI W"7\GT ÈdT 4ü 2O ;[C] Xe| 4M C[IM[G IO T[ìI W"7GG XhGd IO 2T M» IåOT\CÁC Xh 
;[C] Xe ;h 6̂eÙT 4� 4[OB 2T 4ü \vçM 4� eI M» I^G# T[ìI4 4ü 2O Qi> %C[ Xe| &W #4[O 2T 4� T[ìI]4OB 
.T" W"7GG CD[ T[ìI .T" 2T #T[X 4� 4[OB )ìM[ 4[ T[ìI4 Wd W"7\GT 4ü 2O WCC íD[G["COB XhC[ OXC[ Xe| 
$6O XM W"7\GT ÈdT M» )ìM[ 4[ \GTdU 4O» Ch \TIO]C åEU[ M» $D[ÁCj T[ìI4 ÈdT 4ü 2O )ìM[ 4[ íD[G["COB 
GXù XhC[ Xe ÊNDå4 W"7\GT ÈdT M» )ìM[ 'XB 4OGd 4� \Q. %TëN4 2T 4ü $G^I\íD\C Xe| &W COX DMµW[&JG 
.4 X] åEU[ M» )ìM[ íD[G["COB 4OC[ Xe|  

 

\9T 4 DM®W[&JG 4ü 4[NÁ #B[Q] 
    

2T I[U @[Nh@ )ìM[2T I[U @[Nh@ )ìM[2T I[U @[Nh@ )ìM[2T I[U @[Nh@ )ìM[GQ]GQ]GQ]GQ]    ((((    Liquid Trap Diode Heat Pipe)Liquid Trap Diode Heat Pipe)Liquid Trap Diode Heat Pipe)Liquid Trap Diode Heat Pipe)    

NX \T\L> @[Nh@ )ìM[G\QND M» Wd WKWd W[M[ÝN @[Nh@ )ìM[GQ] Xe| 2T I[U @[Nh@ M» T[ìI4 T[Qd \WOd IO .4 
4�\U4[ KÇ] W"O9G[ N^F %UN (Reservoir) KG[ XhC[ Xe ;eW[ å4 \9T 5 M» åE5[N[ 6N[ Xe| NX %UN 
)ìM[GQ] Wd ;^t[ XhC[ Xe Qdå4G &W4ü 4�\U4[ KÇ] W"O9G[ M̂ËN GQ] 4ü KÇ] W"O9G[ Wd ;^t] �' GXù XhC] Xe| 
W[M[ÝN #9[QG 4� EiO[G %UN W_5[ XhC[ Xe CD[ T[ìI4 M» )ìM[ 4[ \GTdU 4OGd IO NX @[Nh@ )ìM[ GQ] 
W[M[ÝN )ìM[ GQ] 4ü COX 4[NÁ 4OC] Xe| \TIO]C åEU[ M» $D[ÁCj W"7\GT ÈdT M» )ìM[ 4[ \GTdU 4OGd IO %UN 
T[Q[ \WO[ ?Ø@[ XhC[ Xe| CD[ T[ìI %UN 4ü ?Ø@] WCX IO W"7\GC Xh4O %UN M» .4\TC Xh ;[C] Xe| %UN 
4ü KÇ] W"O9G[ I`D4 XhGd 4� 4[OB &WM» .4\TC 2T 4�\U4[ #L[T 4� 4[OB W"7\GT C4 GXù I�"9 I[C[ Xe| 
;eWe-;eWd %UN M» 2T LOGd Q6C[ Xe M̂ËN )ìM[GQ] 4ü KÇ] M» 2T 4ü 4Mù XhGd Q6C] Xe 3O $"CC# TX I_BÁ eI 
Wd W_5 ;[C] Xe CD[ )ìM[GQ] 4[ #9[QG e4 ;[C[ Xe| &W \íD\C M» )ìM[GQ] $Ï:d 9[Q4 4� íD[G IO )ìM[ 
4� $TOhF4 4ü COX 4[NÁ 4OGd Q6 ;[C] Xe|  
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\9T \9T \9T \9T 5 5 5 5 2T I[U @[Nh@ )ìM[GQ]2T I[U @[Nh@ )ìM[GQ]2T I[U @[Nh@ )ìM[GQ]2T I[U @[Nh@ )ìM[GQ]    
2T $TOhF4 @[Nh@ )ìM[GQ]2T $TOhF4 @[Nh@ )ìM[GQ]2T $TOhF4 @[Nh@ )ìM[GQ]2T $TOhF4 @[Nh@ )ìM[GQ]    ((((Liquid Blockage Diode Heat Pipe)Liquid Blockage Diode Heat Pipe)Liquid Blockage Diode Heat Pipe)Liquid Blockage Diode Heat Pipe)    

2T $TOhF4 @[Nh@ )ìM[GQ] M» L] .4 %UN M̂ËN )ìM[GQ] W"O9G[ Wd ;^t[ OXC[ Xe| NX %UN )ìM[GQ] 4� 
W"7\GT ÈdT T[Qd \WOd Wd ;^t[ OXC[ Xe ;eW[ å4 \9T 6 M» åE5[N[ 6N[ Xe| 2T I[U @[Nh@ )ìM[GQ] 4ü COX &W 
%UN 4ü %"CåO4 WCXD IO 4�\U4[ KÇ] W"O9G[ XhC] Xe ;h M̂ËN GQ] 4ü 4�\U4[ KÇ] W"O9G[ Wd ;^t] �' GXù 
XhC] Xe| W"7\GT ÈdT 4� \WOd Wd ;^td %UN M» $\CåOF #9[QG 2T LO[ XhC[ Xe| M̂ËN )ìM[GQ] 4ü 4�\U4[ KÇ] 
W"O9G[ L] #9[QG 2T Wd W"C̀o XhC] Xe| ;K T[ìI4 4� \WOd IO )ìM[ 4[ \GTdU XhC[ Xe CK @[Nh@ )ìM[GQ] 
W[M[ÝN )ìM[GQ] 4ü COX $Ï:d )ìM]N 9[Q4 4ü COX #9[QG 4OC] Xe| Qdå4G \TIO]C åEU[ M» $D[ÁCj W"7\GT 
ÈdT M» )ìM[ 4[ \GTdU 4OGd IO %UN M» LO[ 2T L] 6MÁ Xh4O T[ìI M» IåOT\CÁC XhGd Q6C[ Xe| NX $\CåOF T[ìI 
?Ø@d T[ìI4 4ü WCX 4� W"I4· M» %Gd Wd W"7\GC Xh4O 2T M» IåOT\CÁC Xh ;[C] Xe| )ìM[ 4� \GTdU 4� 4[OB 2T 
Wd LO[ %UN W_5 ;[C[ Xe| F]Od-F]Od W"I_BÁ T[ìI4 ÈdT M» $\CåOF 2T LO ;[Gd 4� 4[OB W"7GG #\CN[ �4 ;[C] 
Xe 3O )ìM[ GQ] 4[ W[M[ÝN #9[QG e4 ;[C[ Xe| &W \íD\C M» )ìM[GQ] )ìM[ 4� $TOhF4 4ü COX 4[NÁ 
4OGd Q6C] Xe|  

&W @[Nh@ )ìM[GQ] 4ü $\L4çIG[ &W COX Wd XhG] 9[åX. å4 ÌÚT] 4� 6̂eÙT 4� #L[T M» IO]ÈB 4� EiO[G L] 
T[ìI4 ÈdT M» $\CåOF 2T LO[ OX¾| &W4� T[ìI4 ÈdT M» .4 ¤6 Q6[N[ ;[C[ Xe \;WWd ¤6 3O T[ìI4 4ü WCXD 
4� MÜN 4[ íD[G 2T Wd LO W41|  

 

\9T \9T \9T \9T 6 6 6 6 2T $TOhF4 @[Nh@ )ìM[GQ]2T $TOhF4 @[Nh@ )ìM[GQ]2T $TOhF4 @[Nh@ )ìM[GQ]2T $TOhF4 @[Nh@ )ìM[GQ]    
6eW $TOhF4 @[Nh@ )ìM[GQ]6eW $TOhF4 @[Nh@ )ìM[GQ]6eW $TOhF4 @[Nh@ )ìM[GQ]6eW $TOhF4 @[Nh@ )ìM[GQ]    ((((    Gas BloGas BloGas BloGas Blockage Diode Heat Pipe )ckage Diode Heat Pipe )ckage Diode Heat Pipe )ckage Diode Heat Pipe )    

6eW $TOhF4 @[Nh@ )ìM[GQ] 4ü 4[NÁ #B[Q] L] 2T $TOhF4 @[Nh@ )ìM[GQ] 4ü COX XhC] Xe, &WM» L] 
W"7\GT 4� W[D .4 %UN ;^t[ OXC[ Xe Qdå4G &W4� %UN M» 4h' 4�\U4[ W"O9G[ GXù XhC] Xe CD[ %UN M» 2T 
4� íD[G IO $W"7G]N 6eW LO] XhC] Xe| T[ìI4 4h )ìM[ EdGd IO NX W[M[ÝN )ìM[ GQ] 4ü COX EÈC[ Wd 
W"7\GT C4 )ìM[ íD[G["CåOC4O EdC] Xe| \TIO]C åEU[ M» $D[ÁCj W"7\GT M» )ìM[ \GTdU 4OGd IO 4�\U4[ W"O9G[ 
M» #9[QG 2T 4� W[D $W"7G]N 6eW Wd LO[ %UN L] 6MÁ XhGd Q6C[ Xe| NX 6eW 6MÁ Xh4O T[ìI4 ÈdT 4ü 2O 
#T[åXC XhC] Xe| 6eW $W"7G]N XhGd 4� 4[OB T[ìI4 ÈdT M» LO ;[C] Xe CD[ T[ìI 4ü W"7GG #\CN[ 4h K[\FC 
4O EdC] Xe|  
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T[ìI \GN"\TC )ìM]N @[Nh@T[ìI \GN"\TC )ìM]N @[Nh@T[ìI \GN"\TC )ìM]N @[Nh@T[ìI \GN"\TC )ìM]N @[Nh@    ((((Vapour Modulated Thermal Diode)Vapour Modulated Thermal Diode)Vapour Modulated Thermal Diode)Vapour Modulated Thermal Diode)    

T[ìI \GN"\TC )ìM]N @[Nh@ 4ü W"O9G[ W[M[ÝN )ìM[GQ] 4ü COX XhC] Xe, &WM» T[ìI4 .T" W"7\GT ÈdT 4� 
MÜN .4 ÷f>\Q"6 T[çT Q6[ XhC[ Xe \;WM» Wd T[ìI 4[ #T[X .4 X] åEU[ M» Xh W4C[ Xe| \9T 7 M» T[ìI \GN"\TC 
)ìM]N @[Nh@ 4ü 4[NÁ #B[Q] 4h åE5[N[ 6N[ Xe| T[ìI4 M» )ìM[ \GTdU 4OGd IO T[ìI \GK[ÁF eI Wd W"7\GT 
C4 #T[X XhC] Xe \;WWd W[M[ÝN )ìM[GQ] 4ü COX #9[QG ;[O] OXC[ Xe| Qdå4G W"7\GT ÈdT M» )ìM[ \GTdU 
4OGd IO ;K T[ìI W"7\GT L[6 Wd T[ìI4 L[6 4ü 2O ;[C] Xe Ch ÷f>\Q"6 T[çT \TIO]C åEU[ M» T[ìI #T[X 4� 
4[OB K"E Xh ;[C[ Xe &W COX T[ìI 4[ #T[X e4 ;[C[ Xe| T[ìI #T[X e4 ;[Gd IO )ìM[GQ] 4[ W[M[ÝN 
#9[QG K"E Xh ;[C[ Xe| &W COX 4ü )ìM[GQ] .4 åEU[ M» #L[T] 9[Q4 4ü COX 4[NÁ 4OC] Xe Ch E_WO] åEU[ M» 
.4 )ìM[ OhF4 4ü COX 4[NÁ 4OC] Xe, &Wd )ìM]N @[Nh@ 4X[ ;[C[ Xe|  

 

\9T \9T \9T \9T 7 7 7 7 T[ìI \GN"\TC )ìM]N @[Nh@T[ìI \GN"\TC )ìM]N @[Nh@T[ìI \GN"\TC )ìM]N @[Nh@T[ìI \GN"\TC )ìM]N @[Nh@    

@[Nh@ )ìM[G\QND 4[ M_çN["4G@[Nh@ )ìM[G\QND 4[ M_çN["4G@[Nh@ )ìM[G\QND 4[ M_çN["4G@[Nh@ )ìM[G\QND 4[ M_çN["4G    

XMGd @[Nh@ )ìM[G\QND 4ü \T\L> $\L4çIG[." Ed5] X¾| \GãG M[IEØ@D 4� %F[O IO &G $\L4çIG[2" 4[ 
M_çN["4G 4[ ;[ W4C[ Xe|  
1. $\'M \T\F N[ W[M[ÝN )ìM[GQ] 4ü COX #9[QG 4� EiO[G )ìM]N \GìI[EG 

2. \TIO]C \TF] N[ @[Nh@ 4ü COX #9[QG 4� EiO[G )ìM]N \GìI[EG 

3. \GìI[EG 4h #L[\TC å4. \KG[ @[Nh@ )ìM[GQ] 4h å4CG[ Mht[ ;[ W4C[ Xe|  
4. .4-6̂eÙT 4� ÈdT M» IO]ÈB 4ü W[MÚNÁ 
5. 2êNM[G .T" %NCG 4ü %TëN4C[." 
6. \TëTWG]NC[ CD[ #9[QG 4[ $G^LT 

 

\Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
$"CåOÈ (INh6D M» @[Nh@ )ìM[G\QND 4� (INh6 4ü K�C W"L[TG[." X¾| @[Nh@ )ìM[G\QND 4� (INh6 Wd )ìM[ 
\Tå4O4 .T" C[I4D 4[ &ìCM]4OB4O (I'XD M» 2êNM[G .T" \TâC );[Á êNN M» 4M] Q[' ;[ W4C] Xe| 
C[Nh;d\G4 W"W_94D .T" W"TdE4D 4� \Q. @[Nh@ )ìM[GQ] TOE[G \W; Xh W4C] Xe &W\Q. C[Nh;d\G4 @[Nh@ 
)ìM[G\QND IO L] $G^W"F[G .T" \T4[W 4ü %TëN4C[ Xe|  
W"ELÁ W_9]W"ELÁ W_9]W"ELÁ W_9]W"ELÁ W_9]    

1. Groll.M, Supper.W., Shutdown Characteristics of an Axial-Groove Liquid-Trap Heat-Pipe 

Thermal Diode, J. Spacecraft, No.2, Mar-April 1982, pp 173-178. 

2. Chi. S.W. Heat Pipe Theory and Practice, Hemisphere Publishing Corporation, 1976 

3. Cryogenic Thermal Diode Heat Pipe, Grumman Aerospace Corporation, NASA-CR-152268 

***
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(>C $"CåOÈ #i(>C $"CåOÈ #i(>C $"CåOÈ #i(>C $"CåOÈ #iah\64ü $TNTah\64ü $TNTah\64ü $TNTah\64ü $TNT 

O[@[O (INh6 XdC ̂åMÊí@ \W�Q .\W4O[@[O (INh6 XdC ̂åMÊí@ \W�Q .\W4O[@[O (INh6 XdC ̂åMÊí@ \W�Q .\W4O[@[O (INh6 XdC ̂åMÊí@ \W�Q .\W4    ((((ASIC)ASIC)ASIC)ASIC)    4[ íTEdU] \T4[W .T" \T4[ íTEdU] \T4[W .T" \T4[ íTEdU] \T4[W .T" \T4[ íTEdU] \T4[W .T" \Tå4å4å4å4OB IO]ÈBOB IO]ÈBOB IO]ÈBOB IO]ÈB    

W";N 4WhE\GN[W";N 4WhE\GN[W";N 4WhE\GN[W";N 4WhE\GN[, , , , O[�Q \F"6[B]O[�Q \F"6[B]O[�Q \F"6[B]O[�Q \F"6[B], , , , åXM["U ̂I>dQåXM["U ̂I>dQåXM["U ̂I>dQåXM["U ̂I>dQ, , , , K]K]K]K].....W.W.W.W. . . . OMGOMGOMGOMG    3O 3O 3O 3O .G.G.G.G.....M.M.M.M. . . . EdW['EdW['EdW['EdW['    

$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412    

 

1111.... #íC[TG[#íC[TG[#íC[TG[#íC[TG[    
.M%O.W. (MRSA) Gd $IGd W_÷MCO"6 W^E_O W"TdEG #h'[M (MRSP) 4� CXC \T\TF T[N^-TåXC CD[ $"CåOÈ–

TåXC W_÷MCO"6] W"TdE4 ;eWd å4 W[O, í4�>ÄhM]>O, Odå@NhM]>O &ÙN[åE 4ü $\L4çIG[ CD[ \T4[W 4[ 4[NÁ #[O"L 
å4N[ D[| W["ëQd\V4 O[O4 O@[O (SAR) .4 W\CN #\C\K"KG O@[O Xe, \;W4[ 4_\V, %IE[ #K"FG, WM̂2\TÉ[G, 

L_-\TÉ[G, M[G\9T4Q[ &ÙN[åE 4� ÈdT M» K�W"ËN["4 (INh6 Xe| 1999 M» 2\UNGWe>-1 (IRS-P4) 4[ #Mh9G 
å4N[ 6N[ D[, ;hå4 WM̂2\TÉ[G IO \TUdV eI Wd $ÜNNG 4OGd XdĈ Ld;[ 6N[ #DM (I'X D[| &WM» Ld;d ;[Gd 
T[Q[ W_÷MCO"6 W"TdE4 D[ K�-%T̀\Ç CMT]ÈB Odå@NhM]>O (MSMR)| WM̂2 IO å4. 6. &W $ÜNNG 4h ;[O] 
O5Gd XdĈ &WOh O[O[ 2008 M» 2\UNGWe>-II (I'X 4[ #Mh9G å4N[ 6N[, \;GM» Ld;d ;[Gd T[Qd G]CL[O M» 
í4�>ÄhM]>O U[åMQ D[ \;W4[ (INh6 WM̂2 IO íD[G]N CD[ L_M"@Q]N ITG WåEUD 4[ %4QG 4OGd M» å4N[ ;[ 
OX[ Xe| TVÁ 2011 M» Md7[>Äf\IÊW G[M4 &Ý@h-u["W W"N^F $"CO[Á Ä̀]N (I'X 4[ #Mh9G å4N[ 6N[ \;W4[ #Nh6 
(ìB4å>K"F (tropics) M» ;Q 9C CD[ );[Á \TGMN 4� XdĈ å4N[ 6N[| &W4� (IO["C, TVÁ 2012 M» &WOh O[O[ 
O@[O #\C\K"KG (I'X (RISAT-1) 4[ WJQCM #Mh9G å4N[ 6N[ \;W4ü $\L4çIG[ CD[ \T4[W 4[ 4[NÁ 
2000 M» #[O"L å4N[ 6N[ D[|  

&G WMíC G]CL[OD M» $ÙN[F̂\G4 .@]W], W]åONQ[';O, @]-W]åONQ[';O, #dV-'[X] (>Ä["WåOW]TO), W]åONQ-&G-
IdOdQQ-%(>;eW] N^\FND 4[ #Nh6 4O4� %F[OK¾@ $"4üN #B[Q] 4ü $\L4çIG[ 4ü Xe \;WM» U[åMQ XhGd T[Qd 
(IC"T Xe $"4üN 9IÁ ;\GT, G]CL[O \GN"T4 ( CD[ (g-IåOU^;C[ (High Precision) %"4td $;Á4 C"T 
(DACS)|  

.M%O.W. M» .@]W], W]åONQ[';O, @]-W]åONQ[';O, #dV-'[X] (>Ä["WåOW]TO), W]åONQ-&G-IdOdQQ-%(> %åE 
åM\ÅC (åMÊí@) W"4�C (\W�Q) (INh6 \T\U` .4ü4_C IåOID (ASIC) N^\FND 4ü å@;['G 4[ 4[NÁ C]n 6\C Wd 
9Q OX[ Xe| IO"Ĉ #dV-'[X] (>Ä["WåOW]TO) .T" W]åONQ-&G-IdOdQQ-%(> #4[Nµ Wd N^F ..W@]%O (.@ÄdWdKQ 
\W"ChGW @]u1\U$Q åOW]TO) 4[ å@;['G 4[NÁ, W"\TO9G .T" IO]ÈB I_BÁ Xh 6N[ Xe .T" \Tå4OB IO]ÈB L] 4O 
\QN[ 6N[ Xe \;WM» Ktd X] (ÙW[X] GC];d #[o �. X¾| &W IT M» ..W@]%O 4[ \T4[W ID .T" IO]ÈBD 4[ (�d5 
å4N[ 6N[ Xe|  

 

2222.... åMÊí@ \W�Qå@;[&G #T[XåMÊí@ \W�Qå@;[&G #T[XåMÊí@ \W�Qå@;[&G #T[XåMÊí@ \W�Qå@;[&G #T[X 

.@]W], W]åONQ[';O, @]-W]åONQ[';O.T" ..W@]%O åMÊí@ \W�Q å@;['G Xe ;h å4 .WW].Q (9"@]6A) 
%F[åOC 180nm W]MhW (CMOS) C4G]4 IO Q\ÈC Xe| åMÊí@ \W�Q å@;['G-#T[X \9T W". 1 M» EU[ÁN[ Xe| 
u�>-/"@ .G[Q[6 å@;['G 4[ 4[NÁ 4�@dÝW TÏN^ÁWh .T" \WGhßW]W HSPICE Wd I_BÁ å4N[ 6N[| u�>-/"@ å@;]>Q 
å@;['G 4[ 4[NÁ \WG[ßW]W 4� å@;['G-4ãI['QO, #['M->['M, Qd@[, J[M¼Q]>] .T" MdÝ>O 4� Mf@Q-W]M Wd I_BÁ 
å4N[ 6N[ Xe| u�>-/"@ .G[Q[6 .T" å@;]>Q å@;['G 4[ 4[NÁ MSDG/SAC >]M Gd I_BÁ å4N[ .T" Ke4-/"@ å@;['G 
.T" Qd-%(> 4[ 4[NÁ .WW].Q O[O[ I_BÁ å4N[ 6N[|  
 

3333.... .@ÄdWdKQ.@ÄdWdKQ.@ÄdWdKQ.@ÄdWdKQ----\W"ChGW\W"ChGW\W"ChGW\W"ChGW----@]u1\U$Q@]u1\U$Q@]u1\U$Q@]u1\U$Q----åOW]TOåOW]TOåOW]TOåOW]TO    ((((..W@]%O..W@]%O..W@]%O..W@]%O) ) ) ) å@;[&Gå@;[&Gå@;[&Gå@;[&G    
..W@]%O M» K� \TF[ T[Q] ĈçN4[Q] .T" $ĈçN4[Q] \WO]NQ @[>[ X¾@Qù6 ÈMC[ Xe .T" &W4� O[O[ WM[G[ÝCO 
16-\K> 4[ ;GG å4N[ ;[ W4C[ Xe| \WO]NQ @[>[ $\L'XB XdĈ ..W@]%OM» RS422 \TâC-M[G4 4[ 
$\L4çI å4N[ 6N[ Xe ;hå4 QãK] E_O] IO @d>[ 4ü 6̂BTÇ[ \G\ë9C 4OC[ Xe| NX #4[NÁ .4 X] 9]I M» êN[I[åO4 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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CiO IO (IQáF GXù Xe .T" 4' \9ßW 4h åMQ[4O $K C4 NX #4[NÁ å4N[ ;[C[ OX[ Xe &W\Q. .4 X] 9]I M» &W 
#4[NÁ 4h I_BÁ 4OGd 4� XQ 4� eI M» ..W@]%O 4[ $\L4çI .T" \T4[W íTEdU] eI Wd å4N[ ;[ OX[ Xe|  

 

\9T W"\9T W"\9T W"\9T W"....1111    åMÊí@ \W�Q å@;['GåMÊí@ \W�Q å@;['GåMÊí@ \W�Q å@;['GåMÊí@ \W�Q å@;['G----#T[X#T[X#T[X#T[X    

..W@]%O .4 åMÊí@ \W�Q å@;['G Xe ;h å4 .WW].Q (9"@]6A) %F[åOC 180nm CMOS C4G]4 IO Q\ÈC 
Xe| NX N^\F RS422 M[G4 %F[åOC C]G \WåONQ \TLdE] \GTdU Qd4O &WWd 16 K]> 4� CMOS íCO 4� 
WM[G[ÝCO W"4�CD 4[ ;GG 4OC] Xe| ..W@]%O \íDC M̂ËN .G[Qf6 Mf@N^Q Xe – C]G RS422 M[G4 \TLdE] 
åOW]TO, RS422 M[G4 \TLdE] #d\VT, 3.3 Thç> Wd 1.8 Thç> 4[ Od5]4 Thç>d;-\GN[M4 (LVR), I[TO %G-åOWe> 
(POR) ;\GT .T" 4[QE-;\GT| ..W@]%O 4� å@\;>Q M[ø^Q Xe – 9[O #9[QG \TF[ T[Q[ ĈçN4[Q] W]åONQ 3 
C[O åOW]TO .T" $ĈçN4[Q] \WO]NQ Wd WM[G[ÝCO IåOTCÁ4 UART| u�>-/"@ .G[Q[6 å@;['G 4[ 4[NÁ 4�@dÝW 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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TÏN^ÁWh .T" \WGhßW]W HSPICE Wd I_BÁ å4N[ 6N[| u�>-/"@ å@;]>Q å@;['G 4[ 4[NÁ \WG[ßW]W 4� å@;['G-
4ãI['QO, #['M->['M, Qd@[, J[M¼Q]>] .T" MdÝ>O 4� Mf@Q-W]M Wd I_BÁ å4N[ 6N[ Xe| u�>-/"@ .G[Q[6 .T" å@;]>Q 
å@;['G 4[ 4[NÁ MSDG/SAC >]M Gd I_BÁ å4N[ .T" Ke4-/"@ å@;['G .T" Qd-%(> 4[ 4[NÁ .WW].Q O[O[ I_BÁ 
å4N[ 6N[|  

..W@]%O 4� \T\GE¼U \GãG #4[O Xe|  
#[9Q#[9Q#[9Q#[9Q    \T\GE¼U\T\GE¼U\T\GE¼U\T\GE¼U    

U\F #E[N    I/O 3.3V, 4hO-1.8V 

å@;]>Q \G6ÁM   16 K]>, 3.3 Thç> CMOS 

\GTdU    RS422 M[G4 

Ie4�;    CQFP 

\IGD 4ü W"ËN[   64 

;"ÊUG C[I    -40 °C, +125 °C 

ESD W^'[X]C[   2KV HBM 

\TF[2" 4ü W"ËN[   3 – ĈçN4[Q], 1 – $ĈçN4[Q] 
U\F ÈN    150 mW 

..W@]%O4[ 5Ø@ %Od5 \9T W". 2 M» EU[ÁN[ Xe| ;eW[ å4 5Ø@ %Od5 M» EU[ÁN[ 6N[ Xe &WM» 45 #4[NÁ \GTdU 
\G6ÁM \IG Xe| &W4� 21 \IG \GTdU XdĈ Xe .T" 24 \IG \G6ÁM XdĈ Xe|  

 

\9T W"\9T W"\9T W"\9T W"....2222    ..W@]%O 4[ 5Ø@ %Od5..W@]%O 4[ 5Ø@ %Od5..W@]%O 4[ 5Ø@ %Od5..W@]%O 4[ 5Ø@ %Od5    

.G[Q[6 .T" å@\;>Q M[ø_Q 4[ \TíC̀C TBÁG \GãG #4[O Xe# 

3333....1111     .G[Q[6 M[ø_Q.G[Q[6 M[ø_Q.G[Q[6 M[ø_Q.G[Q[6 M[ø_Q    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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..W@]%O \íDC .G[Q[6 M[ø_Q &W #4[O Xe# 

3333....1.11.11.11.1     RS422 RS422 RS422 RS422 M[G4 \TLdE] åOW]TO#M[G4 \TLdE] åOW]TO#M[G4 \TLdE] åOW]TO#M[G4 \TLdE] åOW]TO#    
\TLdE] åOW]TO RS422 M[G4 \TLdE] W"4�C #[o 4O &Wd CMOS íCO 4� .4Q W"4�C M» eI["CåOC 4OC[ Xe| \TLdE] 
åOW]TO 4� WL] \T\GE¼U RS422 M[G4 4� $ĜW[O Xe|  

3333....1.21.21.21.2     RS422RS422RS422RS422    M[G4 \TLdE] #d\VT#M[G4 \TLdE] #d\VT#M[G4 \TLdE] #d\VT#M[G4 \TLdE] #d\VT#    
\TLdE] #d\VT, CMOS/TTL íCO 4� .4Q W"4�C #[o 4O &Wd RS422 M[G4 \TLdE] W"4�C M» eI["CåOC 4OC[ Xe| Nd 
W"4�C \TLdE] åOW]TO 4h Ld;4O ÎG# CMOS/TTL íCO 4� .4Q \W�Q #[o 4O W4Cd X¾|  

3.1.33.1.33.1.33.1.3        3.3 3.3 3.3 3.3 Thç> Wd Thç> Wd Thç> Wd Thç> Wd 1.8 1.8 1.8 1.8 Thç> 4[ Od5]4 Thç>d; \GN[M4#Thç> 4[ Od5]4 Thç>d; \GN[M4#Thç> 4[ Od5]4 Thç>d; \GN[M4#Thç> 4[ Od5]4 Thç>d; \GN[M4#    
3.3 Thç> Wd 1.8 Thç> 4[ Od5]4 Thç>d; \GN[M4 .4 X[@Á-IP Xe &W4[ (INh6 3.3 Thç> Wd 1.8 Thç> #E[N #[o 
4OGd XdĈ å4N[ 6N[ Xe ;hå4 å@\;>Q 4hO .T" \GTdU/\G6ÁM XdĈ %TëN4 Xe NX 150 mA C4 4ü F[O[ #E[G4O 
W4C[ Xe|  

3.1.4 3.1.4 3.1.4 3.1.4     I[TOI[TOI[TOI[TO----%G%G%G%G----åOåOåOåOWe>We>We>We>    ((((POR) POR) POR) POR) ;\GT;\GT;\GT;\GT    

NX M[ø_Q I[TO-%G IO \GãG íCO T[Q[ 40uS 4[ íI"E ;GG 4OC[ Xe, \;WWd å@\;>Q M[ø_Q 4h ;[G] �' 
íD[N] $TíD[ M» Q[N[ ;[C[ Xe|  

3.1.53.1.53.1.53.1.5    4[QE4[QE4[QE4[QE----;\GT;\GT;\GT;\GT    

NX .4 åO"6 #4[O 4[ 4[QE-;\GT Xe| NX 4MHz 4ü 4[QE %T̀\Ç 4[ ;GG 4OC[ Xe \;W4ü ø_>] W['å4Q 
49-51% Xe|  

3333....2222     å@\;>Q M[ø_Qå@\;>Q M[ø_Qå@\;>Q M[ø_Qå@\;>Q M[ø_Q    

å@\;>Q M[ø_Q M» 9[O #9[QG \TF[." X¾|  
\TF[-0 – ĈçN4[Q] 24 K]> @[>[, 24 K]> \TíC[O T[Qd í>ÄhK 4� W[D 

\TF[-1 – ĈçN4[Q] 24 K]> @[>[, 1 K]> \TíC[O T[Qd í>ÄhK 4� W[D 

\TF[-2 – ĈçN[4[Q] 16 K]> @[>[, O[åOC 4[QE 4� W[D 

\TF[-3 – $ĈçN4[Q] 8 K]> UART 

9[OD #9[QG \TF[2" 4[ 4[N[ÁÝTNG \GãGिल�खत 2 M[ø_QD O[O[ å4N[ 6N[ Xe|  

3.2.1 3.2.1 3.2.1 3.2.1     \WåO\WåO\WåO\WåONQ NQ NQ NQ 3 3 3 3 C[O åOW]TOC[O åOW]TOC[O åOW]TOC[O åOW]TO    

- NX ĈçN4[Q] 3 \WåONQ W"4�C $\L'X]C4O &Wd 16 K]> 4� WM[G[ÝCO W"4�CD 4[ ;GG 4OC[ Xe|  
- \WåONQ @[>[ M» 24 K]> XhCd X¾, #DM 5 K]> WdçJ .@ÄdW, $6Qd 3 K]> %O\ÈC .T" $"\CM 16 K]> M» @[>[ 
XhC[ Xe|  
- 16 K]> 4� WM[G[ÝCO W"4�C CL] $I@d> Xh Cd X¾◌" ;K WdçJ .@ÄdW 4[ åMQ[G XhC[ Xe|  

- #[o W"4�CD 4� $G^W[O, NX \TF[-0, \TF[-1 .T" \TF[-2 4[ #9[QG 4OC[ Xe 

 

\9T\9T\9T\9T    W"W"W"W"....    3 3 3 3 ----    \TF[\TF[\TF[\TF[----0 0 0 0 4[WMN %Od54[WMN %Od54[WMN %Od54[WMN %Od5    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T\9T\9T\9T    W"W"W"W" . . . .4444----    \TF[\TF[\TF[\TF[----1 1 1 1 4[WMN %Od54[WMN %Od54[WMN %Od54[WMN %Od5    

 

\9T\9T\9T\9T    W"W"W"W"....5555    ----    \TF[\TF[\TF[\TF[----2 2 2 2 4[WMN %Od54[WMN %Od54[WMN %Od54[WMN %Od5    

3333....2.22.22.22.2     $C^çN4[Q] \WåONQ Wd WM[ÝCO e$C^çN4[Q] \WåONQ Wd WM[ÝCO e$C^çN4[Q] \WåONQ Wd WM[ÝCO e$C^çN4[Q] \WåONQ Wd WM[ÝCO eI[ÝCOI[ÝCOI[ÝCOI[ÝCO    ((((UART)UART)UART)UART)    

- W[TÁ\T4 $ĈçN4[Q] $\L'[X] (åOW]TO) $ĈçN4[Q] @[>[ 4h #[o 4O &WWd 8 K]> 4� WM[G[ÝCO \W�Q 
4[ ;GG 4OC[ Xe|  
- \TF[-3 4[ 4[N[ÁÝTG &W M[ø_Q O[O[ XhC[ Xe|  
- .4 4� K[E .4 4O4� 8 K]> 4� 4WQ 3 T@Á ($D[ÁCj 24 K]>) &W M[ø_Q O[O[ $Id\ÈC Xe|  
- &WM» K[@-Od> 9̂GGd 4� Eh \T4çI Xe íD[N] K[@-Od> .T" %>h K[@ Od> 

- íD[N] K[@-Od> M» 9600 K[@-Od> IO 4 MHz 4ü 4[QE $Id\ÈC Xe|  
- %>h-K[@-Od> M» 4[QE %T̀\Ç 4 MHz N[ &WWd $\F4 $Id\ÈC Xe|  

 

\9T W"\9T W"\9T W"\9T W"....6666    \TF[\TF[\TF[\TF[----3 3 3 3 4[WMN %Od54[WMN %Od54[WMN %Od54[WMN %Od5    

4.4.4.4.    (INh\6C[#(INh\6C[#(INh\6C[#(INh\6C[#    
.4 (IC"T Wd E_WOd (IC"T C4 @[>[ .T" \GE¼U I�!9[Gd 4ü %TëN4C[ I_\CÁ XdĈ ..W@]%O K�C (INh6] Xe| 
I[OãIåOC CiO IO &W %TëN4C[ XdĈ WM[G[ÝCO C[OD 4[ (INh6 å4N[ ;[C[ Xe \;WWd $\F4 C[O W.[, $\F4 
T;G .T" W"4�C-OT 4ü WMíN[ 5t] XhC] D]| ..W@]%OWd NX 4[NÁ \WåONQ $"CO[Ì� O[O[ XhC[ Xe .T" &G WL] 
WMíN[2" 4[ XQ L] Xh ;[C[ Xe| ..W@]%O M» RS422 M[G4 4[ 4[N[ÁÝTNG XhGd Wd QãK] E_O] T[Qd C[OD M» XhGd 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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T[Q] W"4�C-OT WMíN[ 4[ L] WM[F[G Xh ;[C[ Xe| IC[\L6MG QÈB 4� 4[OB ..W@]%O 4h Mç>]-@Ä[I \TF[ M» 
L] (INh64O 4' \GåEÁ` (IC"TD 4h .4 X] çhC Wd $"CO[Ì�4O C[O-W.[ 4h 2O L] 4M å4N[ ;[ W4C[ Xe|  

..W@]%O 4� W[M[ÝN (INh6D M» #dVB/$\L'[X] 4h Mç>]-K]> J�W .T" %N[M M[GD 4[ LOB, E_O[EdU, $\L'XB 

.T" \GN"T4 (INh6 M̂ËN Xe|  

5555. . . . QeK IO]ÈBQeK IO]ÈBQeK IO]ÈBQeK IO]ÈB    

..W@]%O 4[ W"\TO9G 4[NÁ >[TO-;[s &ç[&Q M» I_BÁ Xh 9̂4[ Xe .T" &W4[ \9T W".7 M» G]9d EU[ÁN[ 6N[ Xe|  

       

\9T W"\9T W"\9T W"\9T W"....7777    ..W@]%O @[' .T" \9I..W@]%O @[' .T" \9I..W@]%O @[' .T" \9I..W@]%O @[' .T" \9I    4[ Jh>h4[ Jh>h4[ Jh>h4[ Jh>h    

&W4[ Ie4�\;"6 4[NÁ L] .WW].Q M» å4N[ 6N[ Xe| ..W@]%O 4[ IO]ÈB We4 M» å4N[ 6N[ Xe| IO]ÈB Wd>-$I 
4[ \9T G]9d EU[ÁN[ 6N[ Xe|  

                            

\9T W"\9T W"\9T W"\9T W"....    8888    ..W@]%O 4[..W@]%O 4[..W@]%O 4[..W@]%O 4[    IO]ÈB Wd>IO]ÈB Wd>IO]ÈB Wd>IO]ÈB Wd>----$I$I$I$I    

6.6.6.6.    \T\T\T\Tå4å4å4å4OB IO]ÈBOB IO]ÈBOB IO]ÈBOB IO]ÈB    ((((Odå@.UG >dí>Odå@.UG >dí>Odå@.UG >dí>Odå@.UG >dí>))))    

..W@]%O 4[ >]%'@] (TID)\Tå4OB IO]ÈB .WW].Q \íDC 6[M[-4È M» å4N[ 6N[. TX[! IO 4hK[ç> 60 çhC 
Wd #[o \Tå4OB 4[ (INh6 å4N[ ;[C[ Xe \;W4[ @hW-Od> 62 Od@/ Wd4�Ø@ D[. IO]ÈB 4WQ 500 å4Qh Od@ C4 
å4N[ 6N[ \;WM» 300 å4Qh Od@ C4 WL] #4[NÁ W[M[ÝN OXd .T" &W4� K[E íD[N] $TíD[ F[O[ M» T̀\; Ed5] 6'| 
>]%'@] IO]ÈB IåOB[M 4[ \9TB G]9d '[J M» åE5[N[ 6N[ Xe|  
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\9T W"\9T W"\9T W"\9T W"....    9999    ..W@]%O 4[..W@]%O 4[..W@]%O 4[..W@]%O 4[    >]>]>]>]%'@] IO]ÈB IåOB[M%'@] IO]ÈB IåOB[M%'@] IO]ÈB IåOB[M%'@] IO]ÈB IåOB[M    

7.7.7.7.    \Gì4VÁ#\Gì4VÁ#\Gì4VÁ#\Gì4VÁ#    
..W@]%O 4� u�>-/"@ å@s[&G 4[ 4[NÁ We4 >]M O[O[ .T" Kd4-/"@ å@s[&G 4[ 4[NÁ .WW].Q O[O[ WJQC[I_TÁ4 
I_BÁ å4N[ 6N[ .T" W"\TO9G 4[ 4[NÁ >[TO-;[s &ç[&Q M» I_BÁ �% Xe| .WW].Q J[)Ý@O] 4[NÁU]Q GXù XhGd Wd 
W"\TO9G 4[NÁ >[TO-;[s &ç[&Q M» å4N[ 6N[ IO"Ĉ NX 4[NÁ $K .WW].Q M» L] å4N[ ;[ W4C[ Xe| &W4[ 
Ie4�\;"6 4[NÁ L] .WW].Q M» å4N[ 6N[ Xe| ..W@]%O 4[ IO]ÈB We4 M» å4N[ 6N[ Xe ..W@]%O 4[ >]%'@] 
(TID) \Tå4OB IO]ÈB .WW].Q \íDC 6[M[-4È M» å4N[ 6N[| ..W@]%O 4[ @[' \9T – 7 M» EU[ÁN[ 6N[ Xe 
\;W4[ ÈdTJQ 3.5åM.M]>O X 3.5 åM.M]>OXe| ..W@]%O, W_÷M CO"6 G]CL[O 4� \Q. K�C (INh6] Xe \;WM» 
Mç>]-K]> @[>[ 4[ å@;]>Q (IC"T Wd Odå@Nh %T̀\Ç (IC"T M» $"CO[Ì� Xe .T" ;X[! QãK] C[O-W.[ 4ü 
%TëN4C[ XhC] Xe| &W #4[O ..W@]%O 4[ NX íTEdU] \GM[ÁB 4[ O[íC[ C[O-W.[ .T" T;G 4h &`CM 4OGd 
M» $ÙN"C (INh6] Xh6[ .T" W[D X] Q[6C #L[T] L] Xh6[|  

4WQ 28 å@;['G 4[ W"\TO9G å4N[ 6N[ D[ \;W4ü Q6C 77 Q[5 �INd %' .T" #ÙNd4 å@;['G 4� 4WQ 516 
@[' #[o �.. &W #4[O #ÙNd4 @[' 4ü 4üMC 4O]K 266 eINd %' 

8.8.8.8.    %L[O#%L[O#%L[O#%L[O#    

&W Qd5 4� Qd54 ..W@]%O4� íTEdU] \GM[ÁB XdĈ #hÙW[XG .T" M[6ÁEUÁG 4� \Q. Å] CIG åMÅ[ (\GEdU4, We4), 
\GQdU EdW[' ((I \GEdU4, W_÷MCO"6 W^E_O W"TdEG ÈdT), >]@]I] WåM\C 4� #\C %L[O êNF 4OCd X¾| Qd54, 

.WW].Q, 9"@]6A 4ü >]M 4[ L] %L[O êNF 4OCd X¾ \;ÝXDGd ..W@]%O4� Ke4 ."@ å@;[&G M» MXÙTI_BÁ Nh6E[G 
åEN[|  

Qd54 Å] K].%O. O[;I_C (TåO� åX"E] $\F4[O]) 3O åX"E] 4È 4� WX4åMÁND 4� #\C, (G4ü &W Qd5 4h åX"E] M» 
M̂2B 4� XdĈ MEE 4� \Q. %L[O êNF 4OCd X¾|  

*** 
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT        
4[>®We>4[>®We>4[>®We>4[>®We>----2222C C C C G]CL[O 4� G]CL[O 4� G]CL[O 4� G]CL[O 4� 2222----K�íIdÊÔÄM] CD[ W[TÁTBú )ÜTÁ Ie4�; 4[ K�íIdÊÔÄM] CD[ W[TÁTBú )ÜTÁ Ie4�; 4[ K�íIdÊÔÄM] CD[ W[TÁTBú )ÜTÁ Ie4�; 4[ K�íIdÊÔÄM] CD[ W[TÁTBú )ÜTÁ Ie4�; 4[     

N["\T4ü $\L4çI .T" \TëQdVBN["\T4ü $\L4çI .T" \TëQdVBN["\T4ü $\L4çI .T" \TëQdVBN["\T4ü $\L4çI .T" \TëQdVB    

%åEÙN 4WM[O I\C"6d 
'MdQ: adityapatinge@sac.isro.gov.in 

$"CåOÈ (INh6 412, $XME[K[E–380015 

 

W[O["UW[O["UW[O["UW[O["U    

4[>®We>-2C $\LN[G M» \I:Qd $\LN[GD 4ü ĈQG[ M» WMN \TQ"KG WM[4QG W"W_94 (TDI) ;eW] 4' G' 
#iah\6å4ND 4[ &íCdM[Q å4N[ 6N[ Xe| &W T;X Wd \I:Qd $\LN[GD 4ü ĈQG[ M» &W G]CL[O 4� 4�MO[ 
&QdÊ>Ä[\G4ü M» 4[Jü KEQ[T %N[ Xe| K�íIdÊÔÄM] CD[ W[TÁTBú K¾@ M» Ie4�;D 4� $\L4çI &W COX Wd å4N[ 6. X¾ 
4ü (G4[ 2êNM[G CD[ %NCG 4M Wd 4M OXe| #íĈC Qd5 M» 2-K�íIdÊÔÄM] CD[ W[TÁTBú )ÜTÁ Ie4�; 4[ 
N["\T4ü $\L4çI .T" \TëQdVB 4[ \TTOB IdU å4N[ 6N[ Xe|  

 

1. #íC[TG[#íC[TG[#íC[TG[#íC[TG[:::: 
G6O] CD[ '[M]B W"IE[ #K"FG, C>]N L_åM 4[ \GNMG, Li6h\Q4W_9G[ #B[Q] (GIS) 4� (INh6 CD[ 
M[G\9T4Q[ 4� (INh6 %åE (ªdUD 4� \Q. Ku] �' ÎGO[TQh4G ÈMC[ 4� W[D 4[>®We>-2C $\LN[G 4[ 6?G 
å4N[ 6N[ Xe| &W $\LN[G 4� \T\GE¼UD 4� $G^W[O W[TÁTBú K¾@ M» L_-#\C9NG E_O] 0.65 m CD[ K�íIdÊÔÄM] K¾@ M» 
2m .T" #M[;Á 10 Km $\;ÁC å4N[ ;[G[ X¾| [5] $\LN[G 4ü M[!6 4� $"C6ÁC 4�MO[ &QdÊ>Ä[\G4ü 4� 2êNM[G CD[ 
%NCG 4h Q7̂ÇM IeM[Gd IO KG[N[ ;[G[ Xe| \I:Qd 4[>®We> G]CL[O– 2/2A/2B 4ü ĈQG[ M» 4[>®We>-2C 
G]CL[O M» WMN \TQ"KG WM[4QG W"W_94D (TDI) 4[ \TÝN[W Xh OX[ Xe &W\Q. I_BÁC: GT]GCM G]CL[O 4�MO[ 
&QdÊ>Ä[\G4ü \T4\WC 4ü ;[ OX] Xe| M̂ËN IeM[G[ NX Xe å4 \TaM[G 4[>®We>-2B E_OEUú 4ü N["\T4 W"O9G[, 
(I'X 4ü ÈMC[ CD[ N^6IC $\L4\QT #B[Q] (OBC)4h G :d@Cd �. L[O, M[I CD[ ÈMC[ 4h Q7̂ÇM 
KG[N[;[.| 4�MO[ &QdÊ>Ä[\G4ü 4h \GãG[G^W[O C]G L[6h M» K[!>[ 6N[ Xe: 
(i) $'["C 4�MO[ &QdÊ>Ä[\G4ü 
(ii) $"4üN \GN"TB #CMB &QdÊ>Ä[\G4ü 
(iii) G]CL[O U\F #E[N 

K�íIdÊÔÄM] K¾@ 4� $'["C 4�MO[ &QdÊ>Ä[\G4ü 4h 2 WM_XD M» K[!>[ 6N[ Xe – 2-K�íIdÊÔÄM] $'["C 4�MO[ &QdÊ>Ä[\G4ü 
;h 2 W"W_94D 4h WX[äN 4OC[ Xe 3O 3-K�íIdÊÔÄM] $'["C 4�MO[ &QdÊ>Ä[\G4ü W"W_94D 4h WX[äN 4OC[ Xe| &W] 
#4[O Wd W[TÁTBú K¾@ 4� 4�MO[ &QdÊ>Ä[\G4ü 4h (G4ü G]CL[O @d4 IO íD[IG êNTíD[ 4� $G^W[O 2 \TÝN[WD M» 
K[!>[ 6N[ Xe – )ÜTÁ 3O Èe\C;|     

2222.... íD[IG êNTíD[íD[IG êNTíD[íD[IG êNTíD[íD[IG êNTíD[::::    
Ie4�;%4_\C-1 4� $G^W[O G]CL[O @d4 IO íD[\IC å4. 6. X¾|  
 
3333.... $\L4çI 4� M[IE"@$\L4çI 4� M[IE"@$\L4çI 4� M[IE"@$\L4çI 4� M[IE"@::::    
Ie4�;D 4� $\L4çI 4� EiO[G \GãG[\Q\5C M[IE"@ $IG[. 6. X¾: 
(i) TX M̂\2C IåOID Kh@Á (PCB)4h IN[ÁTOB]N KQD 4� \TIO]C WX[äN EdGd 4[ #[DåM4 (ªdëN I_O[ 4Od|  
(ii) (W4ü IXQ] #[4_\C4 %T̀\Ç 100Hz Wd )IO Xh|  
(iii) TX 4M Wd 4M ;6X 3O 4M Wd 4M 2êNM[G Qd|  
(iv) $4�Qd C]GD $ÈD M» 100g $IåOT\CÁC $TíD[ 4� KQD 4ü T;X Wd 7>4D M» IeE[ XhGd T[Qd #\CKQ (G4ü 
5^E4ü WXGU]QC[ Wd 4M Xh|  
(v) 7>4D 4[ (ÙI[EG 4OG[ %W[G Xh 3O (G4[ WM̂gN 4OG[ L] %W[G Xh|  
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%4_\C%4_\C%4_\C%4_\C----¡¡¡¡: : : : 6\BC]N #\CeI6\BC]N #\CeI6\BC]N #\CeI6\BC]N #\CeI    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

(IN^Á\�\5C M[IE"@D 4� $G^W[O M[@_Q] $\L4çI (I6MG $IG[N[ 6N[ Xe \;W4� CXC 2-K�íIdÊÔÄM] 4�MO[ 
&QdÊ>Ä[\G4ü Ie4�; 4h Eh M[ø_QD M» \TL[\;C å4N[ 6N[ Xe – AB KfÊW WM̂gN CD[ CD KfÊW WM̂gN| &G Eh 
KfÊWD 4h K[E M» ;ht4O 2-K�íIdÊÔÄM]4�MO[ &QdÊ>Ä[\G4ü Ie4�; KG[N[ ;[.6[| &W] COX Wd W[TÁTBú )ÜTÁ Ie4�; 
WM̂gN 4h Eh M[ø_QD M» \TL[\;C å4N[ 6N[ Xe –WM̂gN1 3O WM̂gN2| EhGD 2-K�íIdÊÔÄM]4�MO[ 
&QdÊ>Ä[\G4ü Ie4�; WM̂gN 3O W[TÁTBú )ÜTÁ Ie4�; WM̂gN Eh úe4�>D 4ü WX[NC[ Wd G]CL[O @d4 IO íD[\IC 
å4. ;[N»6d| [1, , , , 4] 
    

4444.... \TëQdVB 4�\TëQdVB 4�\TëQdVB 4�\TëQdVB 4�    \Q\Q\Q\Q. . . . 6\BC]N #\CeI6\BC]N #\CeI6\BC]N #\CeI6\BC]N #\CeI::::    
T[íC\T4 WM̂gN 4h \TëQdVB 4� \Q. 6\BC]N #\CeI M» eI["CåOC å4N[ 6N[ Xe| &W4� \Q. W[Od K"F4D 4h X>[ 
åEN[ 6N[ Xe| W[D X] M̂\2C IåOID Kh@Á (PCB) IO íD[\IC W[Od W"K"F4D 4h X>[ åEN[ 6N[ Xe 3O M̂\2C IåOID 
Kh@Á (PCB) 4� 2êNM[G 4[ $G^eIB å4N[ 6N[ Xe| [3]

 

    

5555.... IE[Dµ 4� 6B̂FMÁIE[Dµ 4� 6B̂FMÁIE[Dµ 4� 6B̂FMÁIE[Dµ 4� 6B̂FMÁ::::    
W"O9G[ÙM4 \TëQdVB 4� \Q. IE[Dµ 4� \GãG\Q\5C 6̂BFMÁ &íCdM[Q å4. 6. X¾: 

साव8साव8साव8साव8वण9 ऊ;व8 पैकेजवण9 ऊ;व8 पैकेजवण9 ऊ;व8 पैकेजवण9 ऊ;व8 पैकेज 

नीतभार नीतभार नीतभार नीतभार 

0थापन0थापन0थापन0थापन    

>ैकेट>ैकेट>ैकेट>ैकेट

२२२२----बहु0पे23मीपैकेजबहु0पे23मीपैकेजबहु0पे23मीपैकेजबहु0पे23मीपैकेज 
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अतं�र� उपयोग क� � / �वकास एव ंशै��क संचार यूिनट, इसरो, अतं�र� �वभाग, अहमदाबाद  64 

 

%4_\C%4_\C%4_\C%4_\C----3333: : : : $\LQ"K \TF[ \TëQdVB M» \GTCÁG$\LQ"K \TF[ \TëQdVB M» \GTCÁG$\LQ"K \TF[ \TëQdVB M» \GTCÁG$\LQ"K \TF[ \TëQdVB M» \GTCÁG    

C
M["
4  

7>4  IE[DÁ  #ÙN[
íDC[ 
M[I["4 
(GPa) 

Ii&<G 
4[ 

$G^I[C 

(ν) 

C[I]N 
#WOB 4[ 

6̂B["4  
 (°C-1) 

IO[LT 
W[MÚNÁ  

 

(MPa) 

1 W[TÁTBú )ÜTÁ Ie4�; U]VÁ KfÊW 

.çN^åM\GN
M åMÅF[Ĉ  

 

 

 

70 

 

0.33 

 

23.6e-6 
 

275 

 

2 W[TÁTBú )ÜTÁ Ie4�; U]VÁ $"CO4 

3 W[TÁTBú )ÜTÁ Ie4�; U]VÁ ÌD¦OB ¤d> 

4 W[TÁTBú )ÜTÁ Ie4�; U]VÁ W"K"F4 IeGQ  

5 W[TÁTBú )ÜTÁ Ie4�; CQ KfÊW  

6 W[TÁTBú )ÜTÁ Ie4�; CQ $"CO4 

7 W[TÁTBú )ÜTÁ Ie4�; CQ ÌD¦OB ¤d> 

8 W[TÁTBú )ÜTÁ Ie4�; CQ W"K"F4 IeGQ 

9 W[TÁTBú )ÜTÁ Ie4�; úe4�>  

10 2-K�íIdÊÔÄM] -W[TÁTBú )ÜTÁ Ie4�; úe4�> 1  

11 2-K�íIdÊÔÄM] – KfÊW 2  

12 2-K�íIdÊÔÄM] $"CO4 

13 2-K�íIdÊÔÄM]ÌD¦OB ¤d> 

14 2-K�íIdÊÔÄM] – KfÊW 1 

15 2-K�íIdÊÔÄM] úe4�> 

16 2-K�íIdÊÔÄM]4t] IT4 WX[äN ¤d> 

17 2-K�íIdÊÔÄM] -W[TÁTBú )ÜTÁ Ie4�; úe4�> 2 

18 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 2IT4 

.J%O4 50 0.22 2.27e-06 344 

19 W[TÁTBú )ÜTÁ Ie4�; U]VÁ êX]I] IT4 

20 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 1IT4 

21 W[TÁTBú )ÜTÁ Ie4�; CQêX]I] IT4 

22 2-K�íIdÊÔÄM]K]W]@] IT4 

23 2-K�íIdÊÔÄM]êX]I]IT4 

W[OB]W[OB]W[OB]W[OB]----1111: : : : N["\T4 6B̂FMÁN["\T4 6B̂FMÁN["\T4 6B̂FMÁN["\T4 6B̂FMÁ 

    

6666.... W"O9G[ÙM4 \TëQdVBW"O9G[ÙM4 \TëQdVBW"O9G[ÙM4 \TëQdVBW"O9G[ÙM4 \TëQdVB::::    
WM̂gN 4[ $\LQ"K \TF[ \TëQdVB 3O íDe\C4 
\TëQdVB 4O4� $\L4çI 4ü ;[!9 4ü 6'|  
    

6666....1111    $\LQ"K \TF[ \TëQdVB$\LQ"K \TF[ \TëQdVB$\LQ"K \TF[ \TëQdVB$\LQ"K \TF[ \TëQdVB: : : :     
WM̂gN 4� %OhIB \:2D 4ü W[O] íT[C"õN 4hå>ND 
(DOF) 4[ \GTCÁG å4N[ 6N[| [2] &Wd %4_\C-3 M» EU[ÁN[ 
6N[ Xe| IåOB[M W[OB]-2 M» EU[Á. 6. X¾| \TF[ %4_\CN[! 
%4_\C-4 M» EU[ÁN] 6' X¾|  
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%4_\C%4_\C%4_\C%4_\C----4.24.24.24.2: : : : E_WO] \TF[E_WO] \TF[E_WO] \TF[E_WO] \TF[ %4_\C%4_\C%4_\C%4_\C----4.14.14.14.1: : : : IXQ] \TF[IXQ] \TF[IXQ] \TF[IXQ] \TF[ %4_\C%4_\C%4_\C%4_\C----4.34.34.34.3: : : : C]C]C]C]WO] \TF[WO] \TF[WO] \TF[WO] \TF[ 

W[OB]W[OB]W[OB]W[OB]----2222: : : : $\LQ"K \TF[ \TëQdVB 4� IåOB[M$\LQ"K \TF[ \TëQdVB 4� IåOB[M$\LQ"K \TF[ \TëQdVB 4� IåOB[M$\LQ"K \TF[ \TëQdVB 4� IåOB[M    

    

    

    

    

    

    

6666....2222    íDe\C4 \TëQdVBíDe\C4 \TëQdVBíDe\C4 \TëQdVBíDe\C4 \TëQdVB: : : :     
#Mh9G KQD 4� \T�; WM̂gN 4[ \GìI[EG ;[!9Gd 4� \Q. (WIOC]Gh $ÈD M» 100g 6̂�ÙT KQ Q6[N[ 6N[| 
\T\L> 7>4D IO %Gd T[Qd #\CKQD 4[ I_T[ÁG^M[G \G4Q[ 6N[| &W \TëQdVB 4� IåOB[M W[OB]-3 M» EU[Á. 6. X¾|  
CM["4 7>4 I_T[ÁG^M[\GC 

#\CKQ (MPa) 

WXGU\F 
#\CKQ 

(MPa) 

W^OÈ[ 
6̂B4 
(FOS) 

1 W[TÁTBú )ÜTÁ Ie4�; U]VÁ KfÊW 60 

275 

4.6 

2 W[TÁTBú )ÜTÁ Ie4�; U]VÁ $"CO4 12 22.9 

3 W[TÁTBú )ÜTÁ Ie4�; U]VÁ ÌD¦OB ¤d> 12 22.9 

4 W[TÁTBú )ÜTÁ Ie4�; U]VÁ W"K"F4 IeGQ  13 21.2 

5 W[TÁTBú )ÜTÁ Ie4�; CQ KfÊW  18 15.3 

6 W[TÁTBú )ÜTÁ Ie4�; CQ $"CO4 61 4.5 

7 W[TÁTBú )ÜTÁ Ie4�; CQ ÌD¦OB ¤d> 113 2.4 

8 W[TÁTBú )ÜTÁ Ie4�; CQ W"K"F4 IeGQ 29 9.5 

9 W[TÁTBú )ÜTÁ Ie4�; úe4�>  17 16.2 

10 2-K�íIdÊÔÄM] - W[TÁTBú )ÜTÁ Ie4�; úe4�> 1 11 25 

11 2-K�íIdÊÔÄM] – KfÊW 2 8 34.4 

12 2-K�íIdÊÔÄM] $"CO4 49 5.6 

13 2-K�íIdÊÔÄM] ÌD¦OB ¤d> 60 4.6 

14 2-K�íIdÊÔÄM] – KfÊW 1 90 3.1 

15 2-K�íIdÊÔÄM] úe4�> 95 2.9 

16 2-K�íIdÊÔÄM] 4t] IT4 WX[äN ¤d> 40 6.9 

17 2-K�íIdÊÔÄM] - W[TÁTBú )ÜTÁ Ie4�; úe4�> 2 35 7.9 

18 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 2 IT4 40 

344 

8.6 

19 W[TÁTBú )ÜTÁ Ie4�; U]VÁ êX]I] IT4 28 12.3 

20 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 1 IT4 100 3.44 

\TF[." \TF[." \TF[." \TF[."     %T`\Ç%T`\Ç%T`\Ç%T`\Ç    ((((Hz)Hz)Hz)Hz)    

1 255 

2 272 

3 300 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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21 W[TÁTBú )ÜTÁ Ie4�; CQ êX]I] IT4 65 5.3 

22 2-K�íIdÊÔÄM] K]W]@] IT4 65 5.3 

23 2-K�íIdÊÔÄM] êX]I] IT4 112 3.1 

W[OB]W[OB]W[OB]W[OB]----3333....1111: : : : íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» XXXX----$È M» $È M» $È M» $È M» 111100000000    gggg    KQ 4ü KQ 4ü KQ 4ü KQ 4ü T;X Wd I[.T;X Wd I[.T;X Wd I[.T;X Wd I[.    6. 6. 6. 6. IåOB[MIåOB[MIåOB[MIåOB[M    

 

CM["4 7>4 I_T[ÁG^M[\GC 
#\CKQ 

 (MPa) 

WXGU\F 
#\CKQ 

 (MPa) 

W^OÈ[ 
6̂B4 

 (FOS) 

1 W[TÁTBú )ÜTÁ Ie4�; U]VÁ KfÊW 85 

275 

3.2 

2 W[TÁTBú )ÜTÁ Ie4�; U]VÁ $"CO4 14 19.6 

3 W[TÁTBú )ÜTÁ Ie4�; U]VÁ ÌD¦OB ¤d> 11 25 

4 W[TÁTBú )ÜTÁ Ie4�; U]VÁ W"K"F4 IeGQ  9 30.6 

5 W[TÁTBú )ÜTÁ Ie4�; CQ KfÊW  156 1.8 

6 W[TÁTBú )ÜTÁ Ie4�; CQ $"CO4 22 12.5 

7 W[TÁTBú )ÜTÁ Ie4�; CQ ÌD¦OB ¤d> 13 21.2 

8 W[TÁTBú )ÜTÁ Ie4�; CQ W"K"F4 IeGQ 14 19.6 

9 W[TÁTBú )ÜTÁ Ie4�; úe4�>  152 1.8 

10 2-K�íIdÊÔÄM] - W[TÁTBú )ÜTÁ Ie4�; úe4�> 1 121 2.3 

11 2-K�íIdÊÔÄM] – KfÊW 2 61 4.5 

12 2-K�íIdÊÔÄM] $"CO4 16 17.2 

13 2-K�íIdÊÔÄM] ÌD¦OB ¤d> 11 25 

14 2-K�íIdÊÔÄM] – KfÊW 1 96 2.9 

15 2-K�íIdÊÔÄM] úe4�> 177 1.6 

16 2-K�íIdÊÔÄM] 4t] IT4 WX[äN ¤d> 6 45.8 

17 2-K�íIdÊÔÄM] - W[TÁTBú )ÜTÁ Ie4�; úe4�> 2 100 2.75 

18 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 2 IT4 15 

344 

22.9 

19 W[TÁTBú )ÜTÁ Ie4�; U]VÁ êX]I] IT4 13 26.5 

20 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 1 IT4 22 15.6 

21 W[TÁTBú )ÜTÁ Ie4�; CQ êX]I] IT4 13 26.5 

22 2-K�íIdÊÔÄM] K]W]@] IT4 30 11.5 

23 2-K�íIdÊÔÄM] êX]I] IT4 6 57.3 

W[OB]W[OB]W[OB]W[OB]----3333....2222: : : : íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» YYYY----$È M» $È M» $È M» $È M» 111100000000    gggg    KQ 4ü T;X Wd I[.KQ 4ü T;X Wd I[.KQ 4ü T;X Wd I[.KQ 4ü T;X Wd I[.    6. 6. 6. 6. IåOB[MIåOB[MIåOB[MIåOB[M    

 

CM["4 7>4 I_T[ÁG^M[\GC 
#\CKQ 

 (MPa) 

WXGU\F 
#\CKQ 

 (MPa) 

W^OÈ[ 6̂B4 

 (FOS) 

1 W[TÁTBú )ÜTÁ Ie4�; U]VÁ KfÊW 10 

275 

27.5 

2 W[TÁTBú )ÜTÁ Ie4�; U]VÁ $"CO4 12 22.9 

3 W[TÁTBú )ÜTÁ Ie4�; U]VÁ ÌD¦OB ¤d> 32 8.6 

4 W[TÁTBú )ÜTÁ Ie4�; U]VÁ W"K"F4 IeGQ  9 30.6 

5 W[TÁTBú )ÜTÁ Ie4�; CQ KfÊW  89 3.1 

6 W[TÁTBú )ÜTÁ Ie4�; CQ $"CO4 40 6.9 

7 W[TÁTBú )ÜTÁ Ie4�; CQ ÌD¦OB ¤d> 20 13.75 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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8 W[TÁTBú )ÜTÁ Ie4�; CQ W"K"F4 IeGQ 18 15.3 

9 W[TÁTBú )ÜTÁ Ie4�; úe4�>  70 3.9 

10 2-K�íIdÊÔÄM] - W[TÁTBú )ÜTÁ Ie4�; úe4�> 1 28 9.8 

11 2-K�íIdÊÔÄM] – KfÊW 2 116 2.4 

12 2-K�íIdÊÔÄM] $"CO4 40 6.9 

13 2-K�íIdÊÔÄM] ÌD¦OB ¤d> 14 19.6 

14 2-K�íIdÊÔÄM] – KfÊW 1 140 1.96 

15 2-K�íIdÊÔÄM] úe4�> 93 2.96 

16 2-K�íIdÊÔÄM] 4t] IT4 WX[äN ¤d> 8 34.4 

17 2-K�íIdÊÔÄM] - W[TÁTBú )ÜTÁ Ie4�; úe4�> 1 50 5.5 

18 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 2 IT4 31 

344 

11.1 

19 W[TÁTBú )ÜTÁ Ie4�; U]VÁ êX]I] IT4 40 8.6 

20 W[TÁTBú )ÜTÁ Ie4�; K]W]@] 1 IT4 13 26.5 

21 W[TÁTBú )ÜTÁ Ie4�; CQ êX]I] IT4 25 13.8 

22 2-K�íIdÊÔÄM] K]W]@] IT4 41 8.4 

23 2-K�íIdÊÔÄM] êX]I] IT4 27 12.7 

W[OB]W[OB]W[OB]W[OB]----3333....3333: : : : íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» íDe\C4 \TëQdVB M» ZZZZ----$È M» $È M» $È M» $È M» 111100000000    gggg    KQ 4ü T;X Wd I[.KQ 4ü T;X Wd I[.KQ 4ü T;X Wd I[.KQ 4ü T;X Wd I[.    6. 6. 6. 6. IåOB[MIåOB[MIåOB[MIåOB[M    

7777.... \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ::::    
(i) $\L4çI 4� M[IE"@D 4� $G^W[O #[4_\C4 %T̀\Ç I[N] 6' Xe|  

(ii) C]GD $ÈD M» 100g íDe\C4 4çI KQD 4ü T;X Wd \T\L> 7>4D M» I[. 6. #dåOC #\CKQ IN[Áo W^OÈ[ 
6̂B4D 4� W[D (G4ü WXGU\F Wd 4M X¾|  
(iii) $\L4çI $IGd M[IE"@D IO 5O[ (CO[ Xe|  
    

8888.... W"ELÁW"ELÁW"ELÁW"ELÁ::::    
1. XeG .9. .Q. & IhQK]. .M., 1979, #6C W"O9G[ÙM4 $TM"EG åOáW O[O[ M̂\2C IåOID Kh@Á (PCB) 4� #6C 

6\C4 $\LQÈB, NAECON 1971, IEEE, ÝN_ Nh4·, Ì� 222-232. 
2. í>dGK6Á @]. .W., 1973, &QdÊ>Ä[\G4 (I4OBD 4� \Q. 4�IG \TëQdVB, ;hG \TQd 3O W"Wj, ÝN_ Nh4·. 
3. 2"6 ;d. .9. & \QM ;] .9., 4�\IC W"O9G[2" 4ü #[4_\C4 %T̀\C 4h $\F4CM 4OGd 4� \Q. WX; 

C4G]4, ASME ;GÁQ, CM["4 L[6 122, CM["4 4, Ì� 341-349, 2000. 
4. ;]. .W. $ÌQdÇ], T["CåOÈ $\LN["\T4ü 4[ ;GÁQ, $"CåOÈ &QdÊ>Ä[\G4ü (INh6 4� \Q. Xç4[ %TOB, L[6 

G, CM["4 216-3, Ì� 131-142, 2002. 
5555.... 4[>®We>-2CG]CL[O 4[ #[DåM4 $\L4çI ÎGO[TQh4GEíC[Td; CM["4 SAC/SEDA/14/05/2012/02.    

*** 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT    

(>(>(>(>C W"9[O (I'XD 4� \Q. (LN\G� å@\;>QC W"9[O (I'XD 4� \Q. (LN\G� å@\;>QC W"9[O (I'XD 4� \Q. (LN\G� å@\;>QC W"9[O (I'XD 4� \Q. (LN\G� å@\;>Q    .4íI"E] $GÔd5G $\L'[X].4íI"E] $GÔd5G $\L'[X].4íI"E] $GÔd5G $\L'[X].4íI"E] $GÔd5G $\L'[X]    
W"ChV Q:d>[W"ChV Q:d>[W"ChV Q:d>[W"ChV Q:d>[1111, , , , I"4; 4WM[O 6ô[I"4; 4WM[O 6ô[I"4; 4WM[O 6ô[I"4; 4WM[O 6ô[2222    

1111santoshsantoshsantoshsantosh0204020402040204@sac@sac@sac@sac....isroisroisroisro....govgovgovgov....inininin, , , , 2                        @sac....isro....gov....in    

#B[Q] $\LN["\T4ü .T" WM[4QG #L[6#B[Q] $\LN["\T4ü .T" WM[4QG #L[6#B[Q] $\LN["\T4ü .T" WM[4QG #L[6#B[Q] $\LN["\T4ü .T" WM[4QG #L[6    

$"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 414141412222    ((((&WOh&WOh&WOh&WOh)))), , , , $XME[K[E $XME[K[E $XME[K[E $XME[K[E ----    380 015380 015380 015380 015    

W[O["UW[O["UW[O["UW[O["U    

.4íI"E] $GÔd5G.4íI"E] $GÔd5G.4íI"E] $GÔd5G.4íI"E] $GÔd5G    ((((Monopulse TrackingMonopulse TrackingMonopulse TrackingMonopulse Tracking) ) ) ) $\L'[X] $DT[ .4íI"E] #CM4$\L'[X] $DT[ .4íI"E] #CM4$\L'[X] $DT[ .4íI"E] #CM4$\L'[X] $DT[ .4íI"E] #CM4    ((((ProcessorProcessorProcessorProcessor)))), , , , .4íI"E] .4íI"E] .4íI"E] .4íI"E] 
$GÔd5G #B[Q] 4[ .4 K�C X] MXÙTI_BÁ $"6 Xe$GÔd5G #B[Q] 4[ .4 K�C X] MXÙTI_BÁ $"6 Xe$GÔd5G #B[Q] 4[ .4 K�C X] MXÙTI_BÁ $"6 Xe$GÔd5G #B[Q] 4[ .4 K�C X] MXÙTI_BÁ $"6 Xe||||    /">dG[ /">dG[ /">dG[ /">dG[ 4ü \GE¼UG4ü \GE¼UG4ü \GE¼UG4ü \GE¼UG    Tå̂> 4h E_O 4OGd 4� \Q. W[M[ÝNCN[ Tå̂> 4h E_O 4OGd 4� \Q. W[M[ÝNCN[ Tå̂> 4h E_O 4OGd 4� \Q. W[M[ÝNCN[ Tå̂> 4h E_O 4OGd 4� \Q. W[M[ÝNCN[ 
.4íI"E] $GÔd5G .4íI"E] $GÔd5G .4íI"E] $GÔd5G .4íI"E] $GÔd5G #B[Q] 4h Eh W"eID M» (INh6 #B[Q] 4h Eh W"eID M» (INh6 #B[Q] 4h Eh W"eID M» (INh6 #B[Q] 4h Eh W"eID M» (INh6 å4å4å4å4N[ ;[C[ XeN[ ;[C[ XeN[ ;[C[ XeN[ ;[C[ Xe, , , , .4Q.4Q.4Q.4Q----9eGQ 3O Eh9eGQ 3O Eh9eGQ 3O Eh9eGQ 3O Eh----9eGQ9eGQ9eGQ9eGQ| | | | $C# .4 X] $C# .4 X] $C# .4 X] $C# .4 X] 
X[@ÁTdNO 4�X[@ÁTdNO 4�X[@ÁTdNO 4�X[@ÁTdNO 4�    O[O[ O[O[ O[O[ O[O[ EhGD W"eID 4ü %TëN4C[ 4ü I_\CÁ Xh W4� &W COX 4ü å@s[&G (LN\G�EhGD W"eID 4ü %TëN4C[ 4ü I_\CÁ Xh W4� &W COX 4ü å@s[&G (LN\G�EhGD W"eID 4ü %TëN4C[ 4ü I_\CÁ Xh W4� &W COX 4ü å@s[&G (LN\G�EhGD W"eID 4ü %TëN4C[ 4ü I_\CÁ Xh W4� &W COX 4ü å@s[&G (LN\G�    å@\;>Q å@\;>Q å@\;>Q å@\;>Q 
.4íI"E] $GÔd5G $\L'[X].4íI"E] $GÔd5G $\L'[X].4íI"E] $GÔd5G $\L'[X].4íI"E] $GÔd5G $\L'[X]    ((((;];];];]....@]@]@]@].....M.M.M.M....>]>]>]>]....%O%O%O%O.) .) .) .) M» #íC[\TC 4ü 6' XeM» #íC[\TC 4ü 6' XeM» #íC[\TC 4ü 6' XeM» #íC[\TC 4ü 6' Xe, , , , \;W4[ (INh6 L\;W4[ (INh6 L\;W4[ (INh6 L\;W4[ (INh6 L\TìN 4� (>C \TìN 4� (>C \TìN 4� (>C \TìN 4� (>C 
W"9[O (I'XD M» W"9[O (I'XD M» W"9[O (I'XD M» W"9[O (I'XD M» å4å4å4å4N[ ;[.6[N[ ;[.6[N[ ;[.6[N[ ;[.6[| | | | JMÁTdNOJMÁTdNOJMÁTdNOJMÁTdNO////Wfà>TdNO 4h KEQWfà>TdNO 4h KEQWfà>TdNO 4h KEQWfà>TdNO 4h KEQ4O 4O 4O 4O ;]@].M>]%O 4h .4Q;]@].M>]%O 4h .4Q;]@].M>]%O 4h .4Q;]@].M>]%O 4h .4Q----9eGQ N[ Eh9eGQ N[ Eh9eGQ N[ Eh9eGQ N[ Eh----9eGQ9eGQ9eGQ9eGQ    

W"eI M» (INh6 M» Q[N[ ;[ W4C[ XeW"eI M» (INh6 M» Q[N[ ;[ W4C[ XeW"eI M» (INh6 M» Q[N[ ;[ W4C[ XeW"eI M» (INh6 M» Q[N[ ;[ W4C[ Xe| | | | IÔ[Gd .G[Qf6 $GÔd5G $\L'[X] 4ü CQ̂G[ M» ;]@].M>]%O 4[ IÔ[Gd .G[Qf6 $GÔd5G $\L'[X] 4ü CQ̂G[ M» ;]@].M>]%O 4[ IÔ[Gd .G[Qf6 $GÔd5G $\L'[X] 4ü CQ̂G[ M» ;]@].M>]%O 4[ IÔ[Gd .G[Qf6 $GÔd5G $\L'[X] 4ü CQ̂G[ M» ;]@].M>]%O 4[ 
%4[O%4[O%4[O%4[O, , , , L[O 3OL[O 3OL[O 3OL[O 3O    );[Á);[Á);[Á);[Á    êNN K�C 4M Xe 3O W[D X] NX å@s[êNN K�C 4M Xe 3O W[D X] NX å@s[êNN K�C 4M Xe 3O W[D X] NX å@s[êNN K�C 4M Xe 3O W[D X] NX å@s[&G GãNC[ T %W[G I^GO[T\̀Ç L] #E[G &G GãNC[ T %W[G I^GO[T\̀Ç L] #E[G &G GãNC[ T %W[G I^GO[T\̀Ç L] #E[G &G GãNC[ T %W[G I^GO[T\̀Ç L] #E[G 
4OC[ Xe4OC[ Xe4OC[ Xe4OC[ Xe| | | |     

I^G# W"eIB 4ü %TëN4C[ 4h ÜN[G M» O5Cd �Nd ;]@].M>]%O 4[ \T4[W .JI^G# W"eIB 4ü %TëN4C[ 4h ÜN[G M» O5Cd �Nd ;]@].M>]%O 4[ \T4[W .JI^G# W"eIB 4ü %TëN4C[ 4h ÜN[G M» O5Cd �Nd ;]@].M>]%O 4[ \T4[W .JI^G# W"eIB 4ü %TëN4C[ 4h ÜN[G M» O5Cd �Nd ;]@].M>]%O 4[ \T4[W .J....I]I]I]I]....;];];];]............    ((((FPGAFPGAFPGAFPGA) ) ) ) 
%F[åOC X[@ÁTdNO Wd %F[åOC X[@ÁTdNO Wd %F[åOC X[@ÁTdNO Wd %F[åOC X[@ÁTdNO Wd å4å4å4å4N[ 6N[ XeN[ 6N[ XeN[ 6N[ XeN[ 6N[ Xe| | | | ;]@].M>]%O 4� \Q. \T4\WC ;]@].M>]%O 4� \Q. \T4\WC ;]@].M>]%O 4� \Q. \T4\WC ;]@].M>]%O 4� \Q. \T4\WC å4å4å4å4. 6. .ç6håOÚM 4h #Nh6U[Q[ M» . 6. .ç6håOÚM 4h #Nh6U[Q[ M» . 6. .ç6håOÚM 4h #Nh6U[Q[ M» . 6. .ç6håOÚM 4h #Nh6U[Q[ M» 
(ª]IG ;\GT(ª]IG ;\GT(ª]IG ;\GT(ª]IG ;\GT    ((((Stimulus GeStimulus GeStimulus GeStimulus Generatorneratorneratornerator) ) ) ) 4ü WX[NC[ Wd ;[!9[ 6N[ Xe4ü WX[NC[ Wd ;[!9[ 6N[ Xe4ü WX[NC[ Wd ;[!9[ 6N[ Xe4ü WX[NC[ Wd ;[!9[ 6N[ Xe| | | | EDGh W"eID 4� .ç6håOÚM 4h .GEDGh W"eID 4� .ç6håOÚM 4h .GEDGh W"eID 4� .ç6håOÚM 4h .GEDGh W"eID 4� .ç6håOÚM 4h .G....    %O%O%O%O....    
.W.W.W.W....    W]W]W]W]....    3O .M3O .M3O .M3O .M....    W]W]W]W]....    .J.J.J.J....    4ü $GÔd5G #B[Q] 4� W[D L] ;[!9[ 6N[ Xe4ü $GÔd5G #B[Q] 4� W[D L] ;[!9[ 6N[ Xe4ü $GÔd5G #B[Q] 4� W[D L] ;[!9[ 6N[ Xe4ü $GÔd5G #B[Q] 4� W[D L] ;[!9[ 6N[ Xe| | | |     

W"4�CW"4�CW"4�CW"4�C    UáEUáEUáEUáE    

.4íI"E, $G^Od5G #B[Q], /Ý>dG[, $\L'[X] 

1111.... #íC[TG[#íC[TG[#íC[TG[#íC[TG[    
%F̂\G4 K�-å4OBÎ"; (>C W"9[O (I'XD M» \GE¼UG T̂å> E_O 4OGd T /">dG[ å4OBÎ"; 4h \T\GåEÁ` ÈdT M» KG[. 
O5Gd 4� \Q. .4íI"E] $G^Od5G #B[Q] 4ü %TëN4C[ XhC] Xe| Ktd /">dG[ T[Qd L_-4�Ý2D M» L] GEO .T" LEO 
(I'XD 4h >Äe4 4OGd 4� \Q. .4íI"E] $G^Od5G #B[Q] 4[ (INh6 å4N[ ;[C[ Xe| (g $\LQ÷NG ND[DÁC[ 4� 
4[OB &W COX 4� $G^#Nh6D M» .4íI"E] $G^Od5G #B[Q] 4[ &íCdM[Q å4N[ ;[C[ Xe| .4íI"E] $G^Od5G #B[Q] 
4h C]G W"eID M» \CN[\ÝTC (implemented) å4N[ ;[ W4C[ Xe – .4Q-9eGQ, Eh-9eGQ T C]G-9eGQ| W[M[ÝN 
CiO IO .4Q-9eGQ T Eh-9eGQ W"eID 4[ (INh6 å4N[ ;[C[ Xe| Eh-9eGQ .4íI"E] $G^Od5G $\L'[X] FG 

(Sum) \W�Q T T̂å> (Error) \W�Q 4h \GTdU 4� CiO IO QdC[ Xe 3O åE6"U (Azimuth) T (>C["U (Elevation) 
åE`4[O] (DC) \G6ÁM \W�Q (ÙI> 4OC[ Xe, ;Kå4 .4Q-9eGQ .4íI"E] $G^Od5G $\L'[X] 4�TQ .4 Mh@̂\QC 
\W�Q 4h \GTdU (Input) 4� CiO IO QdC[ Xe 3O åE6"U (Azimuth) T (>C["U (Elevation) åE`4[O] (DC) \G6ÁM 
\W�Q (ÙI> 4OC[ Xe|  

Eh-9eGQ .4íI"E] $G^Od5G $\L'[X] 4ü ĈQG[ M» .4Q-9eGQ .4íI"E] $G^Od5G $\L'[X] 4ü å@s[&G ;å>Q 
XhC] Xe 3O &W ;å>QC[ 4[ 4[OB Xe- Mh@̂\QC \GTdU \W�Q| .4Q-9eGQ .4íI"E] $G^Od5G $\L'[X] 4ü &W 
;å>QC[ 4h å@\;>Q #ÈdT (Domain) M» %W[G] Wd X¾@Q å4N[ ;[ W4C[ Xe &W]\QNd ;]@].M>]%O 4[ 
\CN[ÝTNG .G[Qf6 4ü K;[N å@\;>Q] å4N[ 6N[ Xe| &W4� $Q[T[ å@\;>Q \CN[ÝTNG, å@s[&G GãNC[ 
(flexibility) .T" %W[G ÎGO[T̀\C, &ÙN[åE W^\TF[.! L] #E[G 4OC[ Xe| W[M[ÝNCN[ (I'X M» .4Q-9eGQ T Eh-
9eGQ $G^Od5G #B[Q] 4[ (INh6 å4N[ ;[C[ Xe $C.T &W K[C 4h ÜN[G M» O54O ;]@].M>]%O 4ü X[@ÁTdNO 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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å@s[&G &W COX 4ü 6' Xe å4 .4 X] X[@ÁTdNO 4� O[O[ EhGD $G^Od5G #B[\QND 4ü %TëN4C[ 4ü I_\CÁ 4ü ;[ 
W4�| 4�TQ JMÁTdNO/Wfà>TdNO 4h KEQ4O $\L'[X] 4[ W"eI (.4Q-9eGQ $DT[ Eh-9eGQ) KEQ[ ;[ W4C[ Xe|  

 ;]@].M>]%O 4[ \T4[W .4 Actel .JI];]. (FPGA) %F[åOC X[@ÁTdNO 4� O[O[ å4N[ 6N[ Xe| (I'X M» 
(INh6 4� \Q. \GåMÁC å4. 6. &W Actel .JI];]. (FPGA) %F[åOC X[@ÁTdNO Mf@Q M» MIL-STD-1553B 
$ÝCO[Ì� (interface) L] #E[G å4N[ 6N[ Xe|  

JMÁTdNO å@s[&G \CN[ÝTNG M» M̂ËN eI Wd å@\;>Q 4Q[ $G^K"F4 I[U (Phase Lock Loop), íTC# Q\áF 
\GN"TB (Automatic Gain Control) I[U, %T̀\Ç T %N[M %4QG .T" T̂å> W"W_94 U[åMQ Xe| .4Q-9eGQ T 
Eh-9eGQ, EhGD X] Mf@Q 4� \Q. ÌD4 JMÁTdNO 4ü å@s[&G 4ü 6' Xe 3O ;["9[ 6N[ Xe|  

5"@-2 M» Eh-9eGQ .4íI"E] $G^Od5G #B[Q] 4[ W"\Èo TBÁG å4N[ 6N[ Xe| 5"@-3 M» .4Q-9eGQ .4íI"E] 
$G^Od5G #B[Q] 4[ TBÁG å4N[ 6N[ Xe| 5"@-4 M» \T\GE¼UD 4ü W_9] E] 6' Xe| 5"@-5 M» å@s[&G \TTOB #íĈC 
å4N[ 6N[ Xe| #9[QG 3O IåOB[M 5"@-6 M» #íĈC å4. 6. X¾|  

2222.... EhEhEhEh----9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]    
;eW[ å4 \9T 1 M» åE5[N[ 6N[ Xe, Eh-9eGQ .4íI"E] $G^Od5G #B[Q] M» /">dG[ T Jü@ #B[Q], .4íI"E] ĈQ\GT, 

$\L\GãG IåOT\CÁT, Eh-9eGQ .4íI"E] $G^Od5G $\L'[X], MIL-STD-1553B $ÝCO[Ì� &4[', $\LT̀\Ç 3O 
4È[ \GN"TB #B[Q] .T" /">dG[ \GE¼UG #B[Q] U[åMQ XhC] X¾|  

.4íI"E] ĈQ\GT 9[O U`"6 Wd \W�Q 'XB 4O4� FG (Σ) \W�Q, åE6"U (∆Az) T̂å> \W�Q CD[ (>C["U (∆El) T̂å> 
\W�Q (ÙI> 4OC[ Xe ;eW[ å4 G]9d WM]4OBD M» åE5[N[ 6N[ Xe|  

Σ = A+B+C+D 

∆Az = (A+B)- (C+D) 

∆El = (A+C)- (B+D) 

N"X[ A, B, C, .T" D 9[OD U`"6D 4� O[O[ 6̀åXC \W�QD 4h EU[ÁC» X¾|  
∑

∆

z∆Α

l∆Ε

 

\9T \9T \9T \9T 1111    : : : : EhEhEhEh----9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]    

9ĈD[ÂU U\F W"N^F4, åE6"U (∆Az) T̂å> \W�Q CD[ (>C["U (∆El) T̂å> \W�Q 4h W"N^F 4O4� .4 T̂å> (∆) 
\W�Q (ÙI> 4OC[ Xe| &W4� Ië9[Cj &G EhGD \W�QD 4h $\L\GãG IåOT\CÁC å4N[ ;[C[ Xe, åJO Eh-9eGQ 
$G^Od5G $\L'[X] &G IåOT\CÁC \W�QD 4[ #CMB (processing) 4O4�, Az .T" El åEU[2" 4� \Q. DC T̂å> 
\W�QD 4h (ÙI> 4OC[ Xe| &G DC T̂å> \W�QD 4h MIL-STD-1553B $ÝCO[Ì� &4[' 4ü WX[NC[ Wd 
.2W].W (AOCS) 4h Ld; åEN[ ;[C[ Xe \;G4[ (INh6 4OCd �. /">dG[ \GE¼UG #B[Q] /">dG[ 4h WX] åEU[ M» 
7̂M[C[ Xe \;WWd T̂å>N[! \GãGCM Xh ;[C] X¾|  

.4Q.4Q.4Q.4Q----9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]    
;eW[ å4 \9T 2 M» åE5[N[ 6N[ Xe .4Q-9eGQ .4íI"E] $G^Od5G #B[Q] M» /">dG[ T Jü@ #B[Q], .4íI"E] 
ĈQ\GT, K�W"4�C4 &4[', 4Q[ \TíD[I4, N^ÌM4, $\L\GãG IåOT\CÁT, .4Q-9eGQ .4íI"E] $G^Od5G 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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$\L'[X], MIL-STD-1553B $ÝCO[Ì� &4[', $\LT̀\Ç 3O 4È[ \GN"TB #B[Q] .T" /">dG[ \GE¼UG #B[Q] 
U[åMQ XhCd X¾|  

 

∑

z∆Α

l∆Ε
 

 

\9T \9T \9T \9T 2222    : : : : .4Q.4Q.4Q.4Q----9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]9eGQ .4íI"E] $GÔd5G #B[Q]    

.4íI"E] ĈQ\GT 4[ 4[NÁ Eh-9eGQ $\L'[X] 4ü COX X] Xe| &W4� Ië9[Cj ∆Az T ∆El \W�QD 4h åE6"U-(>C["U 
CMT]ÈB íI"E (AzEl Scan Pulse) 4ü WX[NC[ Wd 4[Q K�W"4�\CC (Time multiplexed) å4N[ ;[C[ Xe| $K 
&W \W�Q 4[ 4Q[ CMT]ÈB íI"E (Phase Scan Pulse) 4ü WX[NC[ Wd 4Q[ IåOT\CÁC 4ü ;[C] Xe| &W4� K[E 
&W \W�Q 4h 4Q[ \TíD[I4 4� O[O[ FG \W�Q 4� W[D W"WF (coherent) CO]4� Wd N^\ÌMC å4N[ ;[C[ Xe 3O 
.4 %N[M Mh@̂\QC \W�Q M» IåOT\CÁC4O åEN[ ;[C[ Xe| .4Q-9eGQ .4íI"E] $G^Od5G $\L'[X] &W $\L\GãG 
IåOT\CÁC %N[M Mh@̂\QC \W�Q 4[ #CMB (processing) 4O4�, Az .T" El åEU[2" 4� \Q. DC T̂å> \W�QD 4h 
(ÙI> 4OC[ Xe| &G DC T̂å> \W�QD 4h MIL-STD-1553B $ÝCO[Ì� &4[' 4ü WX[NC[ Wd .2W].W (AOCS) 
4h Ld; åEN[ ;[C[ Xe \;G4[ (INh6 4OCd �. /">dG[ \GE¼UG #B[Q] /">dG[ 4h WX] åEU[ M» 7̂M[C] Xe \;WWd T̂å>N[! 
\GãGCM Xh ;[C] X¾|  

3333.... \T\GE¼U\T\GE¼U\T\GE¼U\T\GE¼U    

W[M[ÝCN[ \T\GE¼U (I'X 4ü $G^Od5G %TëN4C[ IO %F[åOC XhCd X¾| G]9d >dKQ M» EU[Á. 6. \T\GE¼UD 4� \Q. 
;]@].M>]%O 4ü å@s[&G 4ü 6' Xe|  

CM["4CM["4CM["4CM["4    #[9Q#[9Q#[9Q#[9Q    ((((ParameterParameterParameterParameter))))    \T\GE¼U\T\GE¼U\T\GE¼U\T\GE¼U    ((((Specifications)Specifications)Specifications)Specifications)    

1  \GTdU %T̀\Ç (Input Frequency) 70 MHz ±100 KHz  
2 \GTdU #\CK[F[ (Input Impedance) 50 Ohm 

3 6[\C4 IO[W (Dynamic Range) >30 dB (-25 dBm Wd -55 dBm C4) 

4 EdXQ] (Threshold) C/N0 < 55 dBHz 

5 I[U K¾@ \TíC[O (Loop BW) ~1.5 KHz 

6 $;ÁG (Acquisition) ±100 KHz 

7 ..;].W]. 4[Q \íDO["4 (AGC Time Constant) ~100 ms 

8 \G6ÁM Tå̂> K¾@ \TíC[O (O/P Error BW) 20 Hz 

9 Az T El T^å> \G6ÁM  16-\K> å@\;>Q 

4�TQ Eh4�TQ Eh4�TQ Eh4�TQ Eh----9eGQ W"eI 4� \Q.9eGQ W"eI 4� \Q.9eGQ W"eI 4� \Q.9eGQ W"eI 4� \Q.    

10 4Q[ \GN"TB 12-\K> å@\;>Q  

4�TQ .4Q4�TQ .4Q4�TQ .4Q4�TQ .4Q----9eGQ W"eI 4� \Q.9eGQ W"eI 4� \Q.9eGQ W"eI 4� \Q.9eGQ W"eI 4� \Q. 

11 åE6"U (>C["U CMT]ÈB íI"E (AzEl Scan Pulse) 1 KHz  
12 4Q[ CMT]ÈB íI"E (Phase Scan Pulse) 500 Hz 

4444.... å@s[&Gå@s[&Gå@s[&Gå@s[&G    

;]@].M>]%O 4ü å@s[&G 4h Eh L[6D M» \TL[\;C å4N[ 6N[ Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
 

अतं�र� उपयोग क� � / �वकास एव ंशै��क संचार यूिनट, इसरो, अतं�र� �वभाग, अहमदाबाद  71 

 

$$$$.... X[@ÁTdNO å@s[&GX[@ÁTdNO å@s[&GX[@ÁTdNO å@s[&GX[@ÁTdNO å@s[&G    

;]@].M>]%O 4� X[@ÁTdNO 4h &W #4[O \T4\WC å4N[ 6N[ Xe å4 .4 X] X[@ÁTdNO 4h .4Q-9eGQ T Eh-9eGQ 
EhGD W"eID M» (INh6 å4N[ ;[ W4C[ Xe ;eW[ å4 \9T 3 M» åE5[N[ 6N[ Xe| NåE NX IXQd Wd CN4O \QN[ ;[. å4 
$\L'[X] 4h 4�TQ .4Q-9eGQ W"eI M» (INh6 4OG[ Xe Ch \9T 3 M» åE5[. 6. X[@ÁTdNO M» Wd .4 \GTdU Å̀"5Q[ 
4h 4M L] å4N[ ;[ W4C[ Xe|  

 

\9T \9T \9T \9T 3333    ::::    ;]@].M>]%O;]@].M>]%O;]@].M>]%O;]@].M>]%O    4[ 5"@ %Od54[ 5"@ %Od54[ 5"@ %Od54[ 5"@ %Od5    

%%%%.... JMÁTdNO å@s[&GJMÁTdNO å@s[&GJMÁTdNO å@s[&GJMÁTdNO å@s[&G    

JMÁTdNO å@s[&G 4h Eh 5"@D M» \TL[\;C å4N[ 6N[ Xe; MIL-STD-1553B W^E_O >åMÁGQ 4hO .T" .4íI"E] 
#CM4| MIL-STD-1553B WÊ_O >åMÁGQ 4hO Eh $ÝCO[I`� #E[G 4OC[ Xe, \;WM» IXQ[ Xe MIL-STD-1553B 
KW Wd EhXO[ $\CåOF $ÝCO[Ì� 3O E_WO[ Xe .4íI"E] #CM4 Wd @d>[ 4� %E[G-#E[G 4� \Q. $ÝCO[Ì�| 
;]@].M>]%O 4[ #4[NÁ I_O] COX Wd .4íI"E] #CM4 4ü å@s[&G IO %F[åOC Xe| .4Q-9eGQ 3O Eh-9eGQ 
.4íI"E] #CM4 4� 5"@ %Od5 CMU# \9T 4 T \9T 5 M» EU[Á. 6. X¾|  

 

\9T \9T \9T \9T 4444    ::::    .4Q.4Q.4Q.4Q----9eGQ .4íI"E] #CM49eGQ .4íI"E] #CM49eGQ .4íI"E] #CM49eGQ .4íI"E] #CM4    4[ 5"@ %Od54[ 5"@ %Od54[ 5"@ %Od54[ 5"@ %Od5    

.4íI"E] #CM4 4� \GãG\Q\5C M̂ËN $TNT Xe:  

1111.... 4Q[K; I[U4Q[K; I[U4Q[K; I[U4Q[K; I[U    ((((Phase LockPhase LockPhase LockPhase Lockedededed    LoopLoopLoopLoop)))) 
T̂å> \W�Q M» Wd åE6"U T̂å> T (>C["U T̂å> \W�QD 4h \G4[QGd 4� \Q. .4 W"WF T[X4 4ü %TëN4C[ XhC] Xe| 
.4 W"ËN[ÙM4 \GN"\TC Eh\QT (NCO) 4h FG \W�Q Wd 4Q[ $G^K"\FC4O W"WF T[X4 4h (ÙI> å4N[ ;[C[ 
Xe| 
2222.... íTC# Q\áF \GN"TBíTC# Q\áF \GN"TBíTC# Q\áF \GN"TBíTC# Q\áF \GN"TB    ((((Automatic Gain ControlAutomatic Gain ControlAutomatic Gain ControlAutomatic Gain Control) ) ) ) I[UI[UI[UI[U 

/Ý>dG[ $\GE¼UG 4� $Q[T[ å4W] $ÝN 4[OB Wd \G6ÁåMC DC \W�Q M» %' XQ9Q 4h E_O 4OGd 4� \Q. íTC# 
Q\áF \GN"TB (AGC) I[U 4[ (INh6 å4N[ ;[C[ Xe| AGC å@s[&G 4h Eh L[6 M» \TL[\;C å4N[ 6N[ Xe; W"WF 
AGC 3O $W"WF AGC|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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NåE $\L'[X] 4Q[K; GXù Xe Ch (W WMN $W"WF AGC, #CMB M» %' W"C̀\o 4h E_O 4OC[ Xe| $\L'[X] 4� 
4Q[K; XhCd X] W"WF AGC 4[M 4OGd Q6C[ Xe|     

 

\9T \9T \9T \9T 5555    ::::    EhEhEhEh----9eGQ .4íI"E] #CM49eGQ .4íI"E] #CM49eGQ .4íI"E] #CM49eGQ .4íI"E] #CM4    4[ 5"@ %Od54[ 5"@ %Od54[ 5"@ %Od54[ 5"@ %Od5    

3333.... %T`\Ç T %N[M %4QG%T`\Ç T %N[M %4QG%T`\Ç T %N[M %4QG%T`\Ç T %N[M %4QG    

%T̀\Ç T %N[M 4� %4QG 4� \Q. 2þC JWåONO eI[ÝCO (.J..J.>].) 4[ (INh6 å4N[ 6N[ Xe| %4\QC %T̀\Ç 
4[ (INh6 4Q[ $G^K"F4 I[U 4h \KG[ å4W] 9C åJWQG (cycle slip) 4� $G^K"\FC 4OGd 4� \Q. å4N[ ;[C[ Xe 
CD[ %4\QC %N[M 4[ (INh6 $W"WF AGC M» \GTdU 4� CiO IO å4N[ ;[C[ Xe|  

4444.... T^å> W"W_94T^å> W"W_94T^å> W"W_94T^å> W"W_94    

T̂å> W"W_94 6̂B4 3O åJç>O 4ü WX[NC[ Wd åE6"U T (>C["U \W�Q (ÙI> 4OC[ Xe| T̂å> W"W_94 4ü å@s[&G 
.4Q-9eGQ T Eh-9eGQ EhGD W"eID 4� \Q. \L>-\L> XhC] Xe| .4Q-9eGQ W"eI 4� \Q. T̂å> W"W_94 4ü W"O9G[ 
Eh-9eGQ W"eI 4� T̂å> W"W_94 4ü ĈQG[ M» 4å?G XhC] Xe ÊNDå4 &WM» åE6"U, (>C["U .T" 4Q[ CMT]ÈB íI"Eh 
4[ (INh6 XhC[ Xe|  

 

\9T \9T \9T \9T 6666    : : : : ;];];];]@].M>]%O@].M>]%O@].M>]%O@].M>]%O    4[ #Nh6U[Q[ ;["9 Wd>$I4[ #Nh6U[Q[ ;["9 Wd>$I4[ #Nh6U[Q[ ;["9 Wd>$I4[ #Nh6U[Q[ ;["9 Wd>$I        

5555.... #9[QG 3O IåOB[M #9[QG 3O IåOB[M #9[QG 3O IåOB[M #9[QG 3O IåOB[M     
;]@].M>]%O 4h #Nh6U[Q[ M» IO5Gd 4� \Q. (ª]IG ;\GT 3O MIL-STD-1553B IO]\ÈT/$G^4[O] 4[ 
(INh6 å4N[ 6N[ Xe, ;eW[ å4 \9T 6 M» åE5[N[ 6N[ Xe|  
;]@].M>]%O 4� EhGD W"eID 4� #9[QG 3O IåOB[M \GãG\Q\5C X¾|  

$$$$.... EhEhEhEh----9eGQ W"eI9eGQ W"eI9eGQ W"eI9eGQ W"eI    

(ª]IG ;\GT 4� O[O[ (ÙI> FG 3O T̂å> \W�Q 4h ;]@].M>]%O M» \GTdU 4� CiO IO Q6[N[ ;[C[ Xe| &G 
\W�QD 4h #TFÁG T \vç>O 4OGd 4� K[E .4 12-\K> ADC 4ü WX[NC[ Wd å@\;>Q \W�QD M» IåOT\CÁC4O åEN[ 
;[C[ Xe| $K &G å@\;>Q \W�QD 4[ FPGA M» #'XB å4N[ ;[C[ Xe| WKWd IXQd FG \W�Q Wd %T̀\Ç T %N[M 
4[ %4QG å4N[ ;[C[ Xe| 2 KHz 4� \TLdEG Wd %4\QC %T̀\Ç 4h 4Q[K; I[U 4h åEN[ ;[C[ Xe CD[ 
%4\QC %N[M 4h $W"WF íTC# Q\áF \GN"TB I[U 4h Ed åEN[ ;[C[ Xe| 4Q[K; I[U .4 4Q[K; T[X4 
(ÙI> 4OC[ Xe ;h å4 W"WF íTC# Q\áF \GN"T4 CD[ åE6"U T (>C["U \W�QD 4h (ÙI> 4OGd 4� \Q. (INh6 
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å4N[ ;[C[ Xe| &G \G6ÁåMC \W�QD 4[ MIL-STD-1553B IO]\ÈT/$G^4[O] 4ü WX[NC[ Wd #'XB å4N[ 6N[ Xe| 
Eh-9eGQ W"eI M» å4. 6. IO]ÈB Wd NX \Gì4VÁ \G4[Q[ 6N[ å4 $G^Od5G $\L'[X] #íC[\TC å4. 6. \T\GE¼UD 
4h I_BÁ 4OC[ Xe|  

%%%%.... .4Q.4Q.4Q.4Q----9eGQ W"eI9eGQ W"eI9eGQ W"eI9eGQ W"eI    

.4Q-9eGQ W"eI M» L] (ª]IG ;\GT 4ü WX[NC[ Wd .4 Mh@̂\QC \W�Q (ÙI> å4N[ ;[C[ Xe T $G^Od5G 
$\L'[X] 4h \GTdU 4� CiO IO åEN[ ;[C[ Xe| .4Q-9eGQ W"eI M» L] Eh-9eGQ W"eI 4ü COX X] %T̀\Ç T %N[M 
%4QG, 4Q[K; I[U, W"WF T $W"WF íTC# Q\áF \GN"TB I[U 4[ (INh64O åE6"U T (>C["U \W�QD 4h 
\G6ÁåMC å4N[ ;[C[ Xe \;ÝX» MIL-STD-1553B IO]\ÈT/$G^4[O] 4ü WX[NC[ Wd #'XB å4N[ ;[C[ Xe| .4Q-
9eGQ W"eI M» L] Eh-9eGQ W"eI 4ü L["\C å4. 6. IO]ÈB Wd NX \Gì4VÁ \G4[Q[ 6N[ å4 $G^Od5G $\L'[X] 
#íC[\TC å4. 6. \T\GE¼UD 4h I_BÁ 4OC[ Xe|  

6666.... (IW"X[O(IW"X[O(IW"X[O(IW"X[O    

L\TìN 4� (>C W"9[O (I'XD 4ü %TëN4C[ 4ü I_\CÁ 4� \Q. .4 (LN\G� å@\;>Q .4íI"E] $G^Od5G 
$\L'[X] (;]@].M>]%O) 4[ \T4[W å4N[ 6N[ Xe 3O &Wd WJQC[I_TÁ4 #Nh6U[Q[ M» ;["9[ 6N[ Xe| ;eW[ å4 
G]9d >dKQ M» åE5[N[ 6N[ Xe ;]@].M>]%O å@s[&G GãNC[, Q[6C, L[O %4[O 3O );[Á êNN &ÙN[åE 4[O4D M» 
ÎO[Gd Eh-9eGQ .G[Qf6 $G^Od5G $\L'[X] 4ü ĈQG[ M» K�C X] MXÙTI_BÁ W^F[O EdC[ Xe|  

;]@].M>]%O 4h 6̂BTÇ[ %ëT[WG 4� K[E &WOh (ISRO) 4� L\TìN 4� K�-å4OB, K�-/Ý>dG[ (I'XD M» (INh6 
å4N[ ;[.6[|  

#[9Q#[9Q#[9Q#[9Q    EhEhEhEh----9eGQ .4íI"E] $GÔd5G 9eGQ .4íI"E] $GÔd5G 9eGQ .4íI"E] $GÔd5G 9eGQ .4íI"E] $GÔd5G 
$\L'[X]$\L'[X]$\L'[X]$\L'[X]    ((((.G[Qf6.G[Qf6.G[Qf6.G[Qf6))))    

(LN\G� å@\;>Q .4íI"E] $G^Od5G (LN\G� å@\;>Q .4íI"E] $G^Od5G (LN\G� å@\;>Q .4íI"E] $G^Od5G (LN\G� å@\;>Q .4íI"E] $G^Od5G 
$\L'[X]$\L'[X]$\L'[X]$\L'[X]    ((((;]@].M>]%O;]@].M>]%O;]@].M>]%O;]@].M>]%O))))    

%4[O    

L[O ~4 å4.'[. ~500 '[. 
);[Á êNN  ~15 T[> ~2 T[> 

FÝNT[EFÝNT[EFÝNT[EFÝNT[E    

&W Qd5 4� Qd54 Å] 4� .W IO]5, (I\GEdU4, .W.G.., We4 3O Å] \TOdÝ2 4WM[O, WM_X \GEdU4, .W.W>];], 
We4 4� M[6ÁEUÁG .T" (ÙW[XTFÁG 4� \Q. %L[O] X¾ 3O Å] CIG åMÅ[, \GEdU4, We4 O[O[ #E[G å4. WCC 
WMDÁG 3O #hÙW[XG 4[ L] FÝNT[E 4OG[ 9[XCd X¾|  

Qd54Qd54Qd54Qd54    IåO9NIåO9NIåO9NIåO9N    W"ChV Q:d>[ Gd TVÁ 2010 M» íT[M] \TTd4[G"E 4fQd; 0v &";]\GNåO"6, &"EiO Wd &QdÊ>Äf\G4ü 
.T" W"9[O &";]\GNåO"6 M» K]. '. (B.E.) å@'] #[o 4ü| TVÁ 2011 Wd TVÁ 2012 C4 .ChIh\QW 
&";]\GNåO"6 4fQd;, &"EiO M» QdÊ9OO OX» .T" TVÁ 2012 Wd $"CåOÈ (INh6 412, $XME[K[E 4� 
#B[Q] $\LN["\T4ü .T" WM[4QG #L[6 M» 4[NÁOC X¾| M̂ËNC# 0GKh@Á .T" L_-412 /">dG[ 
$G^Od5G $\L'[X] å@;['G M» 4[NÁ å4N[ Xe|  

 

I"4; 4WM[O 6̂o[ Gd TVÁ 2001 M» %'. '. >]., 4[GÎO Wd &QdÊ>Äf\G4ü .T" W"9[O &";]\GNåO"6 
M» K]. >d4. å@'] #[o 4ü| 2008 M» IISc K»6Q_O Wd &QdÊ>Äf\G4ü å@;['G .T" #iah\64ü M» 
.M. >d4. å@'] #[o 4ü Xe| TVÁ 2001 Wd $"CåOÈ (INh6 412, $XME[K[E 4� #B[Q] 
$\LN["\T4ü .T" WM[4QG #L[6 M» 4[NÁOC X¾| M̂ËNC# 0GKh@Á .T" L_-412 /">dG[ >Äeå4�6 
$\L'[X] å@;['G, >Äeå4�6 #B[Q] .T" /">dG[ K]MJhåMÂ6 ÈdTD M» 4[NÁ å4N[ Xe|  

***
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT    

$"CåOÈ $G#̂Nh6D XdC ̂(>C $TOF W"TdE4 #iah\6$"CåOÈ $G#̂Nh6D XdC ̂(>C $TOF W"TdE4 #iah\6$"CåOÈ $G#̂Nh6D XdC ̂(>C $TOF W"TdE4 #iah\6$"CåOÈ $G#̂Nh6D XdC ̂(>C $TOF W"TdE4 #iah\6å4å4å4å4N["N["N["N[" 
$ëTG] 4WM[O$ëTG] 4WM[O$ëTG] 4WM[O$ëTG] 4WM[O, , , , $"4WO ;eG$"4WO ;eG$"4WO ;eG$"4WO ;eG    

W"TdE4 G[L]NWMCQ #B[Q] #L[6 W"TdE4 G[L]NWMCQ #B[Q] #L[6 W"TdE4 G[L]NWMCQ #B[Q] #L[6 W"TdE4 G[L]NWMCQ #B[Q] #L[6     
W"TdW"TdW"TdW"TdE4 \T4[W ÈdT E4 \T4[W ÈdT E4 \T4[W ÈdT E4 \T4[W ÈdT ––––We4 We4 We4 We4     

1.01.01.01.0    #íC[TG[#íC[TG[#íC[TG[#íC[TG[::::    
#DM I]u] 4� $"CåOÈ %F[åOC $TOF #\C\KãKG C"T .4Q W"W_94 $TNT $DT[ W"W_94 $TNTD 4ü .4 

Oe\54 WOB] 4[ (INh6 4OCd Dd ;h .4 CMT]È4 EIÁB 4ü WX[NC[ Wd tëN 4[ \KãKG 4OCd Dd| &W C4G]4 
4[ M̂ËN EhV &W4[ $çIT[W WMN Xe \;W4� IåOB[MíTeI W"W_94 Wd 4M W"4�C åMQC[ Xe 3O (W4ü 
\Tå4OBM[I]N \GìI[EG ÈMC[ 4M Xh ;[C] Xe| &W4� $Q[T[ \TâC-N["\T4üN CMT]ÈB C"T &W #B[Q] 4h $\C 
Êì4O 3O 4M \TëTWG]N KG[C[ Xe| TCÁM[G M» \OC]N I]u] 4� $TOF #\C\KãKG C"T, \;ÝX» I_BÁ u�M C"T L] 
4X[ ;[C[ Xe, 4[ #9QG Xe| &G C"TD M» Kt] W"ËN[ M» W_÷M[4[O W"W_94 $TNT Oe\54 $DT[ \O\TM]N WOB] M» 
êNT\íDC OXCd X¾| &W \T\F M» 4�MO[ $IG[ t\`4hB Q6[C[O KEQCd �. .4 \GåEÁ` ÈdT IO .4 \GåEÁ` 
WMN4[Q C4 C[4C[ Xe 3O (W4� Ië9[Cj $6Qd ÈdT 4[ \KãKG 4OGd 4� \Q. 4�MO[ ‘WhI[G’ 4OC[ Xe| &W4� 
JQíTeI W"TdE4 .4 êN[I4 ÈdT 4[ #\C\KãKG Cd; \KãK6\C Wd 4OC[ Xe 3O (W4� \TLdEG CD[ \Tå4OBM[I]N 
\GìI[EG ÈMC[ M» W^F[O XhC[ Xe| L\TìN (C]WO] I]u]) 4� $TOF #\C\KãKG C"T (g \GìI[EG W"TdE4D 4ü 
IåO4çIG[ 4OCd X¾ \;GM» Kt[ êN_X JhM¼>, KdXCO \Tå4OBM[I]N ÈMC[, K� TBÁCM] K¾@ W"TdEG, (g C[I 
#9[QG &ÙN[åE #M̂5 $\LQÈB XD| &G WL] G' ;eOCD 4h I_BÁ 4OG[ UhF4C[Á2" 4� \Q. .4 K�C Kt] 9̂GiC] 
Xe| #íĈC #IT M» NX[! (>C $TOF W"TdE4 IE[DÁ, #iah\6å4N[" 3O (G C4G]4ü IO %F[åOC W"TdE4D 4ü 99[Á 
4O»6d|  

2.02.02.02.0    $TOF W"TdE4$TOF W"TdE4$TOF W"TdE4$TOF W"TdE4    IE[DÁ IE[DÁ IE[DÁ IE[DÁ     
$TOF L[6 4� #4[U W"W_9G 4� \Q. \TíC̀C å4íM 4� %"CåO4 3O $I2êN] $FÁ9[Q4 (IQáF Xe [1]| 
W[M[ÝNCN[ #4[U \TLT]N \TF[ M» (INh6 M» %Gd T[Qd IE[Dµ 4ü W_9] C[\Q4[ -1 M» E] �' Xe| å4W] \T\U` 
IE[DÁ 4[ 9NG &\Ï:C TBÁCM K¾@, \Tå4OBM[I]N \GìI[EG ÈMC[ 3O #9[QG C[I IO \GLÁO 4OC[ Xe| &\Ý@NM 
6e\QNM %W¼G[.@ (InGaAs) W"W_94 4È]N C[I IO 1.68µm C4 4� TBÁCM C4 Q[L EdCd X¾| InAs, InSb, 

PbTe 3O PbSe ;eWd IE[DÁ MÜN $TOF L[6 (MWIR) 4� \Q. (IQáF X¾| &G WK M» InSb, $IG] (g �[">M 
EÈC[ 4� 4[OB MWIR W"W_9G 4� \Q. WKWd ÑN[E[ #\W; 
Xe| Si:As L] \TíC̀C K¾@ (0.8 Wd 30 µm) M» (INh6] Xh 
W4C[ Xe IO &W4� \Q. &G4h $\C \GãG C[I (Q6L6 
12K) IO #9[\QC 4OG[ ItC[ Xe| \T\L> MO4O] 4�@åMNM 
>dQ^O['> (HgCdTe) åMÅ $FÁ9[Q4 #4[U \TLT]N 3O 
#4[U 9[Q4üN $\L\TÝN[WD M» 0.7µm Wd 20µm C4 
4[NÁ 4OCd X¾| 4W: G' $TOF W"W_94 C4G]4ü ;eWd å4 
�[">M 4�I (QWIP) 3O W^IO Qeå>W %F[åOC (SLS) $IGd 
\T\U` 6̂BD ;eWd E]7Á %N_êX %4[O, (g #9[QG C[I, 

4M Q[6C &ÙN[åE 4� 4[OB $IG[ íD[G KG[ OX] X¾| 
OT[X]G \W\Q4hG 3O TdG[å@NM 0ÊW[&@ $U]\CC 
Cd;M[I] 4� \Q. (IN^F IE[DÁ X¾|  

3.03.03.03.0    (>C $TOF W"Td(>C $TOF W"Td(>C $TOF W"Td(>C $TOF W"TdE4 #iah\6E4 #iah\6E4 #iah\6E4 #iah\6å4å4å4å4N["N["N["N["        
W[M[ÝNCN[ MO4O] 4�@åMNM >dQ^O['> (.M.W].>].)åMÅ 
$FÁ9[Q4 4h &W4� &\Ï:C K¾@ 6eI M» 4OGd 4� 6̂B 3O (g �[">M EÈC[ 4� 4[OB $TOF W"TdE4D 4� \Q. %EUÁ 

तािलका ----1 1 1 1 अवरA संवेदक    पदाथ8    

पदाथ8पदाथ8पदाथ8पदाथ8 अ(तक अ(तक अ(तक अ(तक  

तरंगदै;य8 तरंगदै;य8 तरंगदै;य8 तरंगदै;य8  

λc (µm) 

जालक सुमेिलत  InGaAs 1.68 

तनावयAु  InGaAs 2.5 

InAs इ�(डयम आसCनाऐड 3.5 

InSb इ�(डयम एंटEमोनायेद  5.5 

PbTe लेड टेलुराइट 4.1 

PbSe लेड सेलेनेड  4.8 

PbSnTe लेड 0टेनलेस टेलुराइट 2 to 15 

HgCdTe एम.सी.टE. 0.7 to 30 

GaAs/AlGaAs (QWIP) 8.9 

InAsSb/InSb (SLS) 7 to 10 

InAs/InGaSb (SLS) 3 to 30 
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IE[DÁ M[G[ ;[C[ Xe| .M.W].>] IE[DÁ C4G]4ü 4ü CM[M (IQ\áFND 4� K[T;_E L] \Cí>Q TFÁG M» MO4O] 4� (g 
T[ìIE[K 4� 4[OB .4 M̂ËN WMíN[ OX] Xe ;h å4 T\FÁC IE[DÁ 4� ND[DÁ W"7>G \GN"TB M» 4å?G[' (ÙI> 4OC[ 
Xe| &W4� 4[OB Ktd %4[O 4� .M.W].>] G[L]N WMCQ %êN_X (g $WM[GC[ (non-uniformity), $çI (ÙI[E 
3O ÑN[E[ 4üMC ;eW] $@9GD 4[ W[MG[ 4OCd X¾| M[G4 n-on-p C4G]4ü 4ü M̂ËN WMíN[ MO4O] åOFC[2" 
(vacancies) 4� 4[OB &QdÊ>ÄhG 4[ $çI ;]TG4[Q Xe| &W4� 4[OB (g CMF[O[ (dark current) ;eW] 
WMíN[." W"TdE4 4� $\F4 #9[QG C[I 4� \Q. K[F4 X¾| NX[! %F̂\G4 4[Q 4� C̀C]N I]u] Wd W"TdE4D 4ü 
%Të4NC[2" 4h I_BÁ 4OGd XdĈ GT]GCM C4G]4ü 4� K[Od M» \TíC̀C ;[G4[O] E] 6. X¾|  

    3.13.13.13.1    .M.M.M.M....W]W]W]W]....>]>]>]>]    ((((MCT)MCT)MCT)MCT)    C4G]4ü C4G]4ü C4G]4ü C4G]4ü ----                                

$TOF W"W_94 Eh \T\L> );[Á Iå�4[2" (9[QG 3O W"Nh;] K¾@) 4� K]9 4� åOF íD[G N[\G K¾@ 6eI (Eg) 4� 
$G^W[O \GãG\Q\5C W_T Wd #[o CO"6EeÜNÁ C4 4� \Tå4OB 4[ W"W_9G 4OGd M» #L[T] XhCd X¾| EEEEgggg    ((((eV)eV)eV)eV)    = 1.24 / = 1.24 / = 1.24 / = 1.24 / 

CO"6EeÜNÁCO"6EeÜNÁCO"6EeÜNÁCO"6EeÜNÁ    ((((μm)m)m)m) 

 

\9T\9T\9T\9T----1111    9[QG 3O W"Nh;] K¾@ M» #4[U 4[ (ÙW;ÁG 3O $TUhVB EU[ÁC[ Od5[\9T9[QG 3O W"Nh;] K¾@ M» #4[U 4[ (ÙW;ÁG 3O $TUhVB EU[ÁC[ Od5[\9T9[QG 3O W"Nh;] K¾@ M» #4[U 4[ (ÙW;ÁG 3O $TUhVB EU[ÁC[ Od5[\9T9[QG 3O W"Nh;] K¾@ M» #4[U 4[ (ÙW;ÁG 3O $TUhVB EU[ÁC[ Od5[\9T    

3.1.13.1.13.1.13.1.1 (g #9[QG C[I(g #9[QG C[I(g #9[QG C[I(g #9[QG C[I    ((((HOT)))) nnnn----onononon----p p p p .M.M.M.M....W]W]W]W]....>]>]>]>].... W"\TO9GW"\TO9GW"\TO9GW"\TO9G::::    

M[G4 n-on-p #\CN[ M» C4G]4ü W^F[OD Wd WEhVD 4� 4[OB 1/f OT (noise) 4h ÝN_G4O #9[QG C[I M» T̀\; 4ü 
;[ W4C] Xe| #\CN[ M» WCC W^FO (g 6̂BTÇ[ 4� IE[DÁ 3O Jh>hTh\ç>4 #CM 4� WL] 9OBD 4� W>]4 
&`CM]4OB (optimization) IO %F[åOC X¾| Whu[å@O Gd $TOF %N_êX 4h \T4\WC å4N[ Xe \;W4ü $ÝC4 

(cutoff) CO"6EeÜNÁ 5µm 3O #9[QG C[I 90K Wd 130K C4 \KG[ å4W] \GìI[EG ÈMC[ M» 4M] å4. �., Ku[ 
W4Cd X¾ [2]| W"TdE4 4� (g C[I #9[QG 4� JQíTeI XM» #U]C4 (cooler) 4ü );[Á 5IC 4h 4M 4O4� &W4ü 
\TëTWG]NC[ 4h Ku[N[ Xe| 90K IO #9[\QC M[G4 W"TdE4 4ü ĈQG[, (g C[I IO #9[\QC W"TdE4 M» M» );[Á 
5IC 50% 4M 4O4� #U]C4 4[ ;]TG4[Q Eh 6̂G[ C4 Ku 6N[ Xe|  

3.1.23.1.23.1.23.1.2 (g #9[QG C[I(g #9[QG C[I(g #9[QG C[I(g #9[QG C[I    ((((HOT)))) p-on-n .M.M.M.M....W]W]W]W]....>]>]>]>] W"\TO9GW"\TO9GW"\TO9GW"\TO9G:::: 

M[G4 nnnn----onononon----pppp C4G]4ü 4ü ĈQG[ M» pppp----onononon----n n n n .M.W].>] 
@[Nh@ C4G]4ü “$çI CMF[O[ ” 4� 4[OB G[L]N %N_êX 
4h (g C[I IO #9[\QC 4OGd ÈMC[ #E[G 4OC[ Xe $DT[ 
(W] C[I IO W"4�C OT $G^I[C    ((((SNR)SNR)SNR)SNR) 4h Ku[ EdC[ Xe| &W 
W"\TO9G C4G]4ü M» Whu[å@O 3O CEA-LETI 4h \GÎBC[ 
#[o Xe| &W4� \Q. $\C(g 6̂BTÇ[ 4[ IE[DÁ, In 3O As 
4[ $I2êN] $IåMÅB CD[ WMCQ]N C4G]4ü M» PV #CM 
4ü EÈC[ %TëN4 Xe [3]| &W C4G]4ü 4� M̂ËN TeâC-
#4[U]N IåOB[M &W COX Xe-    

• M[G4 n-on-p #4[U@[Nh@ 4ü ĈQG[ M» &W C4G]4ü 
M» CM F[O[ 4[ IåOM[B Q6L6 Eh 4hå> 4M Xe ;eW[ å4 \9T-2222 M» E\UÁC Xe|  
• #4[U $G^\CN[ $WM[GC[ 3O W"\9C WEhV \9T["U EO M[G4 n-on-p (ÙI[EG W"TdE4D 4� ĈçN X¾|  

 

िचᮢ-2 2 2 2  pppp----onononon----n and nn and nn and nn and n----onononon----p p p p तकनीकᳱ के िलए तम धारा 
कᳱ तुलना         



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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• W"4�C OT $G^I[C 4ü ĈçNC[ M[G4 n-on-p C4G]4ü 4ü ĈQG[ M» (g C[I Xe ;h å4 U]CQG %TëN4C[ 
4h 4M4O #B[Q] 4ü \TëTWG]NC[ W^F[OC] Xe|  

3.23.23.23.2    �[">M @f> %F[åOC�[">M @f> %F[åOC�[">M @f> %F[åOC�[">M @f> %F[åOC    ((((Quantum Dot based)Quantum Dot based)Quantum Dot based)Quantum Dot based) - QWIP 3O QDIP N^\FN[! 9[QG K¾@ M» KGd (I-);[Á íCOD 
4� K]9 &QdÊ>Ä[G 4� I[O6MG (transition) IO \GLÁO 4OC] X¾| �[">M \KÝÊ ;eW] W"O9G[2" M» &QdÊ>ÄhG 4ü W]åMC 
6\C 4� 4[OB (ÙI> \T\TF (discrete) );[Á íCOD 4� K]9 &QdÊ>ÄhG 4[ $TUhVB / (ÙW;ÁG X] �[">M \KÝÊ 
$TOF W"W_94D 4[ M_QL_C \W;["C Xe| \9T-3 M» %Od5 E\UÁC Xe|  

 

 

      

 

 

 

 

\9T\9T\9T\9T----3333    �[">M @f> %F[åOC�[">M @f> %F[åOC�[">M @f> %F[åOC�[">M @f> %F[åOC    W"TdE4D 4� );[Á íCO Od5[\9TW"TdE4D 4� );[Á íCO Od5[\9TW"TdE4D 4� );[Á íCO Od5[\9TW"TdE4D 4� );[Á íCO Od5[\9T    
3.33.33.33.3    WÎO Qeå>W %F[åOCWÎO Qeå>W %F[åOCWÎO Qeå>W %F[åOCWÎO Qeå>W %F[åOC    ((((Super Lattice based)Super Lattice based)Super Lattice based)Super Lattice based) &W C4G]4ü M» Eh \T\L> K¾@ 6eI T[Qd IE[Dµ 4ü IOCD 4h 
.4 4� K[E .4 &W CM M» W"T\FÁC å4N[ ;[C[ Xe å4 &G4� );[Á íCO %IW M» E_WOd 4�I 4� );[Á íCO Wd �[">M 
LdEG 4� M[ÜNM Wd WãK"\FC OX W41| &W #4[O ;K $Gd4 4�ID 4� );[Á íCO åMQ4O “åMG] K¾@ ” KG[ QdCd X¾| &W 
#4[O 4� K¾@D 4h XM 4�ID N[\G å@Ih\;> IOCD 4ü Mh>[' 3O IE[DÁ 4� K¾@ 6eI 4� M[ÜNM Wd WM"\;C4O QdCd X¾| 
&G åMG]-K¾@D 4� K]9 .QdÊ>ÄhG 4[ I[O6MG Wd \Tå4OB 4[ W"W_9G &W C4G]4ü 4[ \W;["C Xe| Ed5» \9T-4 

 

\9T\9T\9T\9T----4444    W^IO Qeå>W %F[åOCW^IO Qeå>W %F[åOCW^IO Qeå>W %F[åOCW^IO Qeå>W %F[åOC    W"TdE4D 4� );[Á íCO Od5[\9TW"TdE4D 4� );[Á íCO Od5[\9TW"TdE4D 4� );[Á íCO Od5[\9TW"TdE4D 4� );[Á íCO Od5[\9T    

4.04.04.04.0    $U]\CC $TOF W"TdE4 $U]\CC $TOF W"TdE4 $U]\CC $TOF W"TdE4 $U]\CC $TOF W"TdE4     
$U]\CC] $TOF W"W_9G M» M̂ËNC[ C]G \T\FND IO ÜN[G EdG[ %TëN4 Xe ;h å4 C[IM[I], (Ç[IM[I] 3O 
C[ITeâC]N #L[T X¾| (Ç[IM[I] W"TdE4 M» %"CåO4 TeâC]N �T̂B M» IåOTCÁG M[I[ ;[C[ Xe ;Kå4 C[IM[I] 3O 
Cd;M[I] M» TeâC #\COhF M» IåOTCÁG Ed5Cd X¾| Nd N^\FN[! Xç4ü, M;K_C, \TëTG]N 3O $çI 4üMC M» (IQáF 
Xh4O W[M[ÝN C[I M» #9[\QC Xh MÜNM W^'åXC[ #E[G 4OC] X¾| $U]\CC $TOF C4G]4ü M» 4W: M̂ËN (>C 
C4G]4ü \GãG\Q\5C X¾- 

4.14.14.14.1    SOISOISOISOI    @[Nh@ %F[åOC $U]\CC@[Nh@ %F[åOC $U]\CC@[Nh@ %F[åOC $U]\CC@[Nh@ %F[åOC $U]\CC %N_êX%N_êX%N_êX%N_êX    

Na\I #\COhF4 W_÷MCCd;M[I] 4[ (INh6 $U]\CC M» C[I W"TdE4 4ü COX $ÊWO å4N[ ;[C[ Xe IO $9[Q4 IO 
\W\Q4hG (SOI) @[Nh@ C4G]4ü \;WM» CX IO p-n @[Nh@ KG[4O &G4h C[I W"TdE4 4� eI M» \T4\WC 4OGd 4� 
CÚN W[MGd %. X¾| ;[I[G] $"CåOÈ W"íD[ 4� \Q. åMÙW^\TU] Gd 2 åM\QNG \9T["U T[Q[ SOI @[Nh@ %F[åOC 
$U]\CC %N_êX \T4\WC å4N[ Xe| .4 G' \9T["U W"O9G[ @[Nh@ 4[ \T4[W4O \9T["U $"CO[Q 4h 17 M['ChG 
4� $"EO W]åMC4O \QN[ Xe|  

@[Nh@ 4[ Od5[\9T \9T-5 M» åE5[N[ 6N[ Xe| NX[! p+-n 3O n+-p (ÜT[ÁFO @[Nh@D 4h SOI 4� W\CN ÈdT M» .4 
W[D KG[N[ 6N[ Xe| &G EhGD @[Nh@D 4h F[Ĉ 4� $"COW"KF] WCX IO ÅdB] CM M» W"Nh\;C å4N[ 6N[ Xe| &W COX 
4ü W"O9G[ W[M[ÝNCN[ @[Nh@ 4ü ĈQG[ M» 15 % @[Nh@ ÈdTJQ 4ü 4M] #E[G 4OC] Xe [5]|  

GaAs  बᱹड गैप  InAs बᱹड 

उप ऊजाᭅ ᭭तर  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
 

अतं�र� उपयोग क� � / �वकास एव ंशै��क संचार यूिनट, इसरो, अतं�र� �वभाग, अहमदाबाद  77 

 

 

     \9T\9T\9T\9T----5    : 2-in-1 SOI @[Nh@ W"O9G[ @[Nh@ W"O9G[ @[Nh@ W"O9G[ @[Nh@ W"O9G[                         \9T\9T\9T\9T----6 :SOI @[Nh@ %F[åOC \9T["U W"O9G[@[Nh@ %F[åOC \9T["U W"O9G[@[Nh@ %F[åOC \9T["U W"O9G[@[Nh@ %F[åOC \9T["U W"O9G[ 

(ÎNÁF $U]\CC %êN_X @[Nh@ %F[åOC \9T["U 4ü $G^#íD W"O9G[ \9T-6 åE5[' 6. Xe \;WM» SOI %F[åOC 
C[I W"TdE4 \W\Q4hG Wd TeâC $"COW"KFD 4ü #E[N \IGh 4� O[O[ C[I]N eI Wd $Q6 OXCd X¾|  

%I\CC $TOF \Tå4OB 4h $TUhV4 O[O[ $TUh\VC4O Nd @[Nh@ 4[ C[I IåOT\CÁC 4OC[ Xe| NX C[I IåOTCÁG 
\GNC K[NW F[O[ IO 9[\QC @[Nh@ 4� $' \TLT IåOTCÁG 4� eI M» W"TdåEC å4N[ ;[C[ Xe| &W C4G]4ü 
%F[åOC 2 åM\QNG \9T["U %N_êX 4ü M̂ËN \TUdVC[." C[\Q4[-2 M» E] 6ई X¾ CD[ &W4� O[O[ \QN[ 6N[ #\C\K"K 
\9T-7 M» E\UÁC Xe|  

    

    

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----    2222    ::::2222    åM\QNG \9T["U %N_êX 4� MË̂N \TUdVC[."åM\QNG \9T["U %N_êX 4� MË̂N \TUdVC[."åM\QNG \9T["U %N_êX 4� MË̂N \TUdVC[."åM\QNG \9T["U %N_êX 4� MË̂N \TUdVC[."                    
\9T\9T\9T\9T----7777    $U]\CC %êN_X Wd \QN[ 6N[ #\C\K"K $U]\CC %êN_X Wd \QN[ 6N[ #\C\K"K $U]\CC %êN_X Wd \QN[ 6N[ #\C\K"K $U]\CC %êN_X Wd \QN[ 6N[ #\C\K"K     

    

\9T\9T\9T\9T-8    GeGhCd;M[I] \9T["U W"O9G[GeGhCd;M[I] \9T["U W"O9G[GeGhCd;M[I] \9T["U W"O9G[GeGhCd;M[I] \9T["U W"O9G[ 

4.24.24.24.2    GeGhCd;M[I]GeGhCd;M[I]GeGhCd;M[I]GeGhCd;M[I]    ((((Nanobolometer)Nanobolometer)Nanobolometer)Nanobolometer) 

#4[U]N $G^G[åEC GeGh4BD 4� K¾@-TOB] $TUhVB #4_\C 4[ (INh64O WMÝNC[I #9[\QC K�-íIdÊ>ÄM] 
$TOF W"W_9G C4G]4ü N[\G GeGhCd;M[I] \T4\WC å4N[ 6N[ Xe| &W N^\F 4[ #9[QG \W;["C #4[U9[Q4üN 
/ #4[U @[Nh@ W"W_94D IO %F[åOC GXù Xe $C# &ÝX» U]CQG 4ü %TëN4C[ GXù XhC]| TXù E_WO] COJ NX 
C4G]4ü W_÷M Cd;M[I] 4ü COX C[I 4[ W"TdEG L] GXù 4OC]|           

\W\Q4hG $TíCO IO %F[åOC GeGhCd;M[I] \G4> $TOF Wd E]7Á $TOF \Tå4OB C4 4ü IO[W M» W"W_9G 4OCd 
X¾ ;h å4 IE[DÁ 3O W"\TO9G Q[6C 4h 4M 4OC[ Xe, &W4� %Q[T[ &W] $TíCO IO IO[Ke6G] 3O tëN W"W_94 
\9T["U L] WM[4\QC4O K�-(ªdëN] W"W_94 KG[ W4Cd X¾| E]7Á CO"6EeÜNÁ $TUhVB 4� \Q. íTBÁ GeGh4BD 4� 

%N_êX %4[O  2000 x 1000 

\9T["U %4[O  15μm 

\9I %4[O  40.30mm x 

24.75mm 

@[Nh@ W"O9G[  2-in-1 SOI diode 

OT ĈçN C[I[ÝCO  
NETD 

(@f/1.0)[mK] 

60 (15 Hz) 

84 (30 Hz) 

τth [msec] 12 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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%N_êX 4ü $\L4çIG[ \9T M» EU[Á' 6. X¾| \9T-9 M» $G^e\IC íIdÊ>ÄM] %Qd5 M» GeGh4BD 4� $"CO[Q 4� W[D 
(G4� $TUhVB 6CÁ 4[ $ÜNNG å4N[ 6N[ Xe| NX[! GeGh4BD 4� 6eI 4h \GNC O5[ 6N[ Xe| %Qd5 Ed5Gd IO 
\Gì4VÁ \G4QC[ Xe å4 4BD 4[ $"CO[Q (pitch) KEQGd Wd I[O6MG 6CÁ M» \TíD[IG XhC[ Xe N[\G $G^G[E] 
$TUhVB M» KEQ[T %C[ Xe| &W COX Wd 9N\GC $TUhVB 6̂B 4[ (INh64O $TOF \Tå4OB 4� Ktd L[6 4� 
\Q. \T\L> #4[O 4� GeGh 4BD %N_êX 4[ W"\TO9G K�-íIdÊ>ÄM] W"TdE4D 4� \Q.4O W4Cd X¾ [7]|  

GeGhCd;M[I] 4� \9T["U 4ü W"O9G[ \9T-8 M» E\UÁC Xe| N̂\F Xe \;W4� 6d> 0ÊW[&@ L[6 M» GeGh4BD 4h WM[åXC 
å4N[ 6N[ Xe| $TOF \Tå4OB 6d> 0ÊW[&@ L[6 M» %I\CC Xh4O GeGh4BD M» $TUh\VC XhC[ Xe| $ĜG[E 4� 
4[OB #ÙNd4 GeGh 4BD 4� I[W 4ü TeâC ÈdT M̂ËNC# Ku ;[C[ Xe| TeâC ÈdT M» Ku[T 9eGQ Wd 6d> 4� &QdÊ>ÄhG 
LdEG O[O[ 6d> 4ü ÈOB F[O[ 4h Ku[C[ Xe| &W4� JQíTeI 9eGQ F[O[ M» 4M] 4h W"W_94 W"4�CD 4ü COX M[I[ 
;[C[ Xe|                              

 

\9T\9T\9T\9T    9 (a) íTBÁ 4BD 4� %N_êX 4[íTBÁ 4BD 4� %N_êX 4[íTBÁ 4BD 4� %N_êX 4[íTBÁ 4BD 4� %N_êX 4[    Od5[\9TOd5[\9TOd5[\9TOd5[\9T    ((((b) TBÁCM WM";G 4� \Q. #[eIB %Qd5TBÁCM WM";G 4� \Q. #[eIB %Qd5TBÁCM WM";G 4� \Q. #[eIB %Qd5TBÁCM WM";G 4� \Q. #[eIB %Qd5 

5.05.05.05.0    K�K¾@ $TOF W"TdE4 K�K¾@ $TOF W"TdE4 K�K¾@ $TOF W"TdE4 K�K¾@ $TOF W"TdE4     
K�–K¾@ W"W_94 .4 X] \9T["U 4� $"EO íTC"T eI Wd \T\L> íIdÊ>ÄM K¾@ 4� W"W_9G 4ü ÈMC[ #E[G 4OC[ Xe| &W4� 
JQíTeI NX \T\U` QÈB (ÇM W"TdEG 3O IX9[G CD[ T[C[TOB 4ü \TíC̀C \TâC 9̂ãK4üN IO[W 4� \Q. 
&`CM #\C\KãK4ü 4ü %TëN4C[ $\LN[G 4ü \TëTG]NC[ 3O U\F 4h Ku[T[ EdC[ Xe| &W ÈdT M» W[M\N4 
\T4[W 4W: &W COX Wd Xe -  

5.15.15.15.1    MCTMCTMCTMCT %F[åOC \O%F[åOC \O%F[åOC \O%F[åOC \O----K¾@ $TOF W"TdE4K¾@ $TOF W"TdE4K¾@ $TOF W"TdE4K¾@ $TOF W"TdE4: : : :  
CEA-LETI Gd MCT %F[åOC \O-K¾@ $TOF %N_êX 4h Eh \T\L> T[íĈW"O9G[ M» \T4\WC å4N[ Xe:- .4 Ch 
$FÁ-WMCQ]N W"O9G[ 3O E_WO] NPN NPN NPN NPN W"O9G[ [9]| NPN NPN NPN NPN W"O9G[ #\C \9T["U .4Q W"K"FG Wd $G^CåMC I?G 
4OC] Xe ;Kå4 $FÁ-WMCQ]N W"O9G[ WM4[\Q4 W"W_9G 4OC] Xe|     

5.1.15.1.15.1.15.1.1 $FÁ$FÁ$FÁ$FÁ----WMCQ]N W"O9G[WMCQ]N W"O9G[WMCQ]N W"O9G[WMCQ]N W"O9G[ ––––    NX W"O9G[ Eh \T\L> MCT MCT MCT MCT W"7>G 4� n-on-p CQ]N @[Nh@ 4h Eh WCXD 
IO KG[Nd ;[C] Xe| $çI $ÝC4 CO"6EeÜNÁ G]9d 4ü p-type $TUhVB IOC 3O )IO 4ü p-type $TUhVB IOC 
OhF4 4� O[O[ $Q6 OX4O @[Nh@D 4� K]9 TeâC Uh>Á 4h Oh4C] X¾| #ÙNd4 \9T["U IO Eh íTC"T W"I4· EhGD @[Nh@D 
4� \Q. OXCd X¾ ;h WM4[\Q4 W"W_9G 4OCd X¾| NX W"O9G[ $"CO[Q ÝN_G]4OB 4ü t`] Wd 4M #L[T] XhCd �. 
&W4� Eh MXÙTI_BÁ Q[L \GãG X¾-  

- NX W[M[ÝN CQ]N @[Nh@ W"\TO9G C4G]4ü 4[ (INh6 4OC[ Xe|  

- EhGD K¾@D 4� \Q. I_BÁC# WMÈ\B4 4[\Q4 W_9G[ 4ü (IQáFC[|   

\9T["U Od5[\9T, $G^#íD tëN 3O 640 x 512, 24µm \9T["U $"CO[Q T[Qd MW/LW $TOF %N_êX 4� O[O[ 
\Q. 6. #\C\K"K 4h \9T – 10 M» EU[ÁN[ 6N[ Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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&W IT M» \T\L> GãN Ku-K¾@ G]CL[O \TÝN[WD IO .4 #B[Q] \TëQdVB #E[G å4N[ 6N[ Xe| G]CL[O 2êNM[G 

3O GãNC[ 4� M[MQd M» C4G]4ü IXQ^2" IO .4 ĈQG[ÙM4 \TëQdVB #íĈC å4N[ Xe| &W IT M» W"9[O (I'X IO 

.4 IO[OhX] 4� eI M» O5d ;[ W4Gd T[Qd GãN G]CL[O 4[ $\L4çI #íĈC å4N[ 6N[ Xe, ;h %IE[ #K"FG 3O 

%TdEG IO ÈMC[ #E[G 4OC[ Xe| NX IT L\TìN 4� GãN G]CL[O 4� \Q. C4G]4ü \T4[W 4� ÈdTD 4h L] (;[6O 

4OC[ Xe|  

1111.... #íC[TG[#íC[TG[#íC[TG[#íC[TG[        
W"9[O (I'X \TíC̀C êN[\o, 4M Wd 4M L_-A["9[6C 3O Cd;] Wd WdT[ CeG[C] 4� 4[OB Te\ëT4 W"9[O 4� IåOtëN 4[ 
.4 MXÙTI_BÁ åXíW[ Xe| X[Q["å4, (I'X \T4[W 4� \Q. %TëN4 Q[6C 3O WMN Cd;] Wd Ku OXd X¾| E_WO] 2O 

4È]N íD[GD, %T̀\Ç Nh;G[2" 3O WdT[ %TëN4C[2" (K¾@-\TíC[O, W"4�C W"O9G[ 3O êN[\o) M» Q6[C[O 

$IåOTCÁG 4ü %TëN4C[ Xe| &G 4[O4D Gd G]CL[O Q9]Q[IG 4ü $TF[OB[ 4� \Q. M[6Á #UíC å4N[ Xe| 
GãNC[ 4� \Q. #dV[G^4O 3O .">]G[ X[@ÁTdNO M» T̀\; .4 (I-&`CM $\L4çI #E[G 4OC[ Xe| &G 4[OBD Wd 
GãNC[ 4� íCOD 4[ .4 íI` T6ú4OB %TëN4 Xe 3O W"K; #EUÁG M» \GãG]4OB IO \T9[O 4ü ;eOC Xe|  

\T\L> #4[OD 4ü GãNC[ 4� W[D W"9[O (I'XD 4� \T4[W 4� \Q. 4' #N[W å4. 6. X¾| #Nh6[ÙM4 W"9[O (I'X 

;eWd Wideband Inter-networking Satellite (WINDS) 3O SPACEWAY M» CMK; êN^X .">dG[ 3O N^6IC 

W"W[FG 4� (INh6 Wd êN[\o 3O \íT9G M» GãNC[ 4ü IdU4U 4ü 6' Xe| E_WO] 2O Hylas-1 (I'X %T̀\Ç 

Nh;G[, 9eGQ K¾@-\TíC[O, 3O U\F M» GãNC[ #E[G 4OC[ Xe| 4[Jü We;["\C4 4[M GãN G]CL[O 4� C4G]4ü 
IXQ^2" IO ;hO EdGd 4� \Q. 4' WM_XD O[O[ å4. 6. X¾| KXOX[Q, \T\L> #iah\6å4ND 3O \TÝN[W 4� \Q. 

G]CL[O 2êNM[G 3O GãNC[ 4� K]9 >Äd@-0J 4ü %TëN4C[ Xe| $Q6-$Q6 %T̀\Ç K¾@ 4� \Q. M[T[ÙM4 

\TëQdVB $Q6-$Q6 #EUÁG Mdå>ÄÊW Wd #dåOC Xe| \TíC̀C %TdEG 4� 4[OB TCÁM[G 4[NÁ Ku-K¾@ G]CL[O M» 
GãNC[ IO 41\2C Xe|  

NX IT IXQd .4 I[O"IåO4 Ku-K¾@ G]CL[O 4ü W]åMC GãNC[ IO #4[U @[QC[ Xe| W[M[ÝN GãNC[ 
%TëN4C[2" 3O (W4� #4[O IO \T9[O-\TMUÁ å4N[ 6N[ Xe| GãNC[ 4ü KuC] íCO 4� W[D 9[O GãN G]CL[O 

\TÝN[W� 4h (;[6O å4N[ 6N[ Xe 3O \T\L> \TÝN[W \T4çID 4� K]9 >Äd@-0J \TëQdVB å4N[ Xe| K[E M», 
W[M[\;4 $G^#Nh6D 4� \Q. .4 MÜNM ;å>QC[ T[Qd G]CL[O \TÝN[W 4[ \TíC[O Wd TBÁG å4N[ 6N[ Xe, ;h 
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å4OBÎ"; 4� %4[O M» IåOTCÁG T["\:C X¾| %T̀\Ç Nh;G[ å4 GãNC[ M» (IQáF %T̀\Ç K¾@ M» Wd å4W] M» W"9[QG, 

\;WM» $I\Q"4, @[(G\Q"4 N[ EhGD M» GãNC[ 4� \Q. #[TF[G U[åMQ Xe| 4' (INh6D M» &`CM W"9[QG 4� \Q. 

(IQáF K¾@-\TíC[O 4� W"Nh;G N[ (I-9dGQ['sdUG 4ü %TëN4C[ XhC] Xe| K¾@-\TíC[O M» GãNC[ íIdÊ>ÄM 

%T">G 4� \T7>G 4� eI M» \GF[ÁåOC 4ü Xe| 4W: ÈdTD IO $\CåOF ÈMC[ #E[G 4OGd 4� \Q. N[ T[N^M"@Q]N È\C 

4h 4M 4OGd 4� \Q. (L[OC]N ÈdT IO Ku-K¾@ M» 6dB C4); (ÙI[EG U\F M» GãNC[ T[":G]N Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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C[\Q4[C[\Q4[C[\Q4[C[\Q4[----1: 1: 1: 1: \Wí>M\Wí>M\Wí>M\Wí>M    #EUÁG#EUÁG#EUÁG#EUÁG    4ü4ü4ü4ü    CQ̂G[CQ̂G[CQ̂G[CQ̂G[    

GãNC[GãNC[GãNC[GãNC[    4� #4[O4� #4[O4� #4[O4� #4[O    
IOãIO[6CIOãIO[6CIOãIO[6CIOãIO[6C 

    ((((\T\U`\T\U`\T\U`\T\U`)))) 

$\F4CM $\F4CM $\F4CM $\F4CM     
T["\:CT["\:CT["\:CT["\:C    

4È]N íD[G \G\ë9C (± 2 å@']) 9O (± 30 å@']) 

êN[\o \G\ë9C %4_\C 3O %4[O 9O \T4OB W"Od5B, %4_\C 3O %4[O 

%T̀\Ç Nh;G[ CN (500 MHz) 9O ($I\Q"4 3O / N[ @[(G\Q"4) 

>Ä["WID@O K¾@-\TíC[O CN (36 N[ 72 MHz) 9O (<1 MHz \T7>G) 

(ÙI[EG U\F CN %(>Î> (140W) 9O (6 dB C4) 

4444.... GãNGãNGãNGãN    G]CL[OG]CL[OG]CL[OG]CL[O    \TÝN[W\TÝN[W\TÝN[W\TÝN[W    

\I:Qd $G^L[6 M», G]CL[O $XW[W ;å>QC[ 3O T["\:C GãNC[ 4ü %TëN4C[ 4[ (�d5 å4N[ Xe| &W \TëQdVB 

4ü W^\TF[ 4� \Q. \T\L> íCOD 4h ;å>QC[ 3O GãNC[ 4� KuCd CM M» IåOL[\VC å4N[ 6N[ Xe| TCÁM[G G]CL[O 

IåOL[V[ .4Q-å4OBÎ"; G]CL[O (N[ 4W: CN å4OBÎ";) 4� \Q. #íĈC 4ü 6' Xe| X[Q["å4, GãNC[ 4� íCO 4[ 
NX] T6ú4OB K�-å4OBÎ"; \Wí>M 4� \Q. L] M[ÝN Xe|  

íCOíCOíCOíCO----IIII    

GãNC[ 4� \Q. ÝN_GCM #iah\64ü t\`4hB M» I[O"IåO4 G]CL[O RF 7>4D M» Wd 4W: 4[ W"UhFG N[ KEQG[ 
U[åMQ Xe| &W íCO M» êN[\o GãNC[ 4� \Q. \6MKç@ .">]G[ Xe, ;h %4[O .">]G[ 4ü ĈQG[ M» 4M Q[L 4� W[D 

.4 IåOIT K]M #E[G 4OC[ Xe| NX CEDÁ ÈMC[ N[ \T\U` W[M[\;4 $G^#Nh6D 4ü \íD\CND M» íT]4[NÁ Xe| NX 

±30 å@'] 4È]N íD[G IåOTCÁGU]QC[ 4OGd 4� \Q. WÈM Xe| $I\Q"4 %T̀\Ç Nh;G[ GãNC[ ­^GdKQ LO 4� 
W[D T[&@K¾@ 4ÝT>ÁWÁ 4� (INh6 4� M[ÜNM Wd X[\WQ 4ü ;[ W4C] Xe [1]| @[(G\Q"4 %T̀\Ç Nh;G[ å4 GãNC[ 
4� M[MQd M» \T9[O GXù å4N[ Xe| (ÙI[EG U\F M» GãNC[ 4� \Q. N[ Ch GãN TWTA [2], ;h \K;Q] (ÙI[EG M» 
\L>C[ (3-4 dB) #E[G 4OC[ Xe, N[ MQ>]Ih>Á .ãIQ]J[NO (MPA), ;h 4-9eGQ \TÝN[W 4� \Q. 6 dB C4 4[ 
Q[L #E[G 4OC[ Xe, #Nh6 å4N[ ;[ W4C[ Xe|  

íCOíCOíCOíCO    ----    IIIIIIII    

GãNC[ 4� &W íCO M» I[O"IåO4 G]CL[O 7>4D 4[ W"Uh\FC RF 3O IF 7>4D 4� W[D #\CíD[IG U[åMQ Xe| vü@ 

}í>O IO[TCÁ4 .">]G[, %4[O IO[TCÁ4 .">]G[ 4ü ;6X #Nh6 å4N[ 6N[ Xe| &W t\`4hB M», .4 ÎG#\TÝN[W 

%4[O å4OBÎ";, .4 }í>O M» vü@ 4� \T\L> W"Nh;GD 4� O[O[ W"LT Xe [3], ;h 4È]N íD[G GãNC[ #E[G 
4OC[ Xe| ­^GdKQ LO 4� W[D T[&@K¾@ 4ÝT>ÁWÁ 3O IF åJç>O K¾4 $I\Q"4 3O @[(G\Q"4 %T̀\Ç Nh;G[ 
GãNC[ WÈM 4OGd 4� \Q. #Nh6 å4N[ ;[C[ Xe| \íT\9"6 3O K¾@-\TíC[O %T">G $G^eI ;[Q #hWdWO 4� (INh6 

4� O[O[ W"LT Xe| X[Q["å4, K¾@-\TíC[O %T">G 3O &ÝÎ>/%(>Î> 9eGQD M» \T4çI W]åMC X¾| ­^GdKQ (ÙI[EG 

åJç>O 4� ÈdT M» #iah\64ü IåOI� GXù Xe, \;WWd 4M K¾@-\TíC[O (INh6 4� \Q. Q[N[ ;[ W4C[ Xe| (ÙI[EG 

U\F GãNC[ vü@ }í>O (\G\ìCN å4OBÎ";4OG] Gd>T4·) Wd IXQd XO 9eGQ M» GãN TWTAs 4[ #Nh64O #[o 

å4N[ ;[ W4C[ Xe|  

íCOíCOíCOíCO----IIIIIIIIIIII    

GãNC[ 4� &W íCO M» I[O"IåO4 G]CL[O 7>4D 4[ W"Uh\FC RF 3O å@\;>Q IF (I4OBD 4� W[D #\CíD[IG 

U[åMQ Xe| .4 W\CN 9OBK; WOB] .">]G[ #Nh6 å4N[ 6N[ Xe, ;h 4È[ êN[\o 4� W[D-W[D (ÙI[EG GãNC[ 4h 
WÈM KG[C[ Xe| RF MMIC #iah\64ü 4� ÈdT M» #6\C 4� W[D, 4fãIeÊ> 0GKh@Á CMK; WOB] .">dG[ W"LT Xe| 
CMK; WOB] .">]G[ 4[ (INh6 4OGd 4[ .4 3O Q[L, (INh64C[Á >åMÁGQ 3O XíCÈdI 4� K]9 íD[\G4 ;^E[' 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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4� %F[O IO XíCÈdI 4h $íT]4[O 4OGd 4ü ÈMC[ Xe| %T̀\Ç Nh;G[ GãNC[ íCO-2 M» T\BÁC 4� eI M» X] Xe| 
X[Q["å4 K¾@-\TíC[O %T">G 3O M[6Á M» GãNC[ å@\;>Q I[OEUú #hWdWO 4� (INh6 4� M[ÜNM Wd XhC[ Xe| &W 

\T4çI 4h (g U\F 4ü %TëN4C[ Xe, IO NX .4 W[D K¾@-\TíC[O %T">G M» 9eGQD 4ü Kt] W"ËN[ 3O KdXCO 

4BMNC[ #\CN[ 4OGd 4ü ÈMC[ #E[G 4OC[ Xe| W"4�C W"O9G[ M» GãNC[ L] I[OEUú #W"í4OB 4� (INh6 Wd Xe|  

íCOíCOíCOíCO----IVIVIVIV    

GãNC[ 4� (gCM íCO M» å@\;>Q å4OBÎ";4[O] 3O ÎGN®;] #hWd\W"6 4[ &íCdM[Q U[åMQ Xe| å@\;>Q 

å4OBÎ";4[O], 6?G U\F 3O êN[\o M» GãNC[ #E[G 4OC[ Xe| &W4� RF WM4È 4� J[NEd 4� $Q[T[, å@\;>Q 

å4OBÎ";4[O] (DBF) .">]G[ Ie>GÁ IO \GN"TB #E[G 4OC[ Xe, 3O #ÙNd4 åEU[ M» Q[L (N[ EIRP) 4h WM[Nh\;C 

4OGd 4ü ÈMC[ 4� W[D .4 W[D 4' å4OBÎ"; KG[Gd 4ü ÈMC[ #E[G 4OC[ Xe| $"CåOÈ NhÌN FPGAs 3O $ÝN 

å@\;>Q X[@ÁTdNO 4� ÈdT M» #6\C DBF 4� G^4W[G, $D[ÁCj (g 2êNM[G/U\F 4ü %TëN4C[ 4ü LOI[' 4Od6[| 
0GKh@Á ÎGN®;] #hWdWO 9O %T̀\Ç Nh;G[ 4� \GåXC Q[L 4� W[D, M[6Á 3O K¾@-\TíC[O %T">G M» GãNC[ #E[G 

4OC[ Xe| &W4� $Q[T[, (ÙD[G ~2.5 dB 4t] #EUÁG M» W^F[O #E[G 4OC[ Xe| I[O"IåO4, 0GKh@Á (ÙD[G 4� 
(INh6 Wd CN 0G-Kh@Á å@\;>Q X[@ÁTdNO 4� 4[OB W"4�C W"O9G[ 4� (>NG 4[ #\CK"FG XhC[ Xe| X[Q["å4, X[Q 

4ü #6\C Wd 0GKh@Á ÎG#\TÝN[W å@\;>Q X[@ÁTdNO (INh6 4OGd 4ü W"L[TG[ Xe|  

    

\9T\9T\9T\9T----2222 :\T\L>\T\L>\T\L>\T\L>    GãNC[GãNC[GãNC[GãNC[    íCOíCOíCOíCO    4�4�4�4�    W[DW[DW[DW[D    12121212----9eGQ9eGQ9eGQ9eGQ    KuKuKuKu----K¾K¾K¾K¾@@@@    G]CL[OG]CL[OG]CL[OG]CL[O    4�4�4�4�    \Q.\Q.\Q.\Q.    $G^M[\GC$G^M[\GC$G^M[\GC$G^M[\GC    2êNM[G2êNM[G2êNM[G2êNM[G    

5"@-2 M» T\BÁC .4 I[O"IåO4 G]CL[O 4ü ĈQG[ M» GãNC[ íCOD 4[ M_çN["4G 2êNM[G 4� E"@ 4� \Q. å4N[ 6N[ 
Xe| \T\L> GãNC[ íCOD IO Ku-K¾@ 12 9eGQ W"9[O G]CL[O 4� \Q. $ÙN[F̂\G4 $"CåOÈ NhÌN 7>4D 4� %F[O 

IO 2êNM[G 4[ $G^M[G Q6[N[ 6N[ Xe 3O \9T-2 M» åE5[N[ 6N[ Xe| Mi;_E[ #iah\64ü 4� W[D íCO-1 GãNC[ 
2êNM[G M» ÝN_GCM E"@ 4� W[D #[o å4N[ ;[ W4C[ Xe ;Kå4, íCO-2 3O 3 4ü GãNC[ Wd 2êNM[G 3O ;å>QC[ 
M» 4[Jü T̀\; XhC] Xe| íCO-4 M» G]CL[O 2êNM[G M» (�d5G]N T̀\; Xe, ;h %\DÁ4 eI Wd êNTX[NÁ 4� \Q. %6d 
C4G]4ü #6\C 4ü ;eOC 4h &"\6C 4OC[ Xe|  

íCO-1 M» T\BÁC \TÝN[W \T\U` $G^#Nh6D 4� \Q. .4 :h>d Wd IO[OhX] G]CL[O 4� eI M» U[åMQ å4N[ ;[ W4C[ 
Xe| íCO-2 \TÝN[W T[\B\ÑN4 (I'XD 4� \Q. 4È[ M» .4 íIdNO M» U[åMQ å4N[ ;[ W4C[ Xe, ;h 9O %T̀\Ç 3O 

K¾@-\TíC[O, 4� #[TF[G 4� W[D-W[D %4[O 4[ êN[\o GãNC[ #E[G 4OC[ Xe| íCOD 3 3O 4 4� \TÝN[W 

$\F4CM W"LT GãNC[ 4[ #\C\G\FÙT 4OCd X¾, N[G] 6\CU]Q W"W[FGD 4� %T">G 4� W[D $Q6-$Q6 W"ËN[ M» 
å4OBÎ"; J[MÁ 4OGd 4ü ÈMC[| X[Q["å4, íCO-4 M» å@\;>Q å4OBÎ"; eIG 3O 0GKh@Á (ÙD[G 4� (INh6 Wd 
XK-QdW 4Gd\Ê>\T>] 3O W"W[FGD 4� %T">G IO KdXCO \GN"TB 4[ $\CåOF Q[L åMQC[ Xe|  

5555.... W<̂[\TCW<̂[\TCW<̂[\TCW<̂[\TC    G]CL[OG]CL[OG]CL[OG]CL[O    \TÝN[W\TÝN[W\TÝN[W\TÝN[W        
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M["6 IO ÈMC[ 3O %IE[ #K"FG ;eWd 4' %TdEG .4 :h>] W], W[M[ÝN IO[OhX] G]CL[O 4[ (INh64O #E[G 

å4. ;[ W4Cd X¾| íCO-1 3O 2 4ü #iah\64ü 4[ (INh64O &W COX 4� .4 G]CL[O 4[ $\L4çI #E[G å4N[ 
Xe| \9T-3 M» W^<[T åEN[ 6N[ GãN G]CL[O, .4 2-9eGQ Ku-K¾@ \TÝN[W 4� eI M» åE5[N[ Xe|  

H
P
A

H
P
A

    

\9T\9T\9T\9T----3333: : : : #íC[\TC#íC[\TC#íC[\TC#íC[\TC    KuKuKuKu----K¾@K¾@K¾@K¾@    GãNGãNGãNGãN    G]CL[OG]CL[OG]CL[OG]CL[O    4[4[4[4[    áQf4áQf4áQf4áQf4    %Od5%Od5%Od5%Od5    

$ÝN %T̀\Ç K¾@ G]CL[O L] &W \TÝN[W 4� W[D .4ü4_C å4. ;[ W4Cd X¾| .">]G[ #B[Q] M» .4 \6MKç@ 

IO[TCÁ4 Xe ;h $Q6-$Q6 4È]N íD[GD Wd êN[\o GãNC[ #E[G 4OC[ Xe| .">]G[ EhXO] �^T]4_C (Oe\54) 4� W[D 

Xe, 3O �^T]4OB \íT9 4ü WX[NC[ Wd �^T]4_C M» GãNC[ #E[G 4OC[ Xe| EhGD �^T]4OB Ih>µ IO Tx-Rx 

\OW"4�C4 #dV 3O '[X] W"4�CD 4h $Q6 4OCd X¾| 9N\GC '[X] W"4�CD 4h T[&@K¾@ PSF 3O LNA Wd 6̂sOG[ 
ItC[ Xe| LNA 4� K[E ­_G 4OGd NhÌN LO 4� W[D Ku x IF T[&@K¾@ 4ÝT>ÁWÁ T[Qd Eh íTC"T 9eGQ, GãN 

$I\Q"4 %T̀\Ç Nh;G[ (I_BÁ Ku-K¾@ 4� L]CO 4Xù L]) 4ü W^\TF[ #E[G 4OCd X¾| &W4� K[E T[&@K¾@ åJç>O %(> 
0J K¾@ íÎåONW 4h $íT]4[O 4OC[ Xe 3O W"4�CD 4h $Q6-$Q6 K¾@-\TíC[O (10 Wd 100 MHz) åJç>WÁ T[Qd 
4M["@dKQ åJç>O K¾4 M» @[Q[ ;[C[ Xe|  

9eGQD 4� K]9 \íT9 4OGd 4� \Q. 3O .4 K�-K¾@ G]CL[O 4� M[MQd M» $Q6-$Q6 K¾@ 4� K]9 4Gd\Ê>\T>] #E[G 

4OGd 4� \Q. .4 .G[Qf6 #hWdWO O5[ 6N[ Xe| ­^GdKQ LO 4� W[D IF x Ku 4ÝT>ÁWÁ GãN @[(G\Q"4 %T̀\Ç 

Nh;G[ (I_BÁ Ku-K¾@ 4� L]CO 4Xù L]) 4h WÈM KG[C[ Xe| U\F .ãIQ]J[NO &4[' M¾ .4 2 x 2 MPA U[åMQ Xe| 
NX Q6L6 3 dB 4ü XE C4 U\F GãNC[ 4� \Q. $G^M\C EdC[ Xe| T[&@K¾@ #EUÁG 4h #[o 4OGd 4� \Q., #ÙNd4 

.ãIQ]J[NO Å̀"5Q[ M¾ .4 \QÝNO[&sO 4� $Q[T[ .4 &�Q['sO Xe| MPA 4� (ÙI[EG M» Eh 9eGQD 4h Tx-Tx 

\OW"4�C4 4� (INh6 Wd W"N^F å4N[ ;[C[ Xe 3O .4 X[M®\G4 åO;dÊ> åJç>O (HRF) 4h #E[G å4N[ ;[C[ Xe|  

G]CL[O 4ü $G^M[\GC 2êNM[G 3O U\F CMU: 55 Kg 3O 430 W X¾| &W \TÝN[W 4� W[D X[\WQ GãNC[ 
#EUÁG C[\Q4[-2 M» #E[G 4ü 6' Xe|  

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----2: 2: 2: 2: W<̂[\TCW<̂[\TCW<̂[\TCW<̂[\TC    GãNGãNGãNGãN    G]CL[OG]CL[OG]CL[OG]CL[O    \GìI[EG\GìI[EG\GìI[EG\GìI[EG    

GãNC[GãNC[GãNC[GãNC[    #4[O#4[O#4[O#4[O #EUÁG#EUÁG#EUÁG#EUÁG     &íCdM[Q &íCdM[Q &íCdM[Q &íCdM[Q 4ü 6'4ü 6'4ü 6'4ü 6'    C4G]4C4G]4C4G]4C4G]4     

4È]N íD[G 9O (± 30 å@']) - 

êN[\o 9O \T4OB W"Od5B, \G\ë9C %4_\C 3O %4[O \6MKç@ .">]G[ 

%T̀\Ç Nh;G[ I_BÁ Ku-K¾@ 4� L]CO ($I\Q"4 3O @[(G\Q"4) ­^GdKQ LO 3O .G[Qf6 \íT\9"6 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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>Ä["WID@O K¾@-\TíC[O 9O (10 Wd 100 MHz) .G[Qf6 IF åJç>O K¾4 

(ÙI[EG U\F 9O (3 dB C4) Mç>]Ih>Á .ãIQ]J[NO (MPA) 

    

6666.... 9Ĝi\CN["9Ĝi\CN["9Ĝi\CN["9Ĝi\CN["    
GãN G]CL[O M», T["\:C #EUÁG #B[Q] #[o 4OGd 4� \Q. 4' (IC�D 4h ÎG# $\L4\çIC 4OGd 4ü %TëN4C[ 
Xe| TCÁM[G C4G]4 4� W[D, &W %TëN4C[ 4h 4W: (IC"T #EUÁG M[G4D 4� W[D >Äd@-0J 4ü ;eOC Xe| NX 
GãN G]CL[O .4 I[O"IåO4 G]CL[O 4ü ĈQG[ M» WM' (I-$G^4�\QC #EUÁG Ed W4C[ Xe| &W4� $Q[T[, 0GKh@Á 
åO4f\ÝvÌN^OdKQ å@\;>Q X[@ÁTdNO, ­^GdKQ (ÙI[EG åJç>O 3O RF \Wí>M 0G \9I (SoC) 4ü #iah\6å4ND M» 
\T4[W 4� W[D íT]4[NÁ G]CL[O 2êNM[G 3O U\F 4� L]CO GãNC[ 4� (g íCO X[\WQ å4. ;[ W4Cd X¾|  

7777.... \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
W"9[O G]CL[O M» GãNC[ 3O #B[Q] 4� #EUÁG 4ü %TëN4C[2" 4ü M[T[ 4[ &W IT M» TBÁG å4N[ 6N[ Xe| 
$Q6-$Q6 GãNC[ íCO 4h IåOL[\VC å4N[ 6N[ Xe 3O GãNC[ 4ü KuC] íCO 4� W[D 2êNM[G M» T̀\; 4h 
íD[\IC å4N[ 6N[ Xe| IN[Áo GãNC[ 4� W[D MÜNM ;å>QC[ T[Qd Eh-9eGQ Ku-K¾@ GãN G]CL[O 4[ $\L4çI 

#E[G å4N[ 6N[ Xe| &W COX 4[ .4 G]CL[O, ;h W"9[O (I'XD IO .4 IO[OhX] 4� eI M» O5[ ;[ W4C[ Xe, 
T[\B\ÑN4 3O W[M[\;4 $G^#Nh6D 4� \Q. M["6 IO ÈMC[ #E[G4O W4C[ Xe|  

%L[O%L[O%L[O%L[O    

Qd54, &W ÈdT M» 4[NÁ 4OGd 4[ $TWO 3O #hÙW[XG #E[G 4OGd 4� \Q. @f. .W. W]. KdO[, #F[G, 

.W..G..W.'.@]., Å] W^åMCdU WO4[O, WM_X \GEdU4, .W..G..W.%'.W].;]., Å] @].4�.E[W, WX \GEdU4, 

.W..G.I]... .T" Å] CIG åMÅ[, \GEdU4, $"CåOÈ (INh6 412 (&WOh), $XME[K[E 4� %L[O] X¾| Qd54, åX"E] 
\TL[6 4� 4åMÁND 4� #\C L] %L[O #4> 4OCd X¾|  

W"ELÁW"ELÁW"ELÁW"ELÁ    
[1] ;]. T]TO, ;]. DfMW, ;]. 4hK, 3O %'. MfåOW, “.;[&Q .4(&IM»> JfO $@T["W@ Ku/Ka Wd>dQ['>, ” 

24th AIAA ICSSC, WeG å@.6h, USA, pp.11–14, 2006 

[2] @áçN^. .Q. Md\G"6O, .G. %O. Of\K"W, @]. %O. å@Kj. 3O @]. '. Qd\TW, "IfTO ¥�\ÊWKQ Ka-K¾@ >ÄdTd\Q"6 TdT 
­^K .ãIQ]J[NO $I >_ 250W RF JfO íIdW .¤]4�UG", Electron Devices, IEEE Trans on, Vol 54, No. 

2, 2007 

[3] I]. }�O]4hÔW, .. MD4, 3O .9. <h(, "/Od J�@ åO4[GåJÌN^OdKQ åOJQdÊ>O JfO íIdWC[à> \Wí>ãW” 
Electronics Letters, Volume 30, No. 8, 1994 

 

*** 
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT 

GPGPU GPGPU GPGPU GPGPU IO %F[åOC W"ëQdV] O[O4 O@[OIO %F[åOC W"ëQdV] O[O4 O@[OIO %F[åOC W"ëQdV] O[O4 O@[OIO %F[åOC W"ëQdV] O[O4 O@[O    #CM4#CM4#CM4#CM4    ((((SAR Processor)SAR Processor)SAR Processor)SAR Processor)    

\UT[G] L[6ÁT, $\LVd4 4WG[Q, åOCdU UM[Á, K]  .WOTG[4WM[O ,  

W";N .M. \TTdE] .T" .G ..M .EdW['  

.M.W@]I]@] /.M.W@];]/.M%O.W. ,$"CåOÈ (INh6 412 )We4(  

L[OC]N $"CåOÈ $G^W"F[G W"6?G ( &WOh( , $XME[K[E 

&MdQ# shivani@sac.isro.gov.in, nmdesai@sac.isro.gov.in 

#M^#M^#M^#M^5 UáE#5 UáE#5 UáE#5 UáE#: GPGPU (General Purpose Computing on Graphics Processor Unit), Stripmap, CUDA, 

FPGA, HPC, W"ëQdV] O[O4 O@[O (Synthetic Aperture RADAR, SAR)  

W[O["U#W[O["U#W[O["U#W[O["U#    %"4tD 4ü \TU[Q M[T[, $ÙN[\F4 6BG ÈMC[ .T" 4å?G \GN"TB 4ü %TëN4C[, SAR %"4t[ 
W"W[FG 4ü \T\U`C[ Xe| $IGd W_÷M CO"6 W^E_O W"TdEG 4[NÁCM (MRSP) 4� $"C6ÁC &WOh Eh C-K¾@ #\C\K"KG 
SAR C"TD 4[ WJQC[I_TÁ4 \T4[W .T" #9[QG4O 9̂4[ Xe CD[ L[T] SAR åMUG, ;eWd å4 .ÊW  -K¾@ DMSAR, 

.ÊW -K¾@ MiniSAR, L&S .NOKhGÁ SAR, %åE 4� $\L4çI .T" \T4[W 4[ 4[NÁ .M%O.W. /We4 M» U^e å4N[, 
;[ 9̂4[ Xe| &G åMUGD 4ü @d>[ EO», TCÁM[G M» IåO9[\QC SAR åMUGD 4ü ĈQG[ M» $\F4 XD6] 3O &W\Q. &G 
åMUGD 4ü T[íC\T4 4[Q M» #W"í4OB %TëN4C[2" 4h I_O[ 4OGd 4� \Q. 3O $\F4 U\FU[Q] MU]GD 4ü 
%TëN4C[ Xh6]| Graphics Processor Unit (GPGPU) .4 GT]GCM C4G]4 Xe, \;W4[ (ªdëN /W] 
WMíN[2" 4[ WM[F[G 4OG[ Xe, \;GM» Ktd @d>[ We> .T" ;å>Q .ç6håOEM U[åMQ X¾ 3O \;ÝXd! Ktd IeM[Gd IO 
$\L4QG 4ü %TëN4C[ Xe|     

1111.... #íC[TG[##íC[TG[##íC[TG[##íC[TG[#    
&WOh/L[OC WGj 1985 Wd $IGd W_÷M CO"6 W^E_O W"TdEG 4[NÁCM (.M%O.WI]) 4� $"C6ÁC SAR #iah\64ü 4� ÈdT 
M» 4[NÁOC Xe| &G TVµ 4� EiO[G &WOh Eh C-K¾@ #\C\K"KG SAR C"TD 4[ WJQC[I_TÁ4 \T4[W .T" #9[QG4O 9̂4[ 
Xe| &G C"TD M» Wd .4 T[N^TCú %IE[ #K"FG SAR (DMSAR) Xe| TCÁM[G WMN M» DMSAR Beechraft B-200 

T[N^N[G IO %OhåXC Xe| CÊIO["C &W4h Jet Class T[N^N[G O[O[ TXG å4N[ ;[.6[ .T" Ktd ÈdT (50-75 å4M]) M» 
È\C IåOM[B 4[ $G^M[G Q6[Gd XdĈ &W4[ (INh6 å4N[ ;[.6[| DMSAR 4[ (INh6 K[u ;eW] #[4_\C4 \TIE[ 
4� WMN O[XC 4[Nµ 4ü WJQC[ 4[ M_çN["4G 4OGd 4� \Q. L] å4N[ ;[.6[| 26 $#eQ, 2012 4h L[OC 4� IXQd 
$"CåOÈ T[åXC K�-\TF[ SAR $\LN[G O]We>-1 4[ WJQ #Mh9G å4N[ 6N[| &G SAR $\LN[GD 4� \Q. 
WTÁ#M̂5 3O MXÙTI_BÁ %TëN4C[2" M» Wd .4 SAR \9TD 4[ T[íC\T4 N[ \G4> T[íC\T4 4[Q M», K�C 4M 
W"W[FG $T\F 4� W[D, ;GG .T" (IQáFC[ (generation and availability) Xe| 9_"å4 %"4tD 4ü \TU[Q M[T[, 
$ÙN[\F4 6BG ÈMC[ .T" 4å?G \GN"TB 4ü %TëN4C[, SAR %"4t[ W"W[FG 4ü \T\U`C[ Xe, $C# 
0JQ[&G SAR %"4t[ (ÙI[E (ÙI> 4OGd XdĈ Wfà>TdNO %F[åOC IåOU^;C[ W"W[\FT 4h $\F6BG N"T U\F 
4ü %TëN4C[ Xh6] CD[ (W4ü W"W[FG $T\F L] $ÙN\F4 Xh6]| &W4[OB SAR W"TdE4 4ü L[T] (INh\6C[ 
4M Xh W4C] Xe|  

TCÁM[G M», å@\;>Q \W�Q #hWdWO (DSP) IO %F[åOC X[@ÁTdNO C]n tëN W"W[\FT (HWQLP) 3O \G4> 
T[íC\T4 4[Q SAR W"W[\FT (NRTP) 4[ NRSC, Shadnagar M» RISAT-1 L_ C"T 4� .4 7>4 4� eI M» 
#9[QG å4N[ ;[ OX[ Xe| L[T] SAR åMUG, ;eWd å4 .ÊW-K¾@ DMSAR, .ÊW-K¾@ MiniSAR, L&S .NOKhGÁ 
SAR, %åE 4� $\L4çI .T" \T4[W 4[ 4[NÁ .M%O.W./We4/&WOh M» Ûe å4N[ 6N[ Xe| &G åMUGD 4ü @d>[ EO», 
TCÁM[G M» IåO9[\QC SAR åMUGD 4ü ĈQG[ M» $\F4 XD6] 3O &W\Q. &G åMUGD 4ü T[íC\T4 4[Q M» 
#W"í4OB %TëN4C[2" 4h I_O[ 4OGd 4� \Q. 3O $\F4 U\FU[Q] MU]GD 4ü %TëN4C[ Xh6]|  

2222.... (g #EUÁG 4�ßN_å>"6(g #EUÁG 4�ßN_å>"6(g #EUÁG 4�ßN_å>"6(g #EUÁG 4�ßN_å>"6    ((((HPCHPCHPCHPC)))), , , , GPGPU GPGPU GPGPU GPGPU 3O 3O 3O 3O CUDA CUDA CUDA CUDA 4[ $TQh4G4[ $TQh4G4[ $TQh4G4[ $TQh4G    

#hWdWO #iah\64ü 3O íM̀\C 4� Cd;] Wd \T4[W Gd G[>4üN eI Wd %F̂\G4 4�ßN_å>"6 #B[\QND 4ü 4�ßN_å>"6 U\F 
4[ W"T;ÁG å4N[ Xe| X[@ÁTdNO M» \T4[W 4� $Q[T[, Wfà>TdNO (ah6 M» L] X[@ÁTdNO 4� $\F4CM (INh6 4� \Q. 
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#h'[åM"6 C4G]4D 3O parallelization WMDÁG 4� W"ELÁ M» C["\C4[O] IåOTCÁG %N[ Xe| /W] %TëN4C[2" 4h 
I_BÁ 4OGd 4ü ÈMC[ T[Qd \G4[ND 4h W^IO 4ãßN_>O N[ (g #EUÁG MU]G 4X[ ;[C[ Xe| (g #EUÁG 4�ßN_å>"6 
(.9I]W]) (>C #Nh6 4[NÁCMD (advanced application programs ) 4h 4WUQC[, \íDOC[ .T" U]ëC[ Wd 
9Q[Gd 4� \Q. WM[G["CO W"W[FG 4[ (INh6 Xe|  

GPU .4 \T\U` number crunching MU]G N[ .4 TdÊ>O #hWd\W"6 N_\G> Xe| &W4� %å4·>dÊ9O M» M̂ËN eI Wd 
Kt] W"ËN[ M» 4hO X¾, \;G4[ å@s[&G $"46\BC]N, C[å4·4 3O ¥hå>"6 ßT[&"> #9[QG (operations) 4� \Q. 
å4N[ 6N[ Xe| .4 GPU 4ü ND[DÁ U\F (W4� WM[G["CO (pipelined) %å4·>dÊ9O 4� I_BÁ (INh6 M» \GåXC Xe| /W[ 
.4 í4�QdKQ #h'[åM"6 Mf@Q 4� M[ÜNM Wd 4OG[ W"LT Xe, ;hå4 $\L4QG 4[Nµ (computation tasks) 4h 
X[@ÁTdNO \TUdVC[2" 4� $G^W[O \TCåOC 4Od| '[\v4 #hWd\W"6 N_\G> IO W[M[ÝN #Nh;G 4�ßN_å>"6, General 

Purpose Computing on Graphics Processor Unit (GPGPU) .4 GT]GCM C4G]4 Xe, \;W4[ (ªdëN 
/W] WMíN[2" 4[ WM[F[G 4OG[ Xe, \;GM» Ktd @d>[ We> .T" ;å>Q .ç6håOEM U[åMQ X¾ 3O \;ÝXd! Ktd IeM[Gd IO 
$\L4QG 4ü %TëN4C[ Xe| GPGPU C4G]4 .4 \TVM WX-#W"í4OB 4�ßN_å>"6 Mf@Q M» .4 W]I]N_ 3O .4 
GPU 4[ .4 W[D (INh6 4OC] Xe| #Nh6 (application) 4[ $G^CåM4 (sequential) åXíW[ CPU IO 9QC[ Xe 
3O WT[Á\F4 $\L4QG- 6XG (computation intensive) åXíW[ GPU O[O[ ÙTåOC å4N[ ;[C[ Xe|  $G^#Nh6 
(application) Cd;] Wd 9QC[ Xe ÊNDå4 NX #EUÁG (performanceperformance) 4h Ku[T[ EdGd 4� \Q. (g 
#EUÁG GPU 4[ (INh64O OX[ Xe| GPU, \;WM» .4 W[D W"9[\QC We4tD #hWdWO 4hO X¾, 4� WM[G["CO 
%å4·>dÊ9O 4[ Q[L GPGPU QdC[ Xe| #h'[åM"6 Mf@Q M», $G^#Nh6 @dTQIO (G4� $G^#Nh6 4h &W #4[O 
W"Uh\FC4O W4Cd X¾ å4 (G4� 4[NÁCMD 4[ 6BG[-6XG T6Á GPU IO MeI4O åEN[ ;[.| $G^#Nh6 4[ K[4ü 
åXíW[ CPU IO KG[ OXd6[| å4W] #4[NÁ (function) 4h GPU IO MeI 4OGd M», #4[NÁ (function) 4h &W COX 
G. \WOd Wd \Q5G[ U[åMQ Xe, C[å4 #4[NÁ 4[ WM[G["CO eI \TíC̀C (expose the parallelism) Xh W4�| &W4� 
$Q[T[, GPU .T" CPU 4� K]9 @d>[ íD[G["COB XdĈ C 5h;UáE (keyword) L] W\ãM\QC 4OGd XD6d| @dTQIO 4[ 
E[\NÙT WXçD threads 4h .4 W[D U^e 4OG[ Xe| GPU X[@ÁTdNO threads 4[ #K"FG (management) 3O 
WMNK;G (scheduling) 4OC[ Xe|  

GPU 4ü #W"í4OB ÈMC[." \I:Qd .4 EU4 M» 4[Jü Cd;] Wd Ku 6' Xe| 4' TVµ Wd @dTQIO GPU 4h #h'[M 
4OGd XdĈ Cg, GLSL 3O HLSL ;eW] L[V[2" 4[ (INh6 å4N[, Qdå4G /W[ 4OGd 4� \Q. GPU 4� X[@ÁTdNO .T" 
$G^#Nh6 #h'[åM"6 &">Ov�W (API) 4[ (g É[G XhG[ %N[ëN4 D[| Nvidia Gd GPGPU M» �\9 O5Gd T[Qd 
@dTQIWÁ 4� \Q. Compute Unified Device Architecture (CUDA) G[M4 .4 Software Development Kit 

(SDK) ;[O] å4N[ Xe| &W å4> M» multithreaded code 4� #K"FG, X[@ÁTdNO 4� \Q. drivers, .T" C ;eW] (g 
íCO L[V[2" 4� \Q. support #E[G å4N[ 6N[ Xe| &W å4> 4� U^L[O"L Gd GPU 4ãÎå>"6 4h TeÉ[\G4 WM̂E[N 4� 
\Q. .4 3O $\F4 W^QL W^\TF[ KG[ åEN[ 3O $"CC# GPGPU .4 êN[I4 eI Wd íT]4_C $TF[OB[ KG[Gd M» 
MEE 4ü|     

3333.... GPGPU GPGPU GPGPU GPGPU IOIOIOIO    %F[åOC%F[åOC%F[åOC%F[åOC    W"ëQdV]W"ëQdV]W"ëQdV]W"ëQdV]    O[O4O[O4O[O4O[O4    O@[OO@[OO@[OO@[O    ((((SARSARSARSAR))))    #hWdWO#hWdWO#hWdWO#hWdWO    

GPGPU IO %F[åOC W"ëQdV] O[O4 O@[O (SAR) #hWdWO 4[ M̂ËN #hWd\W"6 CÙT Kepler K10/K20/K20X 

GPGPU #hWdWO Xe| SAR #hWdWO \TÝN[W M» \GãG\Q\5C 7>4 U[åMQ XD6d: 

• .4 1U N[ 2U Oe4 mountable Xeon #hWdWO %F[åOC WTÁO  
• .4 N[ Eh GPGPU #hWdWO 

• .4 I/O 4[@Á 

I/O 4[@Á PCIe IO %F[åOC Serial FPDP (SFPDP) $DT[ parallel LVDS Mfø_Q Xe \;WM» .4 Xilinx 

Virtex-5/6/7 FPGA 4[ WM[TdU Xh6[| L_ C"T 4� Front End Harware WX&4[' O[O[ #[o &ÝÎ> @d>[ I/O 4[@Á 
4h Ld;[ ;[.6[| I/O 4[@Á IO Mi;_E FPGA #[o &ÝÎ> @d>[ IO $Id\ÈC @d>[ de-formatting 4Od6[ .T" I_TÁ 
#W"í4_C @d>[ (pre-processed data) 4h GPGPU 4ü K[� íM̀\C (external memory) 4h W]Fd N[ Xhí> 4� 
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M[ÜNM Wd $"COB (transfer) 4Od6[| CÙIë9[C, WL] SAR #W"í4OB 4[NÁ GPGPU O[O[ I_BÁ å4. ;[N»6d|  &W 
å@;[&G 4ü #M̂5 9̂Gi\CN[! I/O 4[@Á 4� M[ÜNM Wd front end data I/O interface 4[ 4[N[ÁÝTNG, #hWd\W"6 
CÙTD C4 @[>[ eå>"6 %åE X¾| C[\Q4[-1 M» GPGPU IO %F[åOC W"W[FG #B[Q] 4� \T\GE¼U åE5[. 6. X¾| \9T-
1 M» GPGPU IO %F[åOC W"W[FG #B[Q] 4[ %å4·>dÊ9O EU[ÁN[ 6N[ Xe|  

IeO[M]>OIeO[M]>OIeO[M]>OIeO[M]>O    \T\U`C[\T\U`C[\T\U`C[\T\U`C[    

#hWdWO Tesla K20X N[ (gCO 

GPUs 4ü W"ËN[ 1 N[ $\F4 

CUDA 4hO / GPU 4ü W"ËN[ 2688 

Peak Throughput  1.31 Teraflops (Double-precision) 

3.95 Teraflops (Single-Precision) 

íM̀\C %4[O #\C Kh@Á (Memory Size per board)  6 GB 

íM̀\C KW K¾@\TÖD (Memory Bus bandwidth) 250 GBytes/sec 

Xhí> 4�ßN_>O 3O X[(\W"6 • GPGPU %F[åOC #B[Q] 4� \Q. .4 2U Oe4 
mountable WTÁO %F[åOC \TÝN[W 

• CPU \TÝN[W 

o #hWdWO: &">dQ (R) Xeon W]I]N_ 8 4hO 

o }f4 EO : 2.93GHz 

o íM̀\C: 24 GB RAM 

T;G .T" U\F 25 å4'[ . ,1 8 00 T[ÔW, \GTdU %I_\CÁ: 230V AC 

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----1111: : : : GPGPU IO %F[åOC W"W[FG #IO %F[åOC W"W[FG #IO %F[åOC W"W[FG #IO %F[åOC W"W[FG #B[Q] 4� \T\GE¼UB[Q] 4� \T\GE¼UB[Q] 4� \T\GE¼UB[Q] 4� \T\GE¼U 

 

\9T\9T\9T\9T----1111: : : : GPGPU IO %F[åOC W"W[FG #B[Q] 4[ %å4·>dÊ9OIO %F[åOC W"W[FG #B[Q] 4[ %å4·>dÊ9OIO %F[åOC W"W[FG #B[Q] 4[ %å4·>dÊ9OIO %F[åOC W"W[FG #B[Q] 4[ %å4·>dÊ9O 

1U WTÁO %F[åOC \Wí>M GPGPU 4� WJQ 4[N[ÁÝTNG 3O #EUÁG 4� Ië9[Cj, .4 $\F4 ruggedized 3O 
Q7̂4_C (.4 3/4 N[ Full ATR Mfø_Q IO) #hWd\W"6 \Wí>M 4[ VPX M"9 IO \GM[ÁB å4N[ ;[.6[| &WM» 3U 

Intel Xeon/Core-i7 IO %F[åOC SBC (.4Q Kh@Á 4�ßN_>O) 4� W[D W[D Eh GPGPU 4[@Á 4[ WM[TdU Xh6[| 
N^6IC å@\;>Q \Wí>M Wd @d>[ åOWdßUG XdĈ #Nh6 å4N[ ;[Gd T[Q[ I/O 4[@Á SBC IO %OhåXC .4 XMC Mfø_Q 
Xh6[| 1U N[ 2U WTÁO %F[åOC GPGPU 4[ L] I_BÁ IåOU^;C[ \9T (full precision images) 4[ ;GG 4OGd 4� 
\Q. .4 L_ %F[åOC #hWdWO 4� eI M» (INh6 å4N[ ;[.6[| \9T-2 M» WTÁO %F[åOC GPGPU #B[Q] .T" (W4� 
ruggedized 3O Q7̂4_C W"í4OB 4ü (E[XOB CíT]O» EU[ÁN] 6' X¾|  
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\9T\9T\9T\9T----3333:  QLP/NRTP SAR W"W[FG 4QG \T\FW"W[FG 4QG \T\FW"W[FG 4QG \T\FW"W[FG 4QG \T\F    \TÝN[W\TÝN[W\TÝN[W\TÝN[W 

 

\9T\9T\9T\9T----2222:::: WTÁO %F[åOC WTÁO %F[åOC WTÁO %F[åOC WTÁO %F[åOC GPGPU #B[Q] .T" (W4� #B[Q] .T" (W4� #B[Q] .T" (W4� #B[Q] .T" (W4� ruggedized 3O Q74̂_C W"í4OB3O Q74̂_C W"í4OB3O Q74̂_C W"í4OB3O Q74̂_C W"í4OB 

4444.... Quick Look /Near Real TimeQuick Look /Near Real TimeQuick Look /Near Real TimeQuick Look /Near Real Time    ((((QLP/NRTP) SAR QLP/NRTP) SAR QLP/NRTP) SAR QLP/NRTP) SAR 

W"W[FG 4QG \T\FW"W[FG 4QG \T\FW"W[FG 4QG \T\FW"W[FG 4QG \T\F    ((((Processing Algorithm)Processing Algorithm)Processing Algorithm)Processing Algorithm)    

\9T  -3  M» QLP/NRTP 4[ 4QG \T\F \TÝN[W EU[ÁN[ 6N[ Xe| 
QLP/NRTP C"T O[O[ å4. ;[Gd T[Qd #M̂5 4[NÁ \GãG\Q\5C Xe# 

• IO[W W"I]@G (Range Compression) 

• IO[W W"I]å@C %"4tD 4[ 4[GÁO Mhå@N (Corner 

Turning) 

• IO[W WdQ $\L6MG W"U^\; (RCMC) 

• åE6"U W"I]@G (Azimuth Compression) 

• W"W_94 (Detection) .T" \CNÁ4 IO[W 4[ L_IO[W 
M» eI["COB (Geometric Correction) 

• \Tå4OBåMC]N W"UhFG (Radiometric 

Correction)  
• íTJh4W, @fIQO 4124 \GF[ÁOB .T" \T6"U $íI`C[ 

ÌD¦OB 

• C]n tëN #EUÁG, å>ßIB WåXC W"W[\FT \9T 4[ (IN^F 
JfM¼> M» $\LQd5G 4OGd 4[ #K"F    

\9T  -3  4h Ed54O NX $G^M[G 
Q6[N[ ;[ W4C[ Xe å4 NRTP XdĈ 
W"W[FG 4� 9OB QLP 4ü ĈQG[ M» 4M 
X¾| &W4[ 4[OB NX Xe å4 NRTP 4h 
(g IåOU^;C[ T[Qd \9T 4[ ;GG 4OG[ XhC[ Xe| IO[W .T" åE6"U 
W"W[\FT, IO[W-@fIQO (Range Doppler) $DT[ SPECAN 

.ç6håOÚM IO %F[åOC (IN^F %T̀\Ç ÈdT W^Md\QC åJç>O (frequency 

domain match filter) .ç6håOÚM 4[ \CN[ÝTNG 4OCd X¾| åE6"U 
W"W[\FÇ (azimuth processed) .T" 
W"W_\9C (detected) \9T 4h 
CÊIO["C ÑN[åMC]N (geometric) 

(कककक) ) ) ) 1U / 2U सव8र आधा�रत सव8र आधा�रत सव8र आधा�रत सव8र आधा�रत GPGPU 

(खखखख) ) ) ) VPX आधा�रत आधा�रत आधा�रत आधा�रत GPGPU काड8काड8काड8काड8 

(गगगग) ) ) ) बीहड़ बीहड़ बीहड़ बीहड़ ((((rugged) ) ) ) ATR    चिेसस पर चिेसस पर चिेसस पर चिेसस पर GPGPU QणालीQणालीQणालीQणाली 
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.T" \Tå4OBåMC]N W"UhFG (radiometric correction), %"4t[ WMG (data deskewing) .T" #\C9NG 

(resampling) XdĈ Ië9 W"W[\FT (post processor)4h Ld;[ ;[C[ Xe| $"\CM W"W[\FT \9T 4h \9T["U JfM¼> M» 
MfG]>O íCüG IO #E\UÁC å4N[ ;[C[ Xe| MfG]>O IO #E\UÁC \9T 4[ $\LQd5G 4ãßN_>O IO L] å4N[ ;[C[ Xe|     

5555.... GPGPU GPGPU GPGPU GPGPU IO %F[åOC IO %F[åOC IO %F[åOC IO %F[åOC SAR SAR SAR SAR #hWdWO#hWdWO#hWdWO#hWdWO    4[ #[O"\L4 \T4[W4[ #[O"\L4 \T4[W4[ #[O"\L4 \T4[W4[ #[O"\L4 \T4[W    .T" #[o IåOB[M.T" #[o IåOB[M.T" #[o IåOB[M.T" #[o IåOB[M    ((((Initial Development and Initial Development and Initial Development and Initial Development and 

Achieved Results)Achieved Results)Achieved Results)Achieved Results)    

W[O \9TD 4[ T[íC\T4/ \G4>-T[íC\T4 4[Q M» ;GG 4OGd XdĈ BDH data deformatting, Block Adaptive 

Quantization (BAQ) decoding, Two-dimensional matched filtering, motion compensation, post 

detection, %åE %TëN4 4[Nµ 4h 4gd %"4tD IO, %"4td $\L'XB 4� WMN T[íC\T4 4[Q .T" ÎGÁÅTB 4� 
WMN \G4> Q[íC\T4 4[Q M» 4OG[ XhC[ Xe| GPGPU IO %F[åOC SAR #hWdWO 4� $\L4çI .T" \T4[W 4� 
#DM 9OB M» .4 K[� åO4f@ÁO O[O[ RISAT-1/DMSAR 4[ @d>[ Virtex-7 IO %F[åOC I/O 4[@Á 4h Ld;[ 
;[.6[| NX 4[@Á PCIe &">OJ�W O[O[ @d>[ Xhí> 4�ßN_>O 4h Ld;d6[| Xhí> 4�ßN_>O &W @d>[ 4h GPU M» \TCåOC 
4O4�, W"W[\FC @d>[ GPU Wd T[\IW Qd6[ .T" SAR \9T 4h #E\UÁC 4Od6[| \9T-4 M» GPGPU IO %F[åOC SAR 

#hWdWO 4[ QeK-êNTíD[IG (Lab Setup) EU[ÁN[ 6N[ Xe| \9T-5 M» GPGPU O[O[ W"W[\FC RISAT-1 4[ 
Stripmap \TF[ 4[ \9T EU[ÁN[ 6N[ Xe|  

  
\9T\9T\9T\9T----4444:::: GPGPU IO %F[åOCIO %F[åOCIO %F[åOCIO %F[åOC    SAR #hWdWO#hWdWO#hWdWO#hWdWO    4[ QeK4[ QeK4[ QeK4[ QeK----êNTíD[IGêNTíD[IGêNTíD[IGêNTíD[IG    ((((Lab Setup)))) 

    

\9T\9T\9T\9T----5555:::: GPGPU    O[O[ O[O[ O[O[ O[O[ W"W[\FC W"W[\FC W"W[\FC W"W[\FC RISAT-14[ \9T 4[ \9T 4[ \9T 4[ \9T  

RISAT-1 Stripmap �वधा �वधा �वधा �वधा : 

Raw डटेा आकार डटेा आकार डटेा आकार डटेा आकार  : 16K(Azi) 

x 12K(Range) 

संसाधन समय संसाधन समय संसाधन समय संसाधन समय  : ~2.0 secs  
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6. \G\G\G\Gì4VÁì4VÁì4VÁì4VÁ     
GPGPU IO %F[åOC W"ëQdV] O[O4 O@[O #CM4 (SAR Processor) 4[ $\L4çI .T" \T4[W &WOh 4� L[T] 
$"CåOÈT[X] .T" T[N^TCú SAR åMUGD 4� \Q. $ÙN"C (INh6] W[\KC Xh6[| T[N^TCú SAR åMUGD 4� \Q. &W4[ 
\T4[W onboard QLP .T" on ground NRTP &4[' 4� eI M» å4N[ ;[.6[| $\F4 U\F .T" T;G (high 

power and weight) XhGd 4� 4[OB, $"CåOÈT[X] SAR åMUGD 4� \Q. &W4[ \T4[W on ground QLP/NRTP 
&4[' 4� eI M» å4N[ ;[.6[|     

7777.... %L[O%L[O%L[O%L[O    

Qd546B GPGPU IO %F[åOC W"ëQdV] O[O4 O@[O #CM4 (SAR Processor) W"K"\FC \T4[W 6\C\T\FND 4� 
\Q. Å] CIG åMÅ[, \GEdU4, We4 OO[ åE. 6. #hÙW[XG T M[6ÁEUÁG 4� \Q. (G4� K�C %L[O] X¾| XM TåO� åX"E] 
$\F4[O] CD[ åX"E] 4È 4� WL] WX4åMÁND 4[ %L[O #4> 4OCd X¾ \;ÝXDGd &W IT 4[ >"4B 4OGd M» WXNh6 
#E[G å4N[| $"CC: XM MSDG/MRSA 4� WL] 4åMÁND, We4/&WOh .T" &WOh 4� $ÝN 412D 4� TeÉ[\G4D, 
$\LN"C[2" T WX4åMÁND, ;hå4 SAR W"K"\FC 6\C\T\FND M» WQ"� Xe, 4� #\C %L[O #4> 4OCd X¾|  

8888.... W"ELÁW"ELÁW"ELÁW"ELÁ        
(4) We4/&WOh %"CåO4 åOIh>Á, ;GTO] 2013| åMG]W[O .ÊW-K¾@ /NOK®GÁ W[O- BDR EíC[Td;|  
(5) We4/&WOh %"CåO4 åOIh>Á, M[9Á 2015| RISAT-2A BDR EíC[Td;|  
 

*** 
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT 

44440000    Tf>Tf>Tf>Tf>    .Q K¾@ (g U\ÊÇ #TFÁ4.Q K¾@ (g U\ÊÇ #TFÁ4.Q K¾@ (g U\ÊÇ #TFÁ4.Q K¾@ (g U\ÊÇ #TFÁ4    

#BT #4[U \W"X T íT[\C ;NíT[Q#BT #4[U \W"X T íT[\C ;NíT[Q#BT #4[U \W"X T íT[\C ;NíT[Q#BT #4[U \W"X T íT[\C ;NíT[Q, , , , TeÉ[\G4TeÉ[\G4TeÉ[\G4TeÉ[\G4/ / / / $\LN"C[ $\LN"C[ $\LN"C[ $\LN"C[ ––––    ““““.W '.W '.W '.W '””””    
.\ã¤J[.O #L[6.\ã¤J[.O #L[6.\ã¤J[.O #L[6.\ã¤J[.O #L[6, , , , %OJ.W;]%OJ.W;]%OJ.W;]%OJ.W;], , , , .WNGI]..WNGI]..WNGI]..WNGI].    

W[O["U#W[O["U#W[O["U#W[O["U#    
40 Tf> .Q K¾@ (g U\ÊÇ #TFÁ4 66G \G\CL[O 4� \Q. IXQ] K[O $"CåOÈ (INh6 412, $XME[K[E M» å@;['G 
3O @dTQIM»> å4N[ 6N[| &W U\ÊÇ #TFÁ4 4ü #TFÁG ÈMC[ 73 @d\WKQ 4ü Xe| &W #TFÁ4 4[ CO"6 #TFÁ4 L[6 
Eh åXWh M» K>[ Xe| 1. $\C\GãG CO"6 #TFÁ4 L[6 2. UFü #TFÁ4 L[6| #DM \TL[6 4ü O9G[ K]JT[N] 193 4� Eh 
íCO]N #T[Ü4® Wd, .Q_åMG[ $TíCO IO KG[N[ 6N[ Xe| &WM» IXQ] K[O í>d> MU]G %F[åOC #h'[åM"6 4[ 
&íCdM[Q4O 4� #TFÁG 3O U\ÊÇ 4[ \GNT"B å4N[ 6N[ Xe| Ê\CN \TL[6 N^@[NGf 4� U\ÊÇ #TFÁ4h Wd KG[N[ 
6N[ Xe| >Ä["\;í>O 4� 9eGQ 4� C[IM[G 4h 110 å@'] Wd 4M O5Gd 4� \Q. ú["9 Q[&G N^ÌM4 #\CN[ Wd U\ÊÇ 4h 
Eh L[6 M» \TL[\;C4O Eh #TFÁ4h 4h åEN[ ;[C[ Xe| &G4� CO"6 4h ÊK[O[ ú["9 Q[&G N^ÌM4 #\CN[ Wd ;ht4O 
40 T[> 4[ W_÷M CO"6 U\ÊÇ åMQC[ Xe|  

#íC[TG[#íC[TG[#íC[TG[#íC[TG[::::    
(I'X 4[ (INh6 4O4� W"9[QG 3O W>]4 \íD\C \GF[ÁOB 4[ 4[NÁ K�C X] MXÙTÎBÁ Xe| %; 4� EiO M» NX 
XM[O] \;"E6] 4[ $\L> $"6 KG 6N[ Xe| 66G \G\CLO ( ;]\I.W /@d@ \;Nh 36_M»>d@ Gd\T6dWG) 4[ (INh6 
;]\I.W 4� (I'X M"@Q 3O íT \GåMÁC L_\íDO (I'X 4[ &íCdM[Q 4O4� W"9[QG 3O W>]4 \íD\C \GF[ÁOB 4� 
IåOU^;C[ 4h Ku[G[ Xe| 66G .4 $"CO[ Ä̀]N ;eOC Xe| &W4� (INh6 Wd 6 M]>O 4� IåOU^;C[ 4[ CO"6 \TM[G 4h 
åMQ W4C[ Xe| &W4ü (IQáFC[ 99 Wd 99.99% OXC] Xe| 66G \G\CLO M» 40 Tf> .Q K¾@ (g U\ÊÇ #TFÁ4 .4 
$\C%TëN4 (I#B[Q] Xe| NX (I#B[Q] 66G CO"6h 4h ;eO] U\ÊÇ #TFÁ44O .">dG[ 4h EdC[ Xe| ;h .">dG[ Wd 
#W[åOC Xh4O N^;O $\L'[X] 4h #[o XhC[ Xe| NX Qd5 &W U\ÊÇ #TFÁ4 4� O9G[, \T4[W 3O #ÙNÈ]4[OB 4� 
K[Od M» KC[N[ 6N[ Xe|  

IåO9NIåO9NIåO9NIåO9N::::    
NX .4 GN[ å@;[&G å4N[ 6N[ 40 Tf> .Q K¾@ (g U\ÊÇ #TFÁ4 Xe| &W4[ &ÝÎ> $\C\GãG íCO 4[ CO"6 Xe, 
\;W4ü U\ÊÇ 1 Wd 2.5 M[&Ch Tf> XhC] Xe| &W4[ %(>Î> 40 Tf> Wd 45 Tf> XhC[ Xe| &W \G\C L[O 4� #M̂5 
4[NÁ \GãG Xe|  

1. $\C\GãG íCO 4� CO"6 4[ #TFÁG 4OG[|  
2. 66G \G\CL[O 4� #W[åOC CO"6h 4h \GF[ÁåOC U\ÊÇ #E[G 4OG[|  
3. 66G \G\CL[O 4[ #TFÁG ÈMC[ Ku[G[ N[ 4M 4OG[|  
4. -10⁰ å@'] Wd +60 å@'] 4� K]9 <0.40 @d\WKQ 4[ #TFÁG \íDåOC[ O5G[|  
5. C[IM[G 4� W[D (g U\ÊÇ #TFÁ4 4ü EÈC[ 4h \íDO KG[Nd O5G[|  

&W O9G[ M» IXQ] K[O Wfà>TdNO \GN"\TC #å4N[Á 4[ (INh6 #TFÁG M» \GN"\TC È]BC[ Q[Gd 4� å4. å4N[ 6N[ 
Xe| Wfà>TdNO \GN"\TC #å4N[Á 4[ (INh6 #TFÁ4 4� #TFÁG 3O (g U\ÊÇ 4h <0.4 @d\WKQ O5Gd 4� \QN[ å4N[ 
6N[ Xe|  

O9G[O9G[O9G[O9G[::::    
40 Tf> .Q K¾@ (g U\ÊÇ #TFÁ4 #B[Q] 4� #M̂5 ;eOCd \GãG\Q\5C Xe|  

CM W"ËN[ #9[Q (IeO[M]>O) N^\G> TQ^. 

1.  %T̀\ÇI� Md6[ XÔ;Á  1176.45 ± 12, 1575.42 ± 8,  

2.  #TFÁG @d\WKQ 72 - 75 

3.  CO"6 (ÙI[EG U\ÊÇ @] K] .M  ≥ 46 

4.  (g CO"6 W^Od5C[  @] K]  ≤ 0.3 
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5.  È]B4[O] IåOWO  @] K]  1 – 12 
6.  È]B4[O] ND[DÁC[  @] K]  1, 2, 3 Wd 12 C4 K8Cd CM M»|  
7.  È]B4O] $\G\ë9CC[  @] K]  ≤ 0.5 
8.  $"CO[M[@̂QG \T�IB @] K] W]   

9.  -3 @] K]   ≤ -11 

10.  -10 @] K]   ≤ -20 

11.  -17 @] K]   ≤ -30 
12.  &CO %T̀\Ç  @] K] W] ≤ -60 
13.  WT[E] \T�IB   
14.  2 ÝE \T�IB @] K] W] ≤ -40 
15.  3 EÁ \T�IB @] K] W] ≤ -40 
16.  %6C #\C6MG X[\G @] K]  ≤ -17 
17.  \G6ÁMG #\C6MG X[\G @] K]  ≤ -17 
18.  >h>Q J�; \Uà>  å@'] ≤ 17 
19.  @] W] U\ÊÇ 4ü 5IC  T[>  ≤ 140 
20.  C[IM[G IåOWO å@'] -15 Wd -65 ÊN_ M  

-10 Wd -60 NJ M  

&W O9G[ 4h #[eI M» QdG 4� \Q. \GãG\Q\5C #T[F[Á4h 4[ 9N[G å4N[ 6N[|  
1. K] J T[N] 193 

2. & M W] 1112 / 1516 

3. & Q M 1112 / 1516 

 

40 40 40 40 T[> .Q K¾@ (g U\ÊÇ #TFÁ4 4[ 5"@ %Od5T[> .Q K¾@ (g U\ÊÇ #TFÁ4 4[ 5"@ %Od5T[> .Q K¾@ (g U\ÊÇ #TFÁ4 4[ 5"@ %Od5T[> .Q K¾@ (g U\ÊÇ #TFÁ4 4[ 5"@ %Od5    
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अंत�र� उपयोग क� � / �वकास एवं शै��क संचार यूिनट, इसरो, अंत�र� �वभाग, अहमदाबाद  95 

 

-90° 
-0° 

P1 
P2 

D1 D2 

\I&G @[Nh@ \ÈB4[O] 4[ 5"@ %Od5\I&G @[Nh@ \ÈB4[O] 4[ 5"@ %Od5\I&G @[Nh@ \ÈB4[O] 4[ 5"@ %Od5\I&G @[Nh@ \ÈB4[O] 4[ 5"@ %Od5    

W_÷M CO"6h 4� \Q. .Q^åMG[ 4� $êíCO 3O >]MM 10 @̂N_Oh&@ 4[ 9NG å4N[ 6N[| \GN"TB IåOID 4h JN[O-4 
4� M^ç>]Qd.O (6) I]W]K] IO KG[N[ 6N[|   

NX $\LQÈB T[Q[ #TFÁ4 KG[Gd 4� \Q. $\C\GãG íCO \TL[6 4h K]JT[N] 193 4� \GãG íCO #[eI 4h 
.@].W Wfà>TdNO 4[ (INh6 4O4� O9[ 6N[ Xe| NX .4 >̂N_\G6 OåXC O9G[ Xe| &W4[ #TFÁG 36 @]K] Xe| &W] 
\TL[6 M» È]B4[O] T \GN"TB IåOID L] Xe| &W \TL[6 4ü O9G[ 4� $G^W[O #TFÁG 41 @]K] 4[ Xe| \;WM» Wd 5 
@]K] 4h C[IM[G 4� W[D #TFÁG M» XhGd T[Qd KEQ[T 4h \íDO O5Gd 4� \Q. å4N[ ;[C[ Xe|  

(g U\ÊÇ #TFÁ4 \TL[6 4h Eh åXíWh M» O5[ 6N[ Xe| Nd Eh $Q6 \TL[6 Xe| )IO 4[ åXíW[ U_÷M CO"6 IåOID 4� 
\Q. 3O G]9d 4[ åXíW[ @]W] $\LG\C 4� \Q. X¾| $\C\GãG íCO \TL[6 Wd Nd CO"6 4h MÜN U\F #TFÁ4 Wd 
Ku[N[ ;[C[ Xe| NX 4[NÁ &MW] 1112 / 1516 Wd å4N[ ;[C[ Xe| &W4[ %(>Î> 2 Tf> Xe, ;h å4 IfTO \TL[;4 3 
@]K] \îäú]@ Wd \TL[\;C Xh4O 1 – 1 T[> Eh UFü í>d; 4h ;[C[ Xe| &G4� K]9 90⁰ 4[ 4Q[ \TíD[IG XhC[ Xe| 
EhGD U\F #TFÁ4D 4[ %(>Î> 24 T[> XhC[ Xe| &W U\F 4h ÊK[O[ ;h@4O 40 Tf> (46 @]K]M) IfTO åMQC[ Xe|  

4[NÁI;\C4[NÁI;\C4[NÁI;\C4[NÁI;\C::::    
#DM W_÷M CO"6 #TFÁ4 K]JT[N] 193 4� 4[NÁ I;\C &W #4[O Xe| &W4h 4[!MG-.\ãM>O (CE) \TF[ M» KdW 4h 
0.75 Thç> IO $'Ä $\LG\C 4OCd X¾ 3O W"'[X] Wd (ÙW;Á4 4ü F[O[ 14 Ch 22 åMQ] $\ãI$O 4� K]9 \GF[ÁåOC 
4OCd X¾| &W 9OB 4h &W COX $\LG\C 4OCd X¾ 3O %OJ $G^eI 4OCd X¾ 4ü XM» .4 W^Od\5C $G^\CN[ 
(åOíIDWd) åMQd CD[ (g UFü IO NX L[6 M» 0.2 @]K] Wd ÑN[E[ 4hã#dW G Xh|  

 

W_÷M CO"6 #TFÁ4 4[ %Od5W_÷M CO"6 #TFÁ4 4[ %Od5W_÷M CO"6 #TFÁ4 4[ %Od5W_÷M CO"6 #TFÁ4 4[ %Od5    

&W \TL[6 4� O9G[ 4ü M̂ËN 5^\KN[ Xe|  
1. $\F IåO9[QG ÈMC[ ( Over Drive capability) 

2. %6C #\C6MG X[\G ( Input return Loss) 

3. OT M[G ( Noise Figure ) 

4. #TFÁG Od\54C[ (Flatness) 

&W IåOID M» .4 M̂ËN L[6 Xe, Q»6d N^ÌM4 IO %F[åOC IO[TCú \I&G 
@[Nh@ \ÈB4[O] (Reflective PIN Diode Attenuator) Xe|  

;K @[Nh@ 4h $\LG\C GXù EdCd Ch NX 5^Qd IåOID 4� COX 
êNTX[O 4OC[ Xe 3O IåOID M» 4h' L] CO"6 U\F 4[ ÈN 
GXù XhC[ Xe| XM[O] GN] Wfà>TdNO %F[åOC #\CN[ Wd XM K�C $Ï:[ #TFÁG \íDOC[ 3O K]2Nd X[\WQ4O I[ OXd X¾|  
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W_÷M CO"6 #TFÁ4 4[W_÷M CO"6 #TFÁ4 4[W_÷M CO"6 #TFÁ4 4[W_÷M CO"6 #TFÁ4 4[    \9T\9T\9T\9T    

(g U\F #TFÁG åXíWd M» 6d> 4h &W COX K[NW å4N[ Xe å4 RF K"E XhGd IO TX ÝN_GCM F[O[ Qd| &WM» @O¼G 
\TLT &W COX \GFÁåOC 4OCd X¾ 4ü XM» 2 T[> UFü 0.5 @]K] 4hã#dWG IO åMQ ;[.|  

$"\CM U\F #T[FÁG 1.3 @]K] 4hã#dWG IO \GFÁåOC U\F #E[G 4OC[ Xe| (g U\F #TFÁG åXíWd 4h >]M 10 – 
100åMQ ÊOh&@ (Duroid) IO KGN[ 6N[ Xe| &W #hWdW M» #DM K[O \TN[ \:2 4h NhÌNC[ IO]ÈB å4N[ 6N[|  

    

(g (g (g (g U\FU\FU\FU\F    #TFÁ4 4[ %Od5#TFÁ4 4[ %Od5#TFÁ4 4[ %Od5#TFÁ4 4[ %Od5    
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(g (g (g (g U\FU\FU\FU\F    #TFÁ4 4[ \9T#TFÁ4 4[ \9T#TFÁ4 4[ \9T#TFÁ4 4[ \9T 

&W (I#B[Q] 4� \G6ÁMG L[6 4[ M\ç>IeÊUG (Multipaction) \TëQdVB W].W>] 4� I[å>Á4Q $G^4[O] Wd å4N[ 
6N[ 3O 12 @]K] Wd ÑN[E[ 4ü 6̂Ý;[&U (IQáF �'|  

 

 

M\ç>IeÊUGM\ç>IeÊUGM\ç>IeÊUGM\ç>IeÊUG    ((((MultipactionMultipactionMultipactionMultipaction))))    \TëQdVB W].W>] 4� I[å>Á4Q $G4̂[O] 4[ \9T\TëQdVB W].W>] 4� I[å>Á4Q $G4̂[O] 4[ \9T\TëQdVB W].W>] 4� I[å>Á4Q $G4̂[O] 4[ \9T\TëQdVB W].W>] 4� I[å>Á4Q $G4̂[O] 4[ \9T    
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IO]ÈBIO]ÈBIO]ÈBIO]ÈB    Tj M_çN[4GTj M_çN[4GTj M_çN[4GTj M_çN[4G: : : :     
NdQ-1 Tj NdQ- 5 K¾@ 40 T[> .Q K¾@ (g U\F #TFÁ4 4[ \Gì4VÁ K�C X] $Ï:[ Xe| \GãG\Q\5C (W4� IåOB[M 
Xe|  

 

 
Table: - 3 Detail summary 
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M[IG %Qd5 \9TM[IG %Qd5 \9TM[IG %Qd5 \9TM[IG %Qd5 \9T    

(INh\6C[(INh\6C[(INh\6C[(INh\6C[::::    
66G G]CL[O .4 \TëT íCO]N G[6åO4 TeM[\G4 4ü ;eOC Xe| %'W].2 4� WEíN EdUh Gd TeM[\G4 4� \Q. 
;].G.W.W %4td 4h #[DåM4 M[ÜNM 4� eI M» 9̂G[ Xe| &W4� W"4�C (\W�Q) 4[ (INh6 \TM[G 4� åEU[ 
\GE¼UG, $TCOB (Q¾å@"6) 3O (Ù#ëD[G (>d4 0J) M» K�C MXÙTI_BÁ Xe| 40 Tf> .W.WI]Nd &W4� CO"6 4h U\F 
#E[G 4OC[ Xe| &W CO"6 4h $\L'X4O 4� \TM[G $IG] \íD\C 4[ %4QG 4OCd X¾| NX G[6åO4 W^OÈ[ 4� \Q. 
K�C MXÙTI_BÁ Xe|  
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\Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ: : : :     
40 Tf> .Q K¾@ (g U\F #TFÁ4 4[ \TëT M» \WJ· .4 \GM[ÁC[ Xe| &W C4G]4 4h $IGd 6̀X M» \GåMÁC4O XM 
%ÙM\GLÁO �. X¾| .Q Ke@" M» .Q -1 Tj .Q-5 Eh $Q6 $Q6 Ke@" 4� .W.WI]Nd Xe| NhÌNC[ IO]ÈB #[eI 4� W[Od 
IO]ÈB I_BÁ Xh 6. Xe 3O $L] TX %N^ IO]ÈB M» 65 å@'] IO ;QT[NT] 4È M» Xe| 19 -6 -2015 4h (W4� 
1200 7">d I_BÁ Xh 6. X¾| &W4� Eh (t[G #[eI (Mf@Q) >] & ' Wd I[W Xh 6. X¾| KG[Nd 6. .W.WI]Nd 4ü 6̂BT[C[ 
K�C $Ï:] Xe| &W4ü EÈC[ Ku[Gd 3O T;G 4M 4OGd 4� \Q. %6d 4[NÁ å4N[ ;[ W4C[ Xe| &WM» &íCdM[Q 
K]2Nd, #TFÁG #\CI_\CÁ 3O U\F #\CI_\CÁ \GN"TB IåOID \TëTíCO]N C4G]4 Xe|  

%L[O#%L[O#%L[O#%L[O#    

XM Å] @].4�. E[W, (I\GEdU4, .W.GI]., Å] @] 4� \W"X, '^I \GEdU4 %OJ.W;] 3O Å] %O ;d EhV] #F[G, .@] 
4� %L[O] Xe| \;ÝXDGd XM» åX"E] M» 4[NÁ 4OGd 4� \Q. #hÙW[åXC å4N[ 3O C4G]4ü M[6ÁEUÁG åEN[ 3O &W GN] 
C4G]4 4h \T4\WC 4OGd M» XM[O[ MGhKQ KE[Nd O5[|  

W"ELÁW"ELÁW"ELÁW"ELÁ::::    

1. W]@]%O ;]We> -15 

Qd54 IåO9NQd54 IåO9NQd54 IåO9NQd54 IåO9N: : : :     

 #BT #4[U \W"X#BT #4[U \W"X#BT #4[U \W"X#BT #4[U \W"X Gd TVÁ 2000 M» K]%'>], Ê6Á Wd &QdÊ>Äf\G4 .T" W"9[O &";]\GNåO"6 M» 
íC[G4 å4N[| TVÁ 2001 GTãKO M» $"CåOÈ (INh6 412 (&WOh) $XME[K[E M» 4[NÁ #[O"L 
å4N[| &ÝXd $IGd 4[NÁ 4� \Q. TVÁ 2011 M» &WOh >]M .ÊíW�»W $T[@Á Wd CD[ TVÁ 2014 M» 
%' & >] & Q[Q W] TMÁG $T[@Á #E[G å4N[ 6N[|  

 

íT[\C ;NíT[QíT[\C ;NíT[QíT[\C ;NíT[QíT[\C ;NíT[Q Gd TVÁ 1983 &QdÊ>Äf\G4 ."@ Odå@Nh &";]\GNåO"6 M» å@¤hM[ å4N[ 3O TVÁ 
1987 $#eQ M» $"CåOÈ (INh6 412 (&WOh) $XME[K[E M» 4[NÁ #[O"L å4N[| &ÝXhGd 1991 M» 
&QdÊ>Äf\G4 .T" W"9[O &";]\GNåO"6 M» íC[G4 å4N[| $L] NX 40 Tf> .Q K¾@ (g U\ÊÇ 
#TFÁ4 4� \Q. ;]We> -15 M» #h;dÊ> MeGd;O Xe|  

 

  

-&\C- 
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT 

9Ý2N[G9Ý2N[G9Ý2N[G9Ý2N[G----2222    QeÝ@OQeÝ@OQeÝ@OQeÝ@O    4�4�4�4�    \Q. \Q. \Q. \Q. 9Ý2M[ 4� E\ÈB �T̂ IO 9Ý2M[ 4� E\ÈB �T̂ IO 9Ý2M[ 4� E\ÈB �T̂ IO 9Ý2M[ 4� E\ÈB �T̂ IO W"L[W"L[W"L[W"L[\TC $TCOB íDQD \TC $TCOB íDQD \TC $TCOB íDQD \TC $TCOB íDQD 
4ü I4ü I4ü I4ü Iîîîî9[G9[G9[G9[G    .T" $\LQÈBG.T" $\LQÈBG.T" $\LQÈBG.T" $\LQÈBG    

$åMC[L$åMC[L$åMC[L$åMC[L,,,,    4� WÔdU4� WÔdU4� WÔdU4� WÔdU, , , , >] I] Å]\GT[WG .T" K] 6hI[Q \CìG[>] I] Å]\GT[WG .T" K] 6hI[Q \CìG[>] I] Å]\GT[WG .T" K] 6hI[Q \CìG[>] I] Å]\GT[WG .T" K] 6hI[Q \CìG[    ****        

.9 %O @] I] @].9 %O @] I] @].9 %O @] I] @].9 %O @] I] @]    / / / / .W %' I] ..W %' I] ..W %' I] ..W %' I] ., , , , $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 412412412412, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E    

****.G %O .W W].G %O .W W].G %O .W W].G %O .W W], , , , XeEO[K[EXeEO[K[EXeEO[K[EXeEO[K[E    

W[O["UW[O["UW[O["UW[O["U    

9Ý2N[G -2 åMUG 4[ #M̂5 (ªdëN 9Ý2M[ 4ü WCX IO .4 OhTO 4h $TC[O4 4� M[ÜNM Wd G	 $TCOB 4O[G[ 
Xe| 9Ý2N[G -2 $TC[O4 (QeÝ@O) 4h I_BÁ �I Wd íT9[\QC T[íC\T4 4[Q 4� åEU[ \GE¼UD O[O[ 9Ý2 WCX IO 
(C[OGd 4ü Nh;G[ Xe| ;eW[ å4 XM» IC[ Xe å4 9Ý2 WCX C�>OD .T" 9�[GD Wd LO[ �% Xe /W] \íD\C M» $TC[O4 4h 
\KG[ å4W] ;h\5M 4� .4 WÔ\ÈC íDQ IO (C[OG[ .4 9̂GiC] Xe| NX IT 9Ý2M[ 4� E\ÈB �^T IO W^O\ÈC 
$TCOB íDQ 4h Iî9[GGd .T" $\LQÈBG 4� \Q. (INh6 M» Q[Nd ;[Gd T[Qd C4G]4ü 4h #E\UÁC 4OGd 4[ .4 
#N[W Xe|  

W"4�CW"4�CW"4�CW"4�C    UáEUáEUáEUáE: : : : $TC[O4, $"4üN (g[T9 Mf@Q, C�>O, #E]\o, , , , .Q %O 2 W]    

G[M[TQ]G[M[TQ]G[M[TQ]G[M[TQ]: : : :     

.Q %O 2 W] - Q^G[O åO4[ÝWW 0\KÁ>O 4�MO[    

.Q 2 .Q . – Q^G[O 0\KÁ>O Qd;O $\ç>M]>O 

å4 M] - å4Qh M]>O 

M]. - M]>O 

Wd. M]. - W»>] M]>O 

1111.... #íC[TG[#íC[TG[#íC[TG[#íC[TG[    
9Ý2N[G -2 $TC[O4 4h 9Ý2M[ 4� E\ÈB �̂T]N ÈdT M» 85-90 $"U $È["U 4� MÜN G	 $TCOB 4O[Gd 4ü 
Nh;G[ Xe| &W IåONh;G[ 4[ (ªdëN 9Ý2N[G -2 $TC[O4 4h W"4>'íC íD[GD Wd K9[4O G	 $TCOB 4O[Gd 4ü 
C4G]4 4[ #EUÁG 4OG[ Xe| W^O\ÈC $TCOB íDQD 4ü IX9[G å4W] L] $TCOB åMUG 4ü M̂ËN 9̂GiC] XhC] Xe 
.T" &G íDQD 4[ 9̂G[T W[F[OBC# C4G]4ü .T" TeÉ[\G4 4Wi>] 4� %F[O IO å4N[ ;[C[ Xe| .4 COJ ;X[" 
C4G]4ü NhÌNC[ M» W^O\ÈC $TCOB (WÝ4>\TX]G íDQ), íD[G]N 6\CU]QC[ (L_M"@Q]N .T" íD[\G4 A[Q) 3O 
W"9[QG êNTOhF (L_ \2ëNC[ .T" WiO #E]\o, C[IM[G .T" $TCOB N"Th 4ü ND[DÁC[) U[åMQ Xe TXù E_WO] COJ 

TeÉ[\G4 NhÌNC[ M» 9Ý2 WCX W"7>G, íD[\G4 Q_G[O L_-\TÉ[G .T" IN[ÁTOB U[åMQ Xe| &W $ÜNNG M» 9Ý2M[ 
4� E\ÈB �^T]N ÈdT 4[ \TíC[O Wd $\LQÈBG C4G]4ü NhÌNC[ 4� %F[O IO å4N[ 6N[ Xe| NX $ÜNNG 

9Ý2N[G-1, }�M»>[&G .T" Q^G[O åO4[ÝWW 0\KÁ>O (.Q %O 2 W] ) 4� O[O[ #EÇ @[>[ IO %F[åOC Xe|  

2222.... %IE \TCOBD 4[ $\LQÈBG%IE \TCOBD 4[ $\LQÈBG%IE \TCOBD 4[ $\LQÈBG%IE \TCOBD 4[ $\LQÈBG    

W"L[\TC $TCOB íDQ IO I[Nd ;[GdT[Qd M̂ËN %IED M» (g[T9 (("9['), A[Q, 9�[GD, C�>OD 3O íD[\G4 .T" 
Te\ëT4 :[N[ 4[ \TUdV MXöT Xe| å4W] íDQ IO A[Q 4� M[G 4ü 6BG[ (W ;6X 4� $"4üN (g[T9 Mf@Q Wd 
å4N[ ;[C[ Xe ;Kå4 9�[GD .T" C�>OD 4ü IX9[G #\C\KãKD Wd \KãK #CMB C4G]4 O[O[ å4N[ ;[C[ Xe| Mi;_E[ 
$TC[O4 4� \TÝN[W 4� $ĜW[O 9Ý2 WCX M» 10 $"U Wd ÑN[E[ 4[ A[Q .T" 30 Wd. M]. Wd ÑN[E[ 4[ 9Ý2 WCX IO 
I[Nd ;[Gd T[Q] %\C\C %IE (;h\5M) 4ü ÅdB] M» %C[ Xe [1]| \9T\9T\9T\9T    ----1111 M» %IE 4� IåOL[V[ 4h EU[ÁN[ 6N[ Xe|  
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\9T\9T\9T\9T    1:1:1:1:    $TCOB$TCOB$TCOB$TCOB    %IED %IED %IED %IED 4ü4ü4ü4ü    IåOL[V[IåOL[V[IåOL[V[IåOL[V[    [2][2][2][2]    

a.     $"4üN (g[T9 $"4üN (g[T9 $"4üN (g[T9 $"4üN (g[T9 Mf@QMf@QMf@QMf@Q:::: ;h\5M LOd íD[GD 4ü $\LQÈBG 4� \Q. $"4üN (g[T9 Mf@Q #[DåM4 
%TëN4C[ Xe| 9_"å4 XM[Od $TC[O4 (QeG@O) 4� .Q . .M Mh>O 4ü )"9[' 9Ý2 WCX WCX Wd 34 Wd. M]. Xe &W\Q. 
25 Wd. M]. Wd K@[ 4h' L] 9�[G $TCOB 4� \Q. 5COG[4 Xh W4C[ Xe| 30 Wd. M]. )"9[' Wd ÑN[E[ 4ü 9�GD 4h 
IX9[GGd 4� \Q. 30 Wd. M]. \'@ T[Qd $"4üN (g[T9 Mf@Q 4ü ;eOC Xe IO"Ĉ TCÁM[G M» 10-20 M]. \'@ T[Qd 
$"4üN (g[T9 Mf@Q (.Q . .Q 2) X] (IQáF X¾| .Q . .Q 2 $"4üN (g[T9 Mf@Q 4ü )"9[' ND[DÁC[ 1 M]. 
Xe| 9Ý2M[ 4� E\ÈB �^T]N ÈdT 4� .Q . .Q 2 $"4üN (g[T9 Mf@Q, W"6C .Q %O 2 W] #\C\KãK .T" $"4üN 
(g[T9 Mf@Q 4� O"6]G (g[T9 #QdI 4h \9T \9T \9T \9T 2222    ((((....)))), , , , 2222    ((((K]K]K]K]))))    .T" .T" .T" .T" 2222    ((((W]W]W]W]))))    M» M» M» M» åE5[N[ 6N[ Xe|  
 

        

\9T \9T \9T \9T 2222    ((((....)))): : : : .Q . .Q 2 .Q . .Q 2 .Q . .Q 2 .Q . .Q 2 $"4üN (g[T9 $"4üN (g[T9 $"4üN (g[T9 $"4üN (g[T9 Mf@QMf@QMf@QMf@Q                        \9T \9T \9T \9T 2222    ((((K]K]K]K]):):):):    .Q %O 2 W] #\C\KãK.Q %O 2 W] #\C\KãK.Q %O 2 W] #\C\KãK.Q %O 2 W] #\C\KãK    ((((E\ÈB �T̂E\ÈB �T̂E\ÈB �T̂E\ÈB �T̂))))    

 

\9T \9T \9T \9T 2222    ((((W]W]W]W]):):):):    E\ÈB �T̂ 4[ $"4üN (g[T9 E\ÈB �T̂ 4[ $"4üN (g[T9 E\ÈB �T̂ 4[ $"4üN (g[T9 E\ÈB �T̂ 4[ $"4üN (g[T9 Mf@QMf@QMf@QMf@Q    
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b. A[QA[QA[QA[Q    3O $\LM5̂C[3O $\LM5̂C[3O $\LM5̂C[3O $\LM5̂C[    :::: A[Q 9Ý2 WCX IO (g[T9 4� IåOTCÁG 4� EO 4h M[IC[ Xe .T" &W4ü 6BG[ $"4üN 
(g[T9 Mf@Q 4� #ÙNd4 \9T["U 4� \Q. $"U N[ #\CUC M» 4ü ;[C] Xe| $\LM̂5C[ Wd A[Q 4� åEU[ 4ü ;[G4[O] 
åMQC] Xe| .Q . .Q 2 $"4üN (g[T9 Mf@Q  Wd (ÙI[åEC A[Q 3O $\LM̂5C[ 4h CMU: \9T \9T \9T \9T 3 3 3 3 3O3O3O3O    4444 M» 
åE5[N[ 6N[ Xe|  

 

\9T \9T \9T \9T 3:3:3:3:    E\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]N    WCXWCXWCXWCX    4[4[4[4[    A[QA[QA[QA[Q    ((((°)°)°)°)    \9T \9T \9T \9T 4:4:4:4:    E\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]N    WCXWCXWCXWCX    4�4�4�4�    A[QA[QA[QA[Q    4ü4ü4ü4ü    åEU[åEU[åEU[åEU[    

c.     C�>OC�>OC�>OC�>O    .T" 9�[G.T" 9�[G.T" 9�[G.T" 9�[G    ((((%4[O .T" \TCOB%4[O .T" \TCOB%4[O .T" \TCOB%4[O .T" \TCOB))))    :::: C�>O .T" 9�[G 9Ý2 WCX IO I[Nd ;[Gd T[Qd WKWd W[M[ÝN %4_\C X¾| 
Nd $TC[O4 4� W^O\ÈC $TCOB 4� \Q. WKWd MXÙTI_BÁ %IE (;h\5M) X¾| 10 M]. Wd ÑN[E[ êN[W T[Qd C�>O 4ü 
A[Q 15 $"U Wd ÑN[E[ XhC] Xe ;h $TCOB 4� \Q. 7[C4 Xe| 4 Wd 10 M]. 4� K]9 êN[W T[Qd C�>O �ÈC[ %IE 
#E[G4O W4Cd X¾ &W\Q. 4 M]. Wd ÑN[E[ êN[W T[Qd C�>OD 4ü IX9[G %TëN4 Xe| XM[Od $TC[O4 (QeG@O) 4� 
.Q . .M Mh>O 4ü )"9[' 9Ý2 WCX WCX Wd 34 Wd. M]. Xe &W\Q. 30 Wd. M]. Wd ÑN[E[ )"9[ 9�[G $TCOB 4� \Q. 
;h\5M LOd X¾| \9T \9T \9T \9T 5555    3O3O3O3O    6666  M» C�>OD .T" 9�[GD 4ü IX9[G 4[ .4 (E[XOB åEN[ 6N[ Xe|  
 

                                

\9T \9T \9T \9T 5:5:5:5:    .Q %O 2 W] \KãK Wd.Q %O 2 W] \KãK Wd.Q %O 2 W] \KãK Wd.Q %O 2 W] \KãK Wd    C�>ODC�>ODC�>ODC�>OD    4ü I4ü I4ü I4ü Iîîîî9[G9[G9[G9[G        \9T \9T \9T \9T 6:6:6:6:    .Q %O 2 W] \KãK Wd.Q %O 2 W] \KãK Wd.Q %O 2 W] \KãK Wd.Q %O 2 W] \KãK Wd    9�[GD9�[GD9�[GD9�[GD    4ü I4ü I4ü I4ü Iîîîî9[G9[G9[G9[G    

d.     #E]\o $TíD[ 4[ $\LQÈBG#E]\o $TíD[ 4[ $\LQÈBG#E]\o $TíD[ 4[ $\LQÈBG#E]\o $TíD[ 4[ $\LQÈBG :::: ÌÚT] .T" 9Ý2M[ 4� #E]\o    $TíD[2" M» M_QL_C $"CO Xe| ÌÚT] FO[Ì� 4ü    
#E]\o $TíD[ M» W_NÁ, 9Ý2 .\çK@h, \C\TM #E]oD 3O IOGd T[Qd :[N[ 4h T[C[TOB \TWOB G	4O EdC] Xe| 9Ý2 
WCX IO #E]\o W_NÁ, \#ÚT] .\çK@h 3O G6ÝN C[O[ #4[U 4� 4[OB XhC[ Xe \;W4� IåOB[MíT�I :[N[ T[Qd ÈdT 

  

 
 

लाल रंग लाल रंग लाल रंग लाल रंग ÐÐÐÐ    द��णद��णद��णद��ण 

हराहराहराहरा  रंगरंगरंगरंग - उSरउSरउSरउSर 
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I_BÁ �I Wd $ÝF4[OMN XhCd X¾| 9Ý2 O[\T M» 9Ý2 WCX 4[ C[IM[G -180 $ÝU C4 I�"9 ;[C[ Xe /W] \íD\C M» 
$TC[O4 4h );[Á .T" )ìM[ #E[G 4OGd T[Qd WX #B[\QNh 4� 5O[K XhGd 4ü W"L[TG[ OXC] Xe|  
$L] C4 4� WL] I_TÁTCú 9Ý2 åMUGD 4[ $TCOB &W] 4[OB \TV̂TC]N (9Ý2-MÜN) ÈdT M» �% Xe ;X[" åMUG 4ü 
$T\F .4 9Ý2 åEG OX] Xe| 9Ý2 4� �̂T ÈdT M» 9Ý2 7̂BÁG, 9Ý24È[ (1.54 $ÝU 4[ <^4[T) .T" 9Ý2 WCX 4� 
W\ãM\QC #L[T 4� 4[OB 4W: ;6XD IO Ch íD[N] :[N[ OîC] Xe ;Kå4 4W: ;6X W[Q 4� $\F4["U WMN W_NÁ 4ü 
OhUG] M» OîCd X¾| &G ;6XD IO åMUG 4[ WMN .4 9Ý2 åEG (14 \#ÚT] åEG) Wd ÑNE[ 4[ Xh W4C[ Xe| \9T\9T\9T\9T----7777 M» 
.4 W[Q 4� W_NÁ #E]\o 4h #\CUC M» åE5[N[ 6N[ Xe \;W4ü 6BG[ I_Od .4 W[Q 4� .Q %O 2 4� #\C Eh 7Ý>d 
IO %Gd T[Qd \KãKD 4h WÝW[\FC 4O å4N[ 6N[ Xe|  
 

         

\9T \9T \9T \9T 7: 7: 7: 7: .4 W[Q.4 W[Q.4 W[Q.4 W[Q    4ü WÝ9N #E]\o4ü WÝ9N #E]\o4ü WÝ9N #E]\o4ü WÝ9N #E]\o    4[ M[G\9T4[ M[G\9T4[ M[G\9T4[ M[G\9T    ((((16161616----02020202----2010 2010 2010 2010 WdWdWdWd    11115555----02020202----2011 )2011 )2011 )2011 )    

3333.... W"L[W"L[W"L[W"L[\TC $TCOB íDQD 4ü I\TC $TCOB íDQD 4ü I\TC $TCOB íDQD 4ü I\TC $TCOB íDQD 4ü Iîîîî9[G9[G9[G9[G    

    W"L[\TC $TCOB íDQ 4ü Iî9[G \G\ãÝQ\5C UCµ 4� $G^W[O å4N[ 6N[: 
• A[Q < = 10 $ÝU; )"9[' > 2000 M]. 
• $\LM̂5C[: \TV̂TC]N (9Ý2-MÜN) ÈdT 4ü 2O 

• #E]\o: íD[N] :[N[ T[Qd ÈdT GXù 
• E\ÈB �^T]N ÈdT : 85-90 $"U $È["U 4� MÜN; 9Ý2 4� \G4> T[Qd ÈdT 

• E]7Á\nÇ: 16 å4 M] (ID 4� W[D) x 10 å4 M] (ID 4� W[MGd) 

&G WL] UCµ 4� $G^W[O 04 $TCOB íDQ 4ü Iî9[G 4ü 6' Xe \;Wd W[OB]W[OB]W[OB]W[OB]----1111 .T" \9T\9T\9T\9T    ----    8888    M» M» M» M» åE5[N[ 6N[ Xe| 
\9T\9T\9T\9T––––    ----    9999 E\ÈB QdK\G; K]>[ I?[O $TCOB íDQ 4� $\LQÈBG 4h EU[ÁC[ Xe|  

W[OB]W[OB]W[OB]W[OB]    ----1111    W"L[W"L[W"L[W"L[\TC $TCOB íDQD\TC $TCOB íDQD\TC $TCOB íDQD\TC $TCOB íDQD    4[ \TTOB4[ \TTOB4[ \TTOB4[ \TTOB    

$TCOB $TCOB $TCOB $TCOB 
íDQíDQíDQíDQ    

G[MG[MG[MG[M    $È["U$È["U$È["U$È["U    ((((°)°)°)°)    EdU[ÝCOEdU[ÝCOEdU[ÝCOEdU[ÝCO    ((((°)°)°)°)    ÈdTÈdTÈdTÈdT    

    ((((T6ÁT6ÁT6ÁT6Á    å4å4å4å4    M]M]M]M]))))    
3WC )"9['3WC )"9['3WC )"9['3WC )"9['    ((((M]M]M]M].).).).)    C�>O W7GC[C�>O W7GC[C�>O W7GC[C�>O W7GC[    

((((> 4> 4> 4> 4    M]M]M]M].).).).)    

1  4�\KNW C�>O C�>O C�>O C�>O åOM -86.79  -25.80  16 X 10  2685  502  
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2  M[Q[I[>Á I\ë9M -85.48  -16.09  16 X 10  2243  434  

3  E\ÈB QdK\G; K]>[ I?[O -85.09  26.50  16 X 10 6031  354  

4  (ÇO QdK\G; K]>[ I?[O -84.91  35.92  16 X 10 9408  300  
 

\9T \9T \9T \9T 
8:8:8:8:    E\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]N    ÈdTÈdTÈdTÈdT    4� 4� 4� 4� 04 04 04 04 W"L[W"L[W"L[W"L[\TC $TCOB íDQ\TC $TCOB íDQ\TC $TCOB íDQ\TC $TCOB íDQ    

 

\9T \9T \9T \9T 9:9:9:9:    E\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]NE\ÈB �T̂]N    ÈdTÈdTÈdTÈdT    4� 4� 4� 4� E\ÈB QdK\G; K]>[ I?[O $TCOB íDQE\ÈB QdK\G; K]>[ I?[O $TCOB íDQE\ÈB QdK\G; K]>[ I?[O $TCOB íDQE\ÈB QdK\G; K]>[ I?[O $TCOB íDQ    4[ $\LQÈBG4[ $\LQÈBG4[ $\LQÈBG4[ $\LQÈBG    

4444.... IåOB[M .T"IåOB[M .T"IåOB[M .T"IåOB[M .T"    (IW"X[O(IW"X[O(IW"X[O(IW"X[O::::    

9Ý2M[ 4� E\ÈB �^T]N ÈdT 4� FO[Ì� 4[ \TëQdVB QeÝ@O 4� W"L[\TC $TCOB íDQ 4h Iî9[GGd 4� \Q. å4N[ 
6N[| $TCOB íDQ 4ü Iî9[G 4� \Q. #M̂5 UCµ M» (g[T9 (("9['), íDQ 4[ \TíC[O, A[Q, C�>OD 3O íD[\G4 
.T" Te\ëT4 :[N[ U[åMQ Dd| &G UCµ 4� $ĜW[O 9[O WKWd (IN^F íDQh 4ü Iî9[G 4ü 6' Xe| &G íDQD M» 

लाल रंग Ð आपदा 

(जो�खम वाले 

0थान) 

रंगीन उTचावच Qलेप 

एल आर ओ सी Qित�बVब 
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4�\KNW C�>O    åOM, M[Q[I[>Á I\ë9M, E\ÈB QdK\G; K]>[ I?[O 3O (ÇO QdK\G; K]>[ I?[O U[åMQ X¾| &G íDQh 
4[ $\LQÈBG 9Ý2N[G-1, }�M»>[&G .T" G[W[ 4� .Q %O 2 åMUG 4� @[>[ 4h \TëQd\VC 4O å4N[ 6N[ Xe| 
L\TìN M» &G $TCOB íDQD 4[ $ÜNNG C[IM[G, W_÷M .T" íD[\G4 :[N[ 4� #L[T 4� \Q. \TíC[O Wd å4N[ 
;[.6[|  

5. 5. 5. 5. W"ELÁW"ELÁW"ELÁW"ELÁ::::    

1. Qe\Ý@Ý6 W[&ÔW J[O 9"2N[G-2 åMUG - . íÔ@]; &WOh -%& .W . W] - 9"2N[G-2 - I] %O-2434, $6íC-

2014|  
2. 4�O4>O[&;dUG %J Ih>d\ÝUNQ Q¾å@Ý6 W[&ÔW J[O E N_Oh\ING íIdU .;»W] Q_G[O Q¾@O #h;dÊ>; å@Nh6h Ed 
OhW %åE, N_Oh\ING íIdU .;»W]; .íCd4, 2200 . ;] G_\OÁÑ4 ;d .9, E G]EOQeÝ@|  

%L[O%L[O%L[O%L[O    ::::    

C4G]4ü W"6h�] %Nh\;C 4OGd 4� \Q. XM \GEdU4, We4 .T" \GN"T4, We4 4h X[åEÁ4 FÝNT[E EdCd X¾| &W 
$ÜNNG 4� EiO[G åE. 6. W<̂[TD 4� \Q. XM Å] 4h>dëTO O[T, $ÜNÈ Q¾å@Ý6 W[&> WdQdÊWG 4Md>] 4� K�C 
%L[O] X¾| &W #4[O 4� $ÜNNG 4[ Mi4[ #E[G 4OGd 4� \Q. XM 9"2N[G-2 4� IåONh;G[ \GEdU4 Å] ;] G[6dU 
4[ L] %L[O êNF 4OCd X¾| XM .9 %O @] I] @] 4� $IGd WL] WX4åMÁND 4[ L] %L[O TNF 4OCd X¾|  
************
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िचW िचW िचW िचW 1 : अंत�र� यान पैनल अंत�र� यान पैनल अंत�र� यान पैनल अंत�र� यान पैनल (HTS) 

(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT    

(g(g(g(g    \G6ÁM\G6ÁM\G6ÁM\G6ÁM----ÈMC[ (I'X XdC ̂ÈMC[ (I'X XdC ̂ÈMC[ (I'X XdC ̂ÈMC[ (I'X XdC ̂KaKaKaKa----K¾@K¾@K¾@K¾@    (I(I(I(I----#B[Q] 4ü N["\T4 $\L#B[Q] 4ü N["\T4 $\L#B[Q] 4ü N["\T4 $\L#B[Q] 4ü N["\T4 $\L4çIG[4çIG[4çIG[4çIG[        
Mechanical DesignMechanical DesignMechanical DesignMechanical Design    of Kaof Kaof Kaof Ka----Band Subsystems for High Throughput SatelliteBand Subsystems for High Throughput SatelliteBand Subsystems for High Throughput SatelliteBand Subsystems for High Throughput Satellite    

O[;_ \GI[GdO[;_ \GI[GdO[;_ \GI[GdO[;_ \GI[Gd, , , , ;]6O 6["F];]6O 6["F];]6O 6["F];]6O 6["F], , , , \GQdU Q[QT[G]\GQdU Q[QT[G]\GQdU Q[QT[G]\GQdU Q[QT[G], , , , %\UV WhG]%\UV WhG]%\UV WhG]%\UV WhG], , , , %G"E I[?4 .T" .9%G"E I[?4 .T" .9%G"E I[?4 .T" .9%G"E I[?4 .T" .9. . . . %O%O%O%O. . . . 4�W[O[4�W[O[4�W[O[4�W[O[    
W]W]W]W].....M.M.M.M....@]@]@]@]....@]@]@]@]. / . / . / . / .M.M.M.M....W]W]W]W].....M.M.M.M....;];];];]. / . / . / . / .M.M.M.M....''''.....W.W.W.W............    

$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E        

nipane_rg@sac.isro.gov.innipane_rg@sac.isro.gov.innipane_rg@sac.isro.gov.innipane_rg@sac.isro.gov.in    
 

W[O["UW[O["UW[O["UW[O["U    

Q[5D @[QO 4� (I'X K[;[O M» %\DÁ4 .T" C4G]4ü t\` Wd ÑN[E[ Wd ÑN[E[ Q9]Q[ (flexible) .T" K�(INh6] 
(I'X 4ü %TëN4C[ Xe| &W] 4h ÜN[G M» O54O .4 G. K�(INh6] “High Throughput Satellite (HTS) : 
(g \G6ÁM-ÈMC[ (I'X” 4[ \T4[W U^e4O åEN[ 6N[ Xe å4 ;h $IGd åE. 6. 4[NÁ 4h (g 4hå> 4� W[D 
\GìI[EG 4O W4� .T" \;W4ü Q[6C 4M Wd 4M Xh| &W\Q. .4 G. I]u] 4� T[N^�; (Hermetic) $5"@ 

(Monolithic) Ka-K¾@ \GãG OT #TFÁ4 (Low Noise Amplifier; LNA) (I -#B[Q] 4[ \T4[W .T" \GM[ÁB å4N[ 
;[ OX[ Xe|  

Ka-K¾@ #E[NL[O M» ;K ÑN[E[ 7GC[ 4� W[D \GãG OT #TFÁ4 .44 Q6[Nd ;[Cd X¾ CK N["\T4 W"Td`G 4ü 
$\L4çIG[ .4 9̂GiC] KG ;[C] Xe| NX IT \Q5Gd 4[ (ªdëN HTS #E[NL[O 4� \Q. \GãG OT #TFÁ4 .T" 
.QdÊ>Äf\G4 I[TO 4�@]UGO (Electronic Power Conditioner; EPC) 4� N["\T4ü $\L4çIG[ 4� IXQ_ 4� 
$\F4["U #M̂5 Wh9 -\T9[OD 4h W"ÈdI M» #íĈC 4OG[ Xe|  

W"4�CW"4�CW"4�CW"4�C    UáEUáEUáEUáE        

\GãG OT #TFÁ4, W_÷M-CO"6 W"Td`G 4ü N["\T4 $\L4çIG[, T[N^�;  

G[M[TQ]G[M[TQ]G[M[TQ]G[M[TQ]    
HTS = (g \G6ÁM-ÈMC[ (I'X (High Throughput Satellite) 

LNA = \GãG OT #TFÁ4 (Low Noise Amplifier) 

EPC = .QdÊ>Äf\G4 I[TO 4�@]UGO (Electronic Power Conditioner) 

MMIC = $5"@ W_÷M-CO"6 .4ü4_C IåOID  

 (Monolithic Microwave Integrated Circuit) 

####íC[TG[ íC[TG[ íC[TG[ íC[TG[     
L[OC]N $"CåOÈ 4[NÁCM \T\TF W[M[\;4-%\DÁ4 \T4[WU]Q (INh\6C[2" 4[ 
#K"F 4OGd 4ü NhÌNC[ 4[ EdU; #N[W Xe| &W 4[NÁCM 4ü L_åM4[, L[OC]N 
G[6åO4D 4� \Q. N[ (GWd W"K"\FC, $"CåOÈ C4G]4, #B[Q]-#K"FG .T" G. 
(INh\6C[2" 4[ \T4[W 4OG[ Xe|  

X[Q 4� 4W: TVµ M» (I'X WdT[ 4ü L[OC]N (I5"@h M» Cd;] Wd M["6 Ku OX] Xe| 
INSAT/GEOSAT #B[Q] 4[ (INh6 W"9[O, #W[OB .T" MiWM \TÉ[G ;eWd 
W[M[\;4 \T4[W 4� MXÙTI_BÁ ÈdTD M» å4N[ ;[ OX[ Xe| XM[O] #ÈdIB NhÌNC[ 4h 
(>C KG[Gd 4� \Q. .T" L\TìN 4� HTS 4ü ;eOCD 4h ÜN[G M» O5Cd �. L[OC]N 
$"CåOÈ $G^W"F[G W"6?G GSLV MK-III #ÈdIB N[G 4h \T4\WC 4O OX[ Xe| 
NX XM» 4 Wd 6 >G T6Á 4� L[O] W"9[O (I'XD 4� #ÈdIB C4G]4 M» I_O] COX 
Wd %ÙM-\GLÁO KG[Nd6[| \;WWd 4ü L[OC Q[5D @[QO êN[I[åO4 #ÈdIB 
K[;[O M» .4 #\CNh6] \5Q[@] 4ü COX (CO I[Nd6[|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T \9T \9T \9T 3: 3: 3: 3: IåOTCÁ4IåOTCÁ4IåOTCÁ4IåOTCÁ4 

High Throughput SatelliteHigh Throughput SatelliteHigh Throughput SatelliteHigh Throughput Satellite    ((((HTS): HTS): HTS): HTS): (g \G6ÁM(g \G6ÁM(g \G6ÁM(g \G6ÁM----ÈMC[ (I'X ÈMC[ (I'X ÈMC[ (I'X ÈMC[ (I'X     
HTS 4ü \TUdVC[ NX Xe å4 &WM» 4' :h>d K]M (g Q\áF (High Gain) 4� W[D Mi;_E XhCd X¾| Q7̂ íIh> K]M 4[ 
(g Q\áF, W[F[OBC# :h>d (ILhF[ >åMÁGQ 4� \Q"4 4h K"E 4OGd 4ü W�\QNC EdC[ Xe, CD[ 6̂B[ÙM4 %T̀\C 4� 
ÎG# (INh6 4ü &;[;C EdC[ Xe ÊN_"å4 &GMd K¾@-\TíC[O (bandwidth) ÑN[E[ M̂KQ4 XhC] Xe| &WWd (I'X 
W"9[Q4D 4� \Q. ÈMC[ 4M 59úQ] Xh6]| CD[\I, W"9[Q4D 4� I[W ÈMC[2" 4h ÑN[E[ Wd ÑN[E[ (ILhF[2" 4h 
4M Q[6C IO Kd9Gd 4ü W^\TF[ Xh6]| HTS C4G]4 4� \T4[W Gd Ka-K¾@ %T̀\Ç 4h 4[Jü å4J[NC] KG[ åEN[ 
Xe| \9T 1 M» K� K]M HTS IeGQ 4ü �IOd5[ åE5[N] 6' Xe|                         

KaKaKaKa----K¾@ K¾@ K¾@ K¾@ LNA LNA LNA LNA .T" .T" .T" .T" EPC EPC EPC EPC 4� \Q. N["\T4 W"Td̀ GD 4[ \T4[W4� \Q. N["\T4 W"Td̀ GD 4[ \T4[W4� \Q. N["\T4 W"Td̀ GD 4[ \T4[W4� \Q. N["\T4 W"Td̀ GD 4[ \T4[W   

L\TìN 4� HTS (\9T-1) 4� ;eOCD 4h ÜN[G M» O5Cd �., $"CåOÈ (INh6 412 M», Ka-K¾@ \GãG OT #TFÁ4 (I-
#B[Q] 4� \Q. %F̂\G4 .T" W7G N["\T4 W"Td`G $\L4çIG[ 4ü U^�%C 4ü Xe| #TFÁ4 4ü N["\T4 $\L4çIG[ 
NX %ëTíC 4OC] Xe 4क प�रवहन, IO]ÈB, .T" (t[G 4� EiO[G %Gd T[Qd 6\CU]Q L[O 4� 4[OB å4W] L] COX Wd 
\TJQC[ G Xh| N["\T4 $\L4çIG[ 4� TF %TëN4 K[CD 4[ ÜN[G O5[ 6N[ \;W4[ \TTOB \9T 2 M» EU[ÁN[ 
6N[ Xe|  

W"Td`G 4h N["\T4 4ãßN_>O Wfà>TdNO (CAD) 4ü WX[NC[ Wd $\L4\çIC å4N[ 6N[| IåOID $\L\TÝN[W 4[ 
9NG &W COX Wd å4N[ 6N[ å4 \;WWd I_Od W"Td`G 4[ %4[OM[G .T" T;G 4M Wd 4M Xh|  

W"Td`G 4� M[G4ü4OB .T" #\CeI4 (Modular) $\L4çIG[ XM» LNA .T" EPC 4� .4T]4OB (grouping) M» 
WX[NC[ 4OC[ Xe, CD[ &W4� T;G .T" J�>-M[G ÈdT 4h 4M 4OGd M» L] MEE 4OC[ Xe|  

 

\9T \9T \9T \9T 2 : 2 : 2 : 2 : N["\T4 W"Td̀ G 4ü $\L4çIG[ 4� M[IE"@N["\T4 W"Td̀ G 4ü $\L4çIG[ 4� M[IE"@N["\T4 W"Td̀ G 4ü $\L4çIG[ 4� M[IE"@N["\T4 W"Td̀ G 4ü $\L4çIG[ 4� M[IE"@    

 

Ka-K¾@ \GãG OT #TFÁ4 4� N["\T4 7>4D 4h XM C]G L[6D M» K[!> W4Cd X¾|  
I. CO"6 ID4 (Wave Guide) Wd M[&Ch-í>Ä]IQ[&G IåOTCÁ4 (Micro Strip-line 

Transition) 

II. T[N^�; (Hermetic) I[D-I[C (Drop-in type), MMIC %F[åOC \GãG OT 
#TFÁ4  

III. K[XO] W"Td`G (Enclosure) 
 

I. F[O] (ridge) %F[åOC CO"6 M[6ÁEUÁ4 IåOTCÁ4 4ü ;h K[XO] W"Td`G 4� &ÝÎ> M» 
%W";4 4� W[D \K?[N[ ;[C[ Xe| &Wd WMíTOB (Tuning) êNTíD[ 4� W[D 
$\L4\çIC å4N[ 6N[ Xe| NX Ka-K¾@ %T̀\Ç 4� \Q. IåOU^; IåOM[B 4� W[D .4 9̂íC WåXìB^C[ T[Q[ 
IåOTCÁ4 Xe| &W4� ¥1; 4h WR28 CO"6 ID4 .T" \TQ64 4� W[D W"6C KG[N[ 6N[ Xe| IåOTCÁ4 4� 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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            \9T \9T \9T \9T 4: 4: 4: 4: \GãG OT #TFÁ4\GãG OT #TFÁ4\GãG OT #TFÁ4\GãG OT #TFÁ4 

    \9T \9T \9T \9T 5: 5: 5: 5: T[X4I�] 4ü $\L4çIG[ T[X4I�] 4ü $\L4çIG[ T[X4I�] 4ü $\L4çIG[ T[X4I�] 4ü $\L4çIG[  

$\L4çIG[ (\9T 3) 4ü M̂ËN 9̂GiC] NX Xe å4 IåOTCÁ4 4ü 6̂BTÇ[ W]Fd \GãG OT #TFÁ4 Å̂5"Q[ 4� Gh&s 
\v6O (noise figure) IO $WO 4OC] Xe|  

 

II. T[N^�; I[D-I[C $5"@ \GãG OT #TFÁ4 M» Eh #4[O 4� MMIC 4[ (INh6 å4N[ 6N[ Xe (\9T- 4)| 6̂åX4[ 
$G^G[E (Cavity Resonance) Wd K9Gd 4� \Q. 6̂åX4[ \TF[ $TOhFG (Cavity Mode Suppression) C4G]4 
4[ (INh6 å4N[ 6N[| 4W: ø_O[&@ (Duroid) %F[åOC IåOID 7>4D 4h T[N^�; W"Td`G M» \K?[Gd 4� \Q. 
W"T[X4 \WçTO &IhÊW] (Epoxy) 4[ (INh6 å4N[ 6N[| &W GN] C4G]4 Wd 6̂åX4[ 4� %4[O 4h 4M 4OGd 
.T" &W4� 4[NÁ \GìI[EG 4h Ku[Gd M» WX[NC[ åMQ]| 4W: IåOID 7>4 .çN^åMG[ WKí>Äd> IO XhGd Wd &W4� 
.çN_M]\GNM W"Td`G IO \WçTO &IhÊW] Wd ;htGd M» 4W: 4å?G[&ND W[MGd %N]| ;eWd .çN^åMG[ .T" 
.çN_M]\GNM 4� (ìM]N #WOB 6̂B["4 (Thermal Expansion Coefficient) 4� KdMdQ 4� 4[OB &G4� ;ht M» 
#\CKQ (stress) IeE[ XhGd Wd ;hth M» EO[O» I[' 6'|  

 

&W WMíN[ 4h W^Q<[Gd 4� \Q. $G^eI (ìM]N #WOB 
6̂B["4 T[Q[ 4hT[O F[Ĉ 4[ &íCdM[Q, .çN^åMG[ .T" 
.çN_M]\GNM 4� K]9 $ÝCO[Ì� T[X4 I�] 4ü COX å4N[ 
6N[| .4 ŴTBÁ Qd\IC 4hT[O áQf4 4h 4[(">O-W"4 
%W";4 Wd W"Td`G M» \K?[N[ 6N[| &WM» .4 3O WMíN[ 
NX D] 4ü MMIC \9I 4[ W"\F C[IM[G (Junction 

Temperature) \T\GE¼\UC M[G, 110⁰C Wd $\F4 ;[ OX[ 
D[| &W WMíN[ 4h W^Q<[Gd 4� Eh CO]4� NX Dd 4ü, 
\WçT[O (SILVAR) .4 (g (ìM]N #T[X4 IE[DÁ 4[ (INh6 
T[X4 I�] 4� \Q. å4N[ ;[., N[ 4hT[O T[X4 I�] 4h ÎG# $\L4\çIC å4N[ ;[.| Qdå4G Ka-K¾@ LNA 4� 
\GM[ÁB .4 K[XO] .;ÝW] 4h åEN[ ;[G[ Xe| &W\Q. GNd IE[DÁ 4ü (IQáFC[ .T" NhÌNC[ IO]ÈB (qualification) 
– &G WK K[CD 4h ÜN[G M» O54O NX \GBÁN \QN[ 6N[ å4 T[X4 
I�] 4h ÎG# $\L4\çIC å4N[ ;[.| &WWd (ìM]N $TOhF 4M �%, 

3O W"\F C[IM[G 4h \T\GE¼\UC M[G 4� $"EO O5Gd M» WJQC[ 
åMQ] (\9T-5)|  
 

IE[DÁ 4� %Qh9G[ÙM4 6̂BFMÁ 4ü ;[G4[O] W[OB]-1, 2 M» E] 6' Xe|  

W[OB]W[OB]W[OB]W[OB]    1111    ::::    T[X4 I�] 4� \Q. 9NG IE[DÁT[X4 I�] 4� \Q. 9NG IE[DÁT[X4 I�] 4� \Q. 9NG IE[DÁT[X4 I�] 4� \Q. 9NG IE[DÁ    4�4�4�4�    %Qh9G[ÙM4%Qh9G[ÙM4%Qh9G[ÙM4%Qh9G[ÙM4    6B̂FMÁ6B̂FMÁ6B̂FMÁ6B̂FMÁ    
IE[DÁ #M[B 7GC[ 

'[M/7G Wd.M]. 
(ìM]N #WOB 

6̂B["4 X10-6/K 

(ìM]N W"T[X4C[  
W/m-K 

4hIO 99.95% Cu 8.9 17.1 395 

.çN^åMGM 6061-T6 Al+0.6 Mg+1 Si 2.7 23.5 200 

4hT[O Fe+28 Ni+18 Co 8.3 5.1-5.5 17.3 

\WçT[O   &ÝT[O + 39% Ag 8.77 6.2-7.2 120-150 

W[OB]W[OB]W[OB]W[OB]    2 : 2 : 2 : 2 : WKí>Äd>WKí>Äd>WKí>Äd>WKí>Äd>    4� (ìM]N \T\U` %Qh9G[ÙM4 6B̂FMÁ4� (ìM]N \T\U` %Qh9G[ÙM4 6B̂FMÁ4� (ìM]N \T\U` %Qh9G[ÙM4 6B̂FMÁ4� (ìM]N \T\U` %Qh9G[ÙM4 6B̂FMÁ    
\TUdVC[ GaAs  .çN^åMG[ 

99.6  

ø_O[&@  

RT6002  

TMM 10  

(ìM]N #WOB 6̂B["4 X10-6/K 5.4  6.3  16  

24 (Z)  

21 (X, Y) 

20 (Z)  

(ìM]N W"T[X4C[  W/m-K 50  30  0.6  0.76  

III. WL] #E[N4 (feed-through) 4h W"Td`G 4� \G9Qd Ì� IO Whç@O å4N[ 6N[ \;WWd DC 4[@Á .T" #E[N4 4� 
\IG 4� K]9 4M Wd 4M $"CO Xh .T" %"CO;ht M» %W[G] Xh| NX I[D-I[C #4[O 4� T[N^�; W"Td`G 4h .4 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T \9T \9T \9T 7 : EPC 7 : EPC 7 : EPC 7 : EPC .T" \GãG OT #TFÁ4.T" \GãG OT #TFÁ4.T" \GãG OT #TFÁ4.T" \GãG OT #TFÁ4    4[ Å^"5Q[ M» (INh64[ Å^"5Q[ M» (INh64[ Å^"5Q[ M» (INh64[ Å^"5Q[ M» (INh6    
 

\9\9\9\9T T T T 7 (a) 7 (a) 7 (a) 7 (a) �[@ �[@ �[@ �[@ EPCEPCEPCEPC    .T" \GãG OT .T" \GãG OT .T" \GãG OT .T" \GãG OT 
####TFÁ4TFÁ4TFÁ4TFÁ4    

\9T \9T \9T \9T 7 (b)7 (b)7 (b)7 (b)    \GãG OT #TFÁ4\GãG OT #TFÁ4\GãG OT #TFÁ4\GãG OT #TFÁ4    4ü 4ü 4ü 4ü 
Å^"5Q[Å^"5Q[Å^"5Q[Å^"5Q[    

\9T \9T \9T \9T 7 (c) 7 (c) 7 (c) 7 (c) �[@ �[@ �[@ �[@ EPCEPCEPCEPC    

\9T \9T \9T \9T 6: Ka6: Ka6: Ka6: Ka----K¾@ K[XO] W"Td̀ GK¾@ K[XO] W"Td̀ GK¾@ K[XO] W"Td̀ GK¾@ K[XO] W"Td̀ G    

K[XO] W"Td`G M» )IO] K[;_ Wd O54O &W4� %W";4 4h 
\G9Q] K[;_ Wd \K?[N[ ;[C[ Xe| WL] #E[N4 4� \IG \G9Qd 
L[6 M» DC 4[@Á 4� )IO #Èd\IC XhCd X¾| WL] I[D \GëN"E4 
.T" M['Ch-@] #4[O W"Nh\;T 4h &W] K[XO] W"Td`G M» 
\K?[N[ ;[C[ Xe|  

 

EMI/EMC 4� \Q. &W W"Td`G 4h 6[í4�> 4� W[D 
$\L4\çIC å4N[ 6N[ Xe| &WM» Eh %TOBD 4[ (INh6 å4N[ 
6N[ Xe| \G6ÁC COJ WM[È \TQ64 (Coaxial Isolator) 
\K?[Gd 4� \Q. \TNhÑN } �I (Detachable Clamp) 4[ (INh6 
å4N[ 6N[ Xe|  
 

\9T 6 M» 4[N[Á\ÝTC Ka-K¾@ K[XO] W"Td`G åE5[N[ 6N[ Xe|  
 

 

 

 

 

 

 

 

 

 

  

    

\Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
&W GN] N["\T4 $\L4çIG[ Wd XM (g 4hå> 4� 4[NÁ \GìI[EG 4� W[D, .4 K�M̂5] .T" I_BÁ eI Wd NhÌN Ka-K¾@ 
\GãG OT #TFÁ4 (ÙI[E 4[ \T4[W4O I[."6d| L\TìN 4� HTS #E[NL[OD M» XM &Wd ON, 9ĈDÁ .T" Eh 4� 6̂B["4 4ü 
Å̂"5Q[ M» (INh64O W4Cd X¾ (\9T 7)| &W #4[O 4� $\L\TÝN[W Wd XM G]CL[O IeGQ IO &W4� T;G, %4[O .T" 
J�>M[G ÈdT 4h 4M4O W4Cd X¾| &W4� W[D-W[D IeGQ IO ;eO] 4>-%(> 4ü W"ËN[ 4h L] 4M å4N[ ;[ 
W4C[ Xe| NX XM» $\F4 Wd $\F4 >Ä["WID@O 4h G]CL[O M» WM[\T` 4OGd M» WX[NC[ #E[G 4Od6[|  

W"ELÁW_9] W"ELÁW_9] W"ELÁW_9] W"ELÁW_9]     
1. M['4Q IdÊ> : “X¾@K̂4 0J &QdÊ>Äf\GÊW Ie4�; å@;[&G”, M[UÁQ @d¦O &G., ÝN_Nf4· (1971). 
2. .W. 4�. ;eG .>. .Q., “Ka-K¾@ Qh Gh&s .ãIQ]J[NO WK-\Wí>M Mhø_Q JfO 4hãN^\G4�UG Wd>dQ['> 
IdQhÖW”, 2014 %'.'.'.'. &">OGdUGQ M[&ChTdT ."@ %O.J 4DJOÝW (2014). 

3. W]. åM4�Q., ;d. W]. 4�Oh, ;d. .Q. 4[;hÊW. : “¥�\ÊWKQ Ka-K¾@ Qh Gh&s .M\¤J[NO WK-\Wí>M JfO 
2G4åM"6 Wd>dQ['> IdQhÖW”, #h\Wå@"ÌW 0J E 36th N_Oh\ING M[&ChTdT 4DJOÝW (2006). 

4. I].@].%O. @hÊN^M»> G"KO : ISRO-SAC-GSAT11-PDR-001. 
 

FÝNT[EFÝNT[EFÝNT[EFÝNT[E        

NX Qd5 \Q5Gd 4ü #dOB[ .T" M[6ÁEUÁG 4� \Q. XM[Od 412 4� \GEdU4 MXhEN Å] CIG åMÅ[, (I \GEdU4 Å] . .M 
<[, &QdÊ>Äh\GÊW (I \GEdU4 Å] @] 4� E[W, åX"E] 4È 4� WL] WEíND .T" XM[Od '^I 4� WL] 4MÁ9[O] 6B 4� XM 
%L[O] Xe| $"CåOÈ (INh6 412 M» %Nh\;C C4G]4ü åX"E] W"6h�] “WM[;, \TÉ[G .T" W^OÈ[ 4� \Q. $"CåOÈ” M» 
Qd5 #íĈC 4OGd 4[ $TWO #E[G 4OGd XdĈ W"6h�] WåM\C 4h X[åEÁ4 FÝNT[E|  

*** 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT 

;]We>;]We>;]We>;]We>----7777    ––––    N\̂FI_BÁ WdT[2" XdC ̂N\̂FI_BÁ WdT[2" XdC ̂N\̂FI_BÁ WdT[2" XdC ̂N\̂FI_BÁ WdT[2" XdC ̂    
K�K�K�K�----%T\̀Ç%T\̀Ç%T\̀Ç%T\̀Ç, , , , K�K�K�K�----êN[\o .T" K�êN[\o .T" K�êN[\o .T" K�êN[\o .T" K�----JQG]N G]\CL[O 4ü $\L4çIG[JQG]N G]\CL[O 4ü $\L4çIG[JQG]N G]\CL[O 4ü $\L4çIG[JQG]N G]\CL[O 4ü $\L4çIG[    

    ((((System ESystem ESystem ESystem Engineering for GSATngineering for GSATngineering for GSATngineering for GSAT----7: 7: 7: 7:     

A MultiA MultiA MultiA Multi----band and Multiband and Multiband and Multiband and Multi----coverage payload for Multicoverage payload for Multicoverage payload for Multicoverage payload for Multi----Service)Service)Service)Service)    

(.TQ 6"6dQd, W^L[V 9"2 KdO[, W^åMCdU WO4[O 
.W..W.'.@]./.W..G..W.'.;]./.W..G.I]..., We4 

'-MdQ: ujjwal@sac.isro.gov.in, scbera@sac.isro.gov.in, s_sarkar@sac.isro.gov.in,  

E_OL[V: 079-26915112 

 

W[O["UW[O["UW[O["UW[O["U 

;]We>-7 W"9[O G]CL[O .4 K�-    %T̀\Ç    ((((multi-frequency) K�-JQG]N (multi-functional) .T" K�-êN[\o 

(multi-beam) G]CL[O (payload) Xe ;h å4 N^\FI_BÁ (INhF[2" 4ü W"9[O WdT[2" 4h ÜN[G M» O5Cd �. 
$\L4\çIC å4N[ 6N[ Xe| NX G]CL[O N_ .9 .J (UHF), .W (S), W] (C), .T" 4�N_ (Ku) – K¾@ M» \TU[Q 
MX[W[6O]N (oceanic) êN[\o (coverage) IO W"9[O WdT[2" 4h (IQáF 4O[Gd 4� \Q. W"e\IC å4N[ 6N[ Xe| ;X[" 
UHF .T" S-K¾@ G]CL[OD 4[ W"eIB \GãG \K> EO (low bit rate) WdT[2" (;eWd Th&W, @d>[ WdT[." %åE) 4� \Q. 
å4N[ 6N[ Xe TXù C .T" Ku- K¾@ G]CL[OD 4[ W"eIB MÜNM .T" (g \K> EO (high bit rate) WdT[2" (&">OGd> 
%åE) 4� \Q. å4N[ 6N[ Xe| WTÁEe\U4 (omni-directional) >åMÁGQD 4h W"9[O WdT[ #E[G 4OGd 4� \Q. (g U\F 
T[Qd UHF #dV[G^4OD (transponders) 4ü $\L4çIG[ IXQ] K[O &ÝWe>/;]We> G]CL[OD M» 4ü 6' Xe| UHF K¾@ 
G]CL[O M» êN\C4OB W^OÈ[ (interference protection) .T" \TOhF XdĈ (>C C4G]4D 4h W\ãM\�C å4N[ 6N[ 
Xe| (g U\F #K"FG (high power handling) XdĈ UHF G]CL[O 4� X[@ÁTdNO 4ü $\L4çIG[ (design) M» \TUdV 
ÜN[G O5[ 6N[ Xe| Ku - K¾@ M» ÈdT]N Î";D (regional beams) 4� K]9 M» XK M̂F (hub-less) W"9[O W"Nh;4C[ 
(connectivity) 4� \Q. .G[Qh6 ;[Q W"W[F4 (analog mesh processor) 4ü $\L4çIG[ 4ü 6' Xe| NX #IT 
;]We>-7 4ü C"T $\L4çIG[ .T" C"T $\LN["\T4ü (system engineering) W"K"F] ;[G4[O] #E[G 4OC[ Xe .T" 
G]CL[O 4ü W"4çIG[ Wd G]CL[O \T4[W Wd 4È[ \T\GE¼UD C4 4ü WãM\C 4h #íĈC 4OC[ Xe|  

4W";]UáE4W";]UáE4W";]UáE4W";]UáE (Keywords) 

K�-%T̀\Ç G]CL[O    ((((multi frequency payload), MX[W[6O]N êN[\o    ((((oceanic coverage), (g U\F UHFUHFUHFUHF 
#dV[G^4O, , , , MÜNTCú %T̀\Ç (I-9eGQ (IC"T    ((((IF sub-channel unit), GãN (ÜTÁ 4t] %T̀\Ç Nh;G[    ((((flexible 

uplink frequency plan), XK M̂F W"Nh;4C[    ((((hub-less connectivity), , , , .G[Qh6 ;[Q W"W[\FT    ((((analog 

mesh processor)|     
 

IIII. . . . IåO9NIåO9NIåO9NIåO9N 

;]We>-7 4ü G]CL[O C"T $\LN["\T4ü \TUdV #NhF[2" 4ü \T\U` W"9[O %TëN4C[2"    ((((specific 

communication requirements) 4h \T9[O M» O5Cd �. 4ü 6' Xe| &W G]CL[O C"T 4h \TU[Q MX[W[6O]N 
êN[\o IO E_O W"9[O WdT[2" 4h #E[G 4OGd 4� \Q. \T4\WC å4N[ 6N[ Xe| &W G]CL[O O[O[ E] ;[Gd T[Q] WdT[2" 
4h M̂ËNC# Eh L[6D M» K[">[ 6N[ Xe : (1) \GãG \K> EO (low bit rate) WdT[." ;eWd L[V[, @d>[ .T" J�ÊW .T" (2) (g 
EO WdT[." (high bit rate) (;eWd (g 6̂B ÅTB/T]å@Nh W"9[O| &CG] \T\L> å4íM 4ü WdT[2" 4h \TU[Q êN[\o 
IO :h>d .T" WOQ (small & simple) >åMÁGQ O[O[ #E[G 4OGd 4� \Q. &W G]CL[O 4h UHF .T" S-K¾@ (\GãG \K> 
EO) 3O C .T" Ku K¾@ ((g \K> EO) #dV[G^4OD 4� W[D $\L4\çIC å4N[ 6N[ Xe|  

UHF K¾@ G]CL[O 4h (\9C U\F .T" K¾@ \TíC[O 4� W[D WTÁEe\U4 >åMÁGQD (omni-directional terminals) 4� 
O[O[ W"4üBÁ K¾@ ÅTB .T" @d>[ WdT[2" 4� \Q. W"e\IC å4N[ 6N[ Xe| IO"Ĉ UHF K¾@ 4ü $WMÝTNC[ 
(uncoordinated) 4� 4[OB &W K¾@ M» W"9[O WdT[2" M» 4[Jü êN\C4OB (interference) (ÙI> XhC[ Xe| $C: &W 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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êN\C4OB N^F T[C[TOB M» W"9[O WdT[." #E[G 4OGd 4� \Q. G]CL[O M» \TUdV W^OÈ[ CO]4D 4ü $G^4çIG[ 4ü 6' 
Xe, \;WWd W"9[O 4h (g 4hå> 4ü W^OÈ[ #E[G 4ü ;[ W4�|  

1111.... GãN %T\̀Ç Nh;G[GãN %T\̀Ç Nh;G[GãN %T\̀Ç Nh;G[GãN %T\̀Ç Nh;G[ (flexible frequency plan)    : I[ëTÁ-K¾@    ((((wide-band) êN\C4OB 4ü \íD\C M» (ÜTÁ 4t] 
%T̀\Ç Nh;G[ 4h \TíD[\IC 4OGd XdĈ|     

2222.... (I(I(I(I----9dGQ W]M4 (IC"T9dGQ W]M4 (IC"T9dGQ W]M4 (IC"T9dGQ W]M4 (IC"T (sub-channel limiting unit) : å4W] L] UHF (I 9dGQ M» W"4üBÁ K¾@ 
(narrowband) êN\C4OB 4h W]åMC 4O4� #dV[G^4O 4h $\C9[QG    ((((overdrive) Wd K9[Gd 4� \Q.|     

9Q (I'X WdT[    ((((mobile satellite service) $D[ÁCj .Mj .W .W    ((((MSS) 4� \Q. G]CL[O 4h C    x    S ($' 4t]) 
(forward link)    .T" S x C ( #\C6MG 4t]) (return link)    4� eI M» W"e\IC å4N[ 6N[ Xe C[å4 XíC 9[\QC    

((((hand-held) >åMÁGQD Wd WÝEdU WdT[    ((((reporting services) .T" W_>4�W    ((((suitcase)    >åMÁGQD Wd \O åEU[ (two-

way) WdT[."    #E[G 4ü ;[ W4�|  

C .T" Ku K¾@ #dV[G^4OD 4h (g \K> EO WdT[." ;eWd T]å@Nh WãMQdG (video conference) .T" &">OGd> W"Nh;4C[ 
(internet connectivity) 4� \Q. ;QN[GD (ships) IO íD[\IC >åMÁGQ .T" L_ %F[åOC XK (ground based 

hub) 4� K]9 M» W"9[O íD[\IC 4OGd 4� \Q. å4N[ 6N[ Xe| Ku-K¾@ G]CL[O M» ÈdT]N Î";D 4� K]9 M» XK M̂F 
W"Nh;4C[ 4� \Q. .G[Qh6 ;[Q #CM4 4[ W"eIB å4N[ 6N[ Xe|  

&W G]CL[O 4ü $\L4çIG[ \T\L> $\LM̂ËC[2" ;eWd K�-%T̀\Ç K¾@ #9[QG, .">]G[ $\L\TÝN[W (antenna 

design), (g U\F #K"FG \TVND ;eWd M\çCIdÈGj (Multipaction) .T" \IãI (PIMP) 4h ÜN[G M» O5Cd �. 4ü 
6' Xe| &W G]CL[O 4[ IO]ÈB L_ \íDO 4È[ (in-orbit) M» L] å4N[ 6N[ Xe 3O NX W^9[e eI Wd $IGd \GìI[EG 

(performance) #E\UÁC4O OX[ Xe|  
 

IIIIIIII.... C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[ (System architecture) 

;]We> -7 ;h å4 #h;dÊ> �4MB] (Project-Rukmani) 4� G[M Wd L] ;[G[ ;[C[ Xe, L_ \íDO 4È[ M» 74 å@'] I_TÁ 
(74 deg E) M» íD[\IC Xe .T" &W4[ M̂ËN (ªdëN L[OC .T" (W4� W[D \TU[Q MX[ W[6O]N ÈdT IO WM̂2] W"9[O 

(marine communication) #E[G 4OG[ Xe| NX G]CL[O &WOh 4ü I_BÁ \T4\WC I2K KW IO %F[åOC Xe| ;]We>-
7 4ü G]CL[O $\L4çIG[ (design) \T\U` W"9[O %TëN4C[2" 4h ÜN[G M» O5Cd �. å4N[ 6N[ Xe| &WM» 
\T\L> \TUdVC[2" ;eWd K�-%T̀\Ç #9[QG, C .T" Ku K¾@ M» K� ÎÝ; (multibeam) êN[\o, í>[O Gd>T4· W"Nh;G, 

UHF K¾@ M» êN\C4OB W^OÈ[ %åE 4[ WM[TdU Xe|  

($$$$)  UHF UHF UHF UHF –K¾@K¾@K¾@K¾@    C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[    ((((UHF-band system architecture) 

UHFUHFUHFUHF K¾@ C"T ;Q .T" T[N^ N[GD 4h \GF[ÁåOC êN[\o ÈdT IO ÅTB    ((((voice) .T" @d>[    ((((data) W"9[O XdĈ íD[\IC å4N[ 
6N[ Xe| ;X[" W"4üBÁ K¾@ 9dGQD 4[ W"eIB ÅTB W"Nh;4C[ (voice connectivity) 4� \Q. å4N[ 6N[ Xe TXù I[ëTÁ 
K¾@ 9dGQ 4[ W"eIB W"I_BÁ ÈdT IO #W[OB W"9[O (broadcast communication) WdT[2" 4� \Q. å4N[ 6N[ Xe| 
NX M̂ËNC: K�C W[Od ;Q N[GD (ships) 4h .4 WM[G WÝEdU Ld;Gd XdĈ (INh6 M» Q[N[ ;[.6[|  

(INhF[ >åMÁGQD (user terminals) 4� K]9 M» W"Nh;G XdĈ K�-W"4üBÁ K¾@ 9dGQD IO Eh CO]4D Wd å4N[ ;[ 
W4C[ Xe :  

1. í>[O ;[QCM Mh@í>[O ;[QCM Mh@í>[O ;[QCM Mh@í>[O ;[QCM Mh@    ((((Star network mode) \;WM» XK Wd (I'X 4� K]9 M» C-K¾@ IO W"9[O Xh6[ .T" (I'X Wd 
#NhF[ 4� K]9 M» UHF K¾@ M» W"9[O Xh6[|  

2. MeU ;[QCM Mh@MeU ;[QCM Mh@MeU ;[QCM Mh@MeU ;[QCM Mh@    ((((Mesh network mode)    \;WM» I["9 5 KHz 4� (I 9dGQD 4[ í>[O .T" MeU W"Nh;G 4� K]9 
M» \íT9G (switching) Xh W4C[ Xe| &WM» XK 4� \KG[ X] Eh >åMÁGQD 4� K]9 M» W"9[O UHF x UHF Mh@ M» 
W"LT Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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UHF x UHF DIRECT LINK C x UHF FORWARD LINK UHF x C  RETURN LINK     

\9T \9T \9T \9T 1 1 1 1 : : : : UHF  C"C"C"C"T T[íC4̂Q[T T[íC4̂Q[T T[íC4̂Q[T T[íC4̂Q[ 

#NhF[ 4t] UHF K¾@ M» Xe .T" XK 4t] C-K¾@ M» Xe| $D[ÁCj $' 4t] C x UHF K¾@ M» Xe .T" #\C6MG 4t] UHF x 

C K¾@ M» Xe . \9T 1 M» UHF C"T T[íĈ4Q[ (system architecture) 4h EU[ÁN[ 6N[ Xe|  

(%%%%) S    –K¾@K¾@K¾@K¾@    C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[ (S-band system architecture) 

&W G]CL[O 4h TCÁM[G M» (INh6 XhGd T[Q] 9Q (I'X WdT[ (.Mj .W .W (MSS)) 4h \TíC̀C MX[W[6O]N ÈdTJQ 

(wide oceanic area) IO ;[O] O5Gd 4� \Q. W"e\IC å4N[ 6N[ Xe| NX G]CL[O \O-åEU[ M» .Mj .W .W >[&I –@] 
(MSS-type D) >åMÁGQ Wd L[V[ W"9[O .T" .Mj .W .W >[&I C (MSS-type C) >åMÁGQ Wd åOIhå>Â6 WdT[2" 4h #E[G 
4OGd 4� \Q. å4N[ 6N[ Xe| \9T 2 M» S –K¾@ C"T T[íĈ4Q[ ($' 4t] .T" #\C6MG 4t]) 4h EU[ÁN[ 6N[ Xe|  

C x S  Forward LinkS x C Return Link
 

\9T \9T \9T \9T 2222    : : : : .W.W.W.W----K¾@K¾@K¾@K¾@    C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[ 

;]We>-7 4� .Mj .W .W G]CL[O (MSS payload) M» #NhF[2" 4� K]9 W"Nh;G XK O[O[ í>[O ;[QCM O[O[ 
íD[\IC å4N[ ;[C[ Xe \;WM» XK Wd #NhF[ 4� \Q. C x S 4t] Xe .T" #NhF[ Wd XK 4� \Q. S x C 4t] Xe| XK 
íD[IG[ 4[ íD[G #NhF[ å4 %TëN4C[2" 4h ÜN[G M» O5 4� å4N[ 6N[ Xe .T" NX XK C x S, C x UHF .T" C 

x C C]GD G]CL[OD 4� \Q. 4[MG (common) O5] 6' Xe|  

(&&&&) C    –K¾@K¾@K¾@K¾@    C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[ (C-band system architecture) 

CCCC-K¾@    ((((C-band) G]CL[O M» Eh #dV[G^4OD 4h W"e\IC    ((((configure) å4N[ 6N[ Xe| &W4[ M̂ËN (ªdëN @d>[ #F[G 
WdT[2" ;eWd T]å@Nh WãMdQG .T" @d>[ #W[O &ÙN[åE 4h #E[G 4OG[ Xe| C-K¾@ M» Q\ÈC (targeted) WdT[ ÈdT 4h Eh 
#dV/'[X] (transmit/receive) Î";D (beams) M» \TL[\;C å4N[ 6N[ Xe \;Wd \9T 3 M» EU[ÁN[ 6N[ Xe| EhGD Î";D 4� 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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K]9 M» W"Nh;G í>[O ;[QCM (star network) M» L[OC]N M̂ËNÈdT (mainland) M» íD[\IC XK O[O[ $' 

(forward) .T" #\C6MG (return) 4t] (link) Wd å4N[ 6N[ Xe| XK 4ü íD[IG[ I\ë9M] (west) .T" I_Tú (east) 
Î"; 4� $\CêN[I (intersection) IO 4ü 6' Xe \;WWd EhGD Î";D IO W"9[O íTC"T eI Wd L] íD[\IC Xh W4�| &W 
#4[O 4� $\L\TÝN[W O[O[ $"COÎ"; (inter-beam) .T" $"C: Î"; (intra-beam) EhGD #4[O 4[ W"9[O W"LT Xe|  

XK .T" (W4ü íD[IG[ íD[G 4h #NhF[ 4ü %TëN4C[G^W[O 4[MG O5[ 6N[ Xe \;WWd UHF, C .T" S-K¾@ C"T 4� 
\Q. .4 412]N W"9[O \GN"TB C"T (centralized communication control system) 4ü íD[IG[ Xh W4�| &G 
WL] C"TD M» XK 4t] ($' .T" #\C6MG 4@]) C-K¾@ M» X] Xe|  

Forward Link (Hub to User)Return Link (User to Hub)
 

\9T \9T \9T \9T 3333    : : : : CCCC----K¾@K¾@K¾@K¾@    C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[    

('''') KuKuKuKu ––––K¾@K¾@K¾@K¾@    C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[C"T T[íC4̂Q[ (Ku-band system architecture) 

Ku----K¾@ G]CL[O    ((((Ku-band payload) 4[ W"eIB Eh #dV[G^4OD IO %F[åOC Xe ;h å4 MÜNM .T" (g    \K> EO 
WdT[." ;eWd #\C\KãK/T]å@Nh @d>[ íD[G["COB    ((((transfer) 4� \Q. X¾| \TU[Q êN[\o IO \GìI[EG %TëN4C[2" 4h 
ÜN[G M» O5Cd �., Ku K¾@ WdT[ ÈdT 4h 9[O Î";D O[O[ %Ï:[åEC å4N[ 6N[ Xe| \9T 4 M» êN[\o ÈdT .T" \T\L> 
4\tND 4h EU[ÁN[ 6N[ Xe| NX G]CL[O L[OC]N M̂ËN ÈdT IO (ÇO I\ë9M] Î"; (north west beam) M» íD[\IC 
XK 4� O[O[ 9[OD Î";D M» $' .T" #\C6MG 4t] O[O[ W"9[O #E[G 4OC[ Xe| .4 X] Î"; M» (I\íDC #NhF[ $"C: 
ÎÝ; (intra-beam) 9dGQD O[O[ L] W"9[O4O W4Cd X¾| &W4� $Q[T[ Ku K¾@ G]CL[O Eh #NhF[2" (;h å4 \T\L> 
Î";D M» (I\íDC XD ) 4� K]9 M» XK-M̂F W"Nh;G (hub-less connectivity) L] #E[G 4OC[ Xe| NX M̂ËNC: \TQãK 
W"TdEGU]Q (delay sensitive) (INh6D (;eWd E_O W"9[O, ÅTB WdT[.") M» M̂ËN eI Wd (INh6] Xe|  

IIIIIIIIIIII.... \T\U` QÈB .T" GãNC[."\T\U` QÈB .T" GãNC[."\T\U` QÈB .T" GãNC[."\T\U` QÈB .T" GãNC[." 

NX G]CL[O K�C Wd \T\U` QÈBD .T" GãNC[2"    ((((flexibilities) Wd W"e\IC å4N[ 6N[ Xe ;h å4 &G G]CL[OD 4ü 
#9[QG %TëN4C[2" 4h I_O[ 4OGd XdĈ å4N[ 6N[ Xe|     

((((() UHFUHFUHFUHF -    K¾@ K¾@ K¾@ K¾@ M» êN\C4OB ÝN_G]4OBM» êN\C4OB ÝN_G]4OBM» êN\C4OB ÝN_G]4OBM» êN\C4OB ÝN_G]4OB (interference mitigation) 

;]We>/&ÝWe> G]CL[OD M» #DM K[O UHF K¾@ G]CL[O 4[ W"eIB (W4� XO MiWM M» W"9[O \TUdVC[ 4� \Q. å4N[ 
6N[ Xe ;h å4 N^\FI_BÁ #NhF[2" 4ü .4 \TUdV %TëN4C[ Xe| NX G]CL[O WTÁEe\U4 >åMÁGQD 4h W"9[O WdT[." 
#E[G 4OC[ Xe \;WWd ;Q N[GD IO Q6d >åMÁGQD 4ü $\LQ÷NG (pointing)%TëN4C[2" 4h \TÅ["C (relax) 
å4N[ ;[ W4�| 9_!å4 UHF .4 $WMÝT\NC K¾@ Xe &WM» W"9[O K�C Wd êN\C4OB O[O[ #L[\TC XhC[ Xe| \TUdV 
êN\C4OB ÝN_G]4OB C4G]4D 4[ W"eIB UHF G]CL[O M» å4N[ 6N[ Xe| \9T 5 M» &G WL] QÈBD .T" 
GãNC[2" 4h EU[ÁN[ 6N[ Xe|     



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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Ku-band Forward Link
Ku-band Return Link

Ku-band Mesh Link

BANDWIDTH : 9 MHz / BEAM

Sub channel bandwidths 

: 0.5, 1.0, 1.5, 2.0 MHz

Ku-band Intra Link

 

\9T \9T \9T \9T 4 4 4 4 : : : : KuKuKuKu----K¾@ C"T T[íC4̂Q[K¾@ C"T T[íC4̂Q[K¾@ C"T T[íC4̂Q[K¾@ C"T T[íC4̂Q[    

1. GãN %T\̀Ç Nh;G[GãN %T\̀Ç Nh;G[GãN %T\̀Ç Nh;G[GãN %T\̀Ç Nh;G[    ((((Flexible frequency plan)    – UHF x C .T" UHF x UHF #dV[G^4OD M» UHF %T̀\Ç 
Nh;G[ 4[ C]G \T4çID 4� K]9 M» \íT9G W"LT Xe| $6O (ÜTÁ 4t] M» êN\C4OB %C[ Xe Ch L_åM \GN"TB 412 Wd 
(I'X 4h (\9C 4M["@ #d\VC 4ü ;[.6] \;WWd UHF x IF %T̀\Ç IåOT\CÁT 4ü Qh4Q Eh\QT (Local 

Oscillator) 4ü %T`\Ç KEQ ;[.6]|  
2. W"W"W"W"4üBÁ 4üBÁ 4üBÁ 4üBÁ K¾@K¾@K¾@K¾@/ / / / I[ëTÁI[ëTÁI[ëTÁI[ëTÁ    K¾@ K¾@ K¾@ K¾@ W"Nh;GW"Nh;GW"Nh;GW"Nh;G - 5 KHz T[Qd #DM We> 4� (ÜTÁ 4t] (I 9dGQD 4h L_åM \GN"TB 412 Wd #d\VC 
4M["@ O[O[ UHF x C .T" UHF x UHF 4� K]9 M» #NhF[ 4ü %TëN4C[G^W[O \íT9 å4N[ ;[ W4C[ Xe| UHF 

x C G]CL[O M» (I\íDC (I 9dGQ W]M4 (IC"T 5 KHz W"4üBÁ K¾@ 9eGQD 3O 25 KHz I[ëTÁ K¾@ 9eGQD M» 
%TëN4C[G^W[O 9̂G[T 4ü GãNC[ #E[G 4OC[ Xe|  
3. (I 9dGQ T[åXC êN\C4OB W]M4 (IC"T (I 9dGQ T[åXC êN\C4OB W]M4 (IC"T (I 9dGQ T[åXC êN\C4OB W]M4 (IC"T (I 9dGQ T[åXC êN\C4OB W]M4 (IC"T – UHF x C G]CL[O 4h .4 MÜNM %T̀\Ç (I 9dGQ W]M4 
WM̂gN O[O[ W"e\IC å4N[ 6N[ Xe| &W (IC"T M» MÜNM %T̀\Ç IO \Cí>Q åJç>OD O[O[ (I 9dGQ]4OB å4N[ 
;[C[ Xe| XOd4 (I 9dGQ M» .4 W]M4 #TFÁ4 (limiting amplifier) Xe ;h å4 W"4üBÁ K¾@ êN\C4OB (narrow 

band interference) 4h W]åMC (limit) O5C[ Xe \;WWd #dV[G^4O M» N̂F U\F #TFÁ4 4h $\F#\CKQ 

(overdrive) Wd K9[N[ ;[ W4�| &WWd ;h (I 9dGQ êN\C4åOC (interfered) Xe TX] #L[\TCj Xh6[| $ÝN (I 
9dGQ W^9[e eI Wd 4[NÁ 4O W4Cd X¾| NX W"4üBÁ K"E UHF êN\C4OB 4h W]åMC O5Gd M» WX[N4 Xh6[|  
4. KuKuKuKu    K¾@ K¾@ K¾@ K¾@ M» ;[Q NF̂ W"Nh;GM» ;[Q NF̂ W"Nh;GM» ;[Q NF̂ W"Nh;GM» ;[Q NF̂ W"Nh;G    ((((mesh connectivity)mesh connectivity)mesh connectivity)mesh connectivity)    ––––    $IGd ÈdT]N Î"; (regional beam) T[Qd T[íĈ4Q[ 
M» (I 9dGQ %F[åOC XK M̂F W"Nh;G XdĈ .G[Qh6 ;[Q #CM4 (analog mesh processor) 4ü W"O9G[ 4ü 6' 
Xe| NX Nh;G[ \TQãK W^'[X] (INh6D 4� \Q. M» 4[Jü 4[O6O \W; Xh6]| NX #CM4 N^\G4[í> (>åMÁGQ Wd 
>åMÁGQ), Mç>]4[í> (>åMÁGQ Wd K�C Wd >åMÁGQ 4� K]9 ) .T" #W[OB (%EdU .T" W_9G[ #W[OB ;eW] WdT[2") 4� 
\Q. ÈMC[ #E[G 4OC[ Xe| ;[Q #CM4 \G\ãQ\5C ÈMC[." #E[G 4OC[ Xe : 
(((($)))) ;[Q NF̂ W"Nh;4C[;[Q NF̂ W"Nh;4C[;[Q NF̂ W"Nh;4C[;[Q NF̂ W"Nh;4C[    ((((mesh connectivity)mesh connectivity)mesh connectivity)mesh connectivity)    :::: Ku x Ku G]CL[O M» 9[OD Î";D 4� K]9 M» W"Nh;G #E[G 
4OGd XdĈ $\LN[G \GN"TB 412 Wd (I'X 4h (\9C 4M["@ #d\VC 4ü ;[.6] ;h #CM4 4h W"e\IC 4Od6]| &W4[ 
(INh6 M̂ËNC: L[V[ $G^#Nh6D 4� \Q. Xh6[|  
((((%)))) (I 9dGQD 4[ Q\áF WM[Nh;G(I 9dGQD 4[ Q\áF WM[Nh;G(I 9dGQD 4[ Q\áF WM[Nh;G(I 9dGQD 4[ Q\áF WM[Nh;G    ((((sub channel gain adjustment)sub channel gain adjustment)sub channel gain adjustment)sub channel gain adjustment)    : : : : XOd4 (I 9dGQ M» %TëN4C[G^W[O 
0G-Kh@Á E_O[Ed\VC È]B4[O] (on-board commandable attenuator) 4h We> å4N[ ;[ W4C[ Xe ;h å4 :h>d 
4M U\F T[Qd >åMÁGQD 4� K]9 M» W"9[O XdĈ (INh6] Xh6[|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T \9T \9T \9T 5555: : : : UHFUHFUHFUHF    G]CL[O M» êN\C4OB \TOhF] \TUdVC[.!G]CL[O M» êN\C4OB \TOhF] \TUdVC[.!G]CL[O M» êN\C4OB \TOhF] \TUdVC[.!G]CL[O M» êN\C4OB \TOhF] \TUdVC[.!    

(IW"X[O(IW"X[O(IW"X[O(IW"X[O 

;]We>-7 W"9[O G]CL[O 4[ N^\FI_BÁ (INhF[2" (strategic users) 4ü W"9[O WdT[ %TëN4C[2", (INhF[ 
>åMÁGQ, êN[\o ÈdT .T" #9[QG ÈMC[2" 4h ÜN[G M» O5Cd �. \TUdV eI Wd W"e\IC .T" \T4\WC å4N[ 6N[ Xe| 
(g U\F T[Qd UHF G]CL[O (high power UHF payload) 4ü $\L4çIG[ 3O \T4[W M» êN\C4OB .T" (g 
U\F \GT[ÁX W"K"F] WMíN[2" 4[ ÜN[G O5[ 6N[ Xe|  

C –K¾@ .T" S-K¾@ G]CL[OD 4[ W"eIB \TU[Q êN[\o IO .J .W .W (FSS) .T" .Mj .W .W (MSS) WdT[2" 4h 
#E[G 4OGd 4� \Q. å4N[ 6N[ Xe| Ku K¾@ Wd XK M̂F W"Nh;G 4� \Q. .G[Qh6 ;[Q #CM4 4� $\L4çIG[ .T" 
\T4[Wj å4N[ 6N[ Xe| &W G]CL[O Gd L_ –4È[ M» Eh TVÁ I_BÁ4O \Q. X¾ .T" &W4[ \GìI[EG (performance) 4È[ 
M» I_BÁ eI Wd W"Ĉ\`;G4 Xe|  

%L[O%L[O%L[O%L[O 

&W4[NÁ 4h 4OGd 4� \Q. åE. 6. $TWO, #hÙW[XG .T" åEU[ \GE¼U 4� \Q. Å] CIG åMWO[, \GEdU4-Wd4 4� K�C 
%L[O] X¾ \;ÝXDGd åX"E] L[V[ Wd WãK"\FC \T4[W 4[Nµ 4ü \CN[ 4OGd M» XM[O[ WXNh6 åEN[| XM Å] åEI4 4WM[O 
E[W, (I \GEdU4-.W .G I] . 4� L] K�C %L[O] X¾ \;ÝXDGd XM[O[ &W 4[NÁ M» C4G]4ü M[6ÁEUÁG å4N[| &W 

4[NÁ 4� \Q. TåO� åX"E] $\F4[O]-We4 CD[ åX"E] 4È 4� WL] WX4åMÁND 4[ %L[O #4> 4OCd X¾|  
 

W"ELÁW"ELÁW"ELÁW"ELÁ 
(((($))))  “;]We>-7777 4ãN^\G4�UG IdQh@- @]>dç@ å@;['G åOT_”, , , , @h4 Gh. &WOh-Wd4- ;]We>7777    –%O %O -000000001111, , , , JOTO] 
-2222008008008008|     
((((%)))) “;]We>-7777 4ãN^\G4�UG IdQh@- 4ã#dX»\WT å@;['G åOT_”, , , , @h4 Gh. &WOh-Wd4- ;]We>7777 –W] @] %O -000000001111, , , , 

JOTO] -2222000011112222|     
((((&))))  ' u14 ."@ @] í>]J�W, , , , “ 4hãKå>"6 Qh UHFUHFUHFUHF Wd>4[M @[(G \Q"4 M[\;ÁG”, , , , åMç4hM 97979797 #hW]å@"6W, , , , ThQ 3333, , , , 

Id; 1111444433338888 -1111442442442442, , , , GTãKO 1111997997997997|     
((((')))) .Mj Q], , , , .W O['> .> $Q, , , , ”.ÖT[\ÝWW &G K]M\Q"4 >dÊGhQh;] JfO åM\Q>O] ."@ 4hMd\WÁ$Q Wd>Q['> 
.\¤4�U"W, , , , 11118888 . %' . ., , , , 2222000000000000|     

*** 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT 

U]ëU]ëU]ëU]ë----9[Q4 9[Q4 9[Q4 9[Q4 å4å4å4å4OBI^";OBI^";OBI^";OBI^"; %F[åOC %F[åOC %F[åOC %F[åOC W"9[O W"9[O W"9[O W"9[O #d\VC#d\VC#d\VC#d\VC    C"TC"TC"TC"T 
$\LVd4 4¦@$\LVd4 4¦@$\LVd4 4¦@$\LVd4 4¦@, , , , O[;dU 4WM[O \W"XO[;dU 4WM[O \W"XO[;dU 4WM[O \W"XO[;dU 4WM[O \W"X 

.W.W.W.W..G.G.G.G.....W.W.W.W....''''....@]@]@]@]..../    .W.W.W.W..G.G.G.G.....W.W.W.W....%'%'%'%'....W]W]W]W]....;];];];]..../ / / / .W.W.W.W.....G.G.G.G....I]I]I]I]............ 
$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412 (&WOh&WOh&WOh&WOh), $XME[K[E$XME[K[E$XME[K[E$XME[K[E 

abhishekk@sac.isro.gov.in,,,, rajeshsingh@sac.isro.gov.in 

 

W[O["UW[O["UW[O["UW[O["U –––– &W Qd5 M» L_-\íDO 4È[ M» \íDC W^E_O W"TdEG (I'XD 4� \Q. U]ë-9[Q4 (Agile) å4OBÎ"; IO %F[åOC 
W"9[O #d\VC 4[ \TÝN[W C"T #íC^C å4N[ 6N[ Xe| ÌÚT]-$TQh4G (I'XD M» W^E_O W"TdE] @d>[ 4h L_-4�Ý2D IO W"9[åOC 
4OGd 4� \Q. W"9[O #d\VC 4ü %TëN4C[ XhC] Xe| ÌÚT] $TQh4G (I'XD 4[ M̂ËN $G^#Nh6D %IE[ #L"EG, MiWM 
W"K"F] $TQh4G 3O TeÉ[\G4 $ÜNNG 4� \Q. XhC[ Xe| L_-\íDO 4È[ ÌÚT] 4� WMÈ \íDO XhC] Xe \;WWd #\C\KãKG 
4� 4[\Q4 \TLdEG M» W^F[O XhC[ Xe| &W\Q. L_-\íDO 4È[ Wd T["\:C ÈdT 4[ T[íC\T4 4[Q M» #\C\KãKG 4OG[ W"LT 
Xh I[C[ Xe| Qdå4G T["\:C ÈdT 4[ #\C\KãKG 4OGd 4� \Q. CM\TÈ4 EIÁB N[ $"CåOÈ N[G 4h (W4� $Èh 4� WMÈ 
7̂M[Gd 4ü %TëN4C[ XhC] Xe| (g-4[\Q4 3O (g-íIdÊ>ÄM] \TLdEG T[Qd (I'XD 4� #4[\U4 \GCL[O M» 
CM\TÈ4 EIÁB \O$È]N \6ãKQ IO GXù XhC[ Xe| &W\Q. /Wd (I'XD 4h (W4� Qh> 3O $\LG\C $Èh 4� WMÈ 
7̂M[N[ ;[C[ Xe| $"CåOÈ N[G 4� 7̂M[T 4� 4[OB (W4� .">]G[ 4ü å4OBÎ"; \íDO GXù OXC]| &W 4[OB L_-4�Ý2D IO 
@d>[ 4� W"9OB 4� \Q. K�-å4OB Î";h 4ü %TëN4C[ XhC] Xe, ;h å4W] L] \G\ë9C WMN IO L_-4�Ý2D IO êN[\o #E[G 
4OCd Xe| &W COX 4ü å4OB Î";D 4h U]ë-9[Q4 å4OB Î"; 4X[ ;[C[ Xe| 

$"CåOÈ N[G 4ü CMT]ÈB 6\C 4� 4[OB, .4 (IN^F W"9[O #d\VC %TëN4 Xe ;h 4ü I_TÁ IåOL[\VC L_-4�Ý2D IO 4h 
\GO"CO @d>[ 4[ W"9OB 4O»| /Wd X] $G^#Nh6D 4� \Q. U]ë-9[Q4 å4OB \TÝN[W IO %F[åOC W"9[O #d\VC (IN^F Xe| 

 

4W"\;UáE4W"\;UáE4W"\;UáE4W"\;UáE - W^E_O W"TdEG (I'X, U]ë-9[Q4 å4OBÎ";, @d>[ W"9[åOC 

#íC[TG[ 

W^E_O W"TdEG (I'XD 4[ M̂ËN $G^#Nh6 %IE[ #L"EG, MiWM W"K"F] $TQh4G, 4_\V, T[\G4ü, WM̂2 \TÉ[G 3O $ÝN 
TeÉ[\G4 $ÜNNGh 4� \Q. å4N[ ;[C[ X¾| NX (I'X #4[\U4 N[ W_÷MCO"6] %T̀\Ç K¾@ M» ÌÚT] 4[ #\C\KãKG 4OCd 
X¾| ÌÚT]-$TQh4G (I'XD M» W^E_O W"TdE] @d>[ 4h L_-4�Ý2D IO W"9[åOC 4OGd 4� \Q. W"9[O #d\VC 4ü %TëN4C[ XhC] 
Xe| W"9[O #d\VC #\C\K"KG @d>[ 4h M[@̂\QC 4OGd 4� Ië9[C (g %T̀\Ç IO IåOT\CÁC 4O #TFÁG #E[G 4OC[ Xe 3O 
L_-4�Ý2D 4h @d>[ #d\VC 4OC[ Xe| 

W^E_O W"TdEG (I'X 4ü 4È[ ÌÚT] 4ü \G9Q] 4È[ (LEO) N[ L_-\íDO 4È[ (GEO) Xh W4C] Xe| L_-\íDO 4È[ 4[ Q[L 
NX Xe 4ü NX 4È[ ÌÚT] 4� WMÈ \íDO XhC] Xe \;WWd #\C\KãKG 4� 4[\Q4 \TLdEG M» W^F[O XhC[ Xe| &W\Q. NX 
T["\:C ÈdT 4[ T[íC\T4 4[Q M» #\C\KãKG #E[G 4OC] Xe| 

T["\:C ÈdT 4[ #\C\KãKG 4OGd 4� \Q. CM\TÈ4 EIÁB N[ $"CåOÈ N[G 4h (W4� $Èh 4� WMÈ 7̂M[Gd 4ü 
%TëN4C[ XhC] Xe| (g-4[\Q4 3O (g-íIdÊ>ÄM] \TLdEG T[Qd (I'XD 4� #4[\U4 \GCL[O M» CM\TÈ4 EIÁB 
\O$È]N \6ãKQ IO GXù XhC[ Xe| &W\Q. /Wd (I'XD 4h (W4� Qh> 3O $\LG\C $Èh 4� WMÈ 7̂M[N[ ;[C[ Xe| 

&WCOX 4� C"T M» WL] L_-4�Ý2D IO \GO"CO 3O .4 W[D @d>[ 4[ W"9OB W^\G\ë9C 4OGd 4� \Q., .4 /Wd W"9[O 
\GCL[O 4ü %TëN4C[ Xe ;h 4ü %TëN4C[ 4� $G^W[O $IGd .">]G[ \9T[M 4[ ÎG# W"eIB 4O $IGd \TíC[O ÈdT 
IO W"4�C \íT9 4O W4�| &W %TëN4C[ 4h N"TTCj W"9[\QC \6ãKQ .">]G[, 4Q[-êN_X-.">]G[ N[ K� å4OB .">]G[ 4� 
M[ÜNM Wd I_O[ å4N[ ;[ W4C[ Xe| 4Q[-êN_X-.">]G[ Wd #B[Q] C"T 4ü ;å>QC[ KA ;[C] X¾ 3O N"TTCj W"9[\QC 
\6ãKQ .">]G[ 4� 4[OB #\C\KãK M» \;>O 4ü WMíN[ %C] Xe| K� å4OB .">]G[ \TÝN["W $TOhFG 4ü W"L[TG[ 4h 
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4M 4OGd 4� W[D-W[D (g .">]G[ Q\áF L] #E[G 4OCd X¾ 3O NX 4Q[-êN_X-.">]G[ CD[ N"TTCj W"9[\QC \6ãKQ 
.">]G[ C"T 4ü ĈQG[ M» 4M ;å>Q XhCd X¾| /Wd \íT\9C K� å4OB .">]G[ \TÝN["W 4h U]ë-9[Q4 å4OBÎ"; 4X[ ;[C[ 
Xe| 

&W Qd5 M» L_-\íDO 4È[ M» \íDC W^E_O W"TdEG (I'XD 4� \Q. U]ë-9[Q4 (Agile) å4OBÎ"; IO %F[åOC W"9[O #d\VC 
4[ \TÝN[W C"T #íC^C å4N[ 6N[ Xe| 

C"T  \TÝN["W 

TCÁM[G $ÜNNG 4� \Q. \GãG\Q\5C C"T #[9Q \Q. 6Nd X¾: 
• L_-\íDO 4È[  : 93.5° E 
• L_-4�Ý2   :  G' åE�], $XME[K[E 3O XeEO[K[E 
• T["\:C ÈdT  : I_BÁ ÌQhK (9° X 9°) 
• @d>[ EO   : 200 Mbps 

T["\:C ÈdT 4[ CMT]ÈB 4OGd 4� \Q. (I'X 4h #\C Wd4�@ 0.02 å@'] 4� CMT]ÈB EO IO Qh> 3O $\LG\C F̂åOND 
4� WMÈ 7̂M[N[ ;[C[ Xe| &W\Q., $"CåOÈ N[G 4ü $\LT̀\C  Q6[C[O KEQC] OXC] Xe| W"9[O .">]G[ 4ü å4OBÎ"; L] 
$"CåOÈ N[G 4� W[D %6d KuC] Xe, 3O &WWd (I'X 3O L_-4�Ý2D 4� K]9 W"9[O GXù Xh I[C[ Xe| @d>[ 4� \GO"CO 3O 
.4 W[D W"9OB #E[G 4OGd 4� \Q., U]ë-9[Q4 å4OB \TÝN[W 4� W[D @d>[ #d\VC 4[ \TëQdVB å4N[ 6N[ Xe| 

U]ë-9[Q4 å4OBÎ"; \TÝN[W M» T["\:C ÈdT 4� \Q. K� å4OBÎ"; XhCd X¾| NX å4OBÎ"; $"CåOÈ N[G 4ü 9[Q 4� W[D 
Q6[C[O 9QCd Xe| J�O[&> \íT9G Gd>T4· 4� (INh6 Wd .4 WMN IO .4 å4OBÎ"; 4h W\CN å4N[ ;[C[ Xe| \íT\9"6 
4[OÁT[' Cd;] Wd Xh &W4[ \GF[ÁOB (I'X 4ü 4È[ \GN"TB #B[Q] 3O $\LT̀\C 4ü ;[G4[O] 4� %F[O XhC] Xe CD[ 
&Wd .4 å4OBÎ"; \íT9G \GN"T4 O[O[ \GN"\TC å4N[ ;[C[ Xe| 
 

U]ë-9[Q4 å4OBÎ"; \TÝN[W M» WL] L_-4�Ý2D IO .4 W[D @d>[ W"9OB W^\G\ë9C 4OGd 4� \Q. Kt] W"ËN[ M» U]ë-
9[Q4 å4OBD 4ü %TëN4C[ XhC] Xe| 
 

&G U]ë-9[Q4 å4OBD 4ü W"ËN[ \GãG IO \GLÁO 4OC] Xe: 
• #\C\KãKG 4� \Q. T["\:C ÈdT 
• L_-4�Ý2D 4� K]9 Li6h\Q4 E_O] 

 

TCÁM[G C"T #[9QD 3O I_Od ÌQhK 4[ CMT]ÈB (9° X 9°) 4� 
\Q., 24 U]ë-9[Q4 å4OBD 4ü %TëN4 X¾ \;G4[ 
å4OBÎ"; \TÝN[W \9T-1 M» åE5[N[ 6N[ Xe| 

K� å4OBÎ";h 4h 4' IO[TCÁ4 .">dGh 3O .4[\F4 Jü@ 
#\C IO[TCÁ4 4[ (INh6 4O4� (ÙI> å4N[ ;[C[ X¾| .4 
WMN IO 4�TQ .4 X] å4OB 4h W\CN å4N[ ;[C[ Xe| &W4� 
\Q. U]ë \íT9G 4ü %Të4C[ XhC] Xe| &W U]ë \íT9G 4ü 
%Të4C[ 4h J�O[&> \íT9 Gd>T4· 4� (INh6 Wd I_O[ å4N[ 
;[C[ Xe| &G U]ë-9[Q4 å4OBD 4h .4 4� K[E .4 4O4� Eh 
å4OBD 4� K]9 KEQ[ ;[C[ X¾| \íT\9"6 WMN 3O å4OB 4[ 
9NG CMT]ÈB EO 3O CMT]ÈB \TF[ IO \GLÁO 4OCd Xe| 

T["\:C ÈdT 4[ CMT]ÈB 4OGd 4� \Q. $"CåOÈ N[G 4h Qh> 
3O $\LG\C F̂åOND 4� WMÈ 7̂M[N[ ;[C[ X¾, \;W4� W[D X] U]ë-9[Q4 W"9[O å4OB L] (W] åEU[ M» 9Q] ;[C] Xe| 
&W\Q., .4 X] U]ë-9[Q4 W"9[O å4OB 4' CMT]ÈB EU[2 4� \Q. T["\:C ÈdT 4� \Q.  W"9[O å4OB 4[ 4[NÁ 
4OC[ Xe| &W $ÜFNG M» \íT9G WMN 5 åMG> Xe| 

 

\9T\9T\9T\9T 1: U]ëU]ëU]ëU]ë----9[Q4 å4OB9[Q4 å4OB9[Q4 å4OB9[Q4 å4OBI^"; I^"; I^"; I^"; \TÝN[W\TÝN[W\TÝN[W\TÝN[W 
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\9T\9T\9T\9T 2: U]ëU]ëU]ëU]ë----9[Q4 9[Q4 9[Q4 9[Q4 å4å4å4å4OBI^"; 4� \Q. OBI^"; 4� \Q. OBI^"; 4� \Q. OBI^"; 4� \Q. XíC["COBXíC["COBXíC["COBXíC["COB    4ü4ü4ü4ü    #\CN[#\CN[#\CN[#\CN[ 

\9T 2 U]ë-9[Q4 å4OBD 4� \Q. XíC["COB 4ü #\CN[ 4h EU[ÁC[ Xe| NX[! XOd O"6 Wd EU[ÁN] 6N] å4OB $\LG\C $È 
(I_TÁ-I\ë9M åEU[) 4� W[D %6d Ku OX] Xe| 4W: WMN 4� K[E NX C]GD L_-4�Ý2D 4� \Q. .4 W[D êN[\o #E[G 4OGd M» 
WÈM GXù Xe| &W WMN XOd O"6 Wd EU[ÁN] 6N] å4OB 4h K"E 4O åEN[ ;[C[ Xe 3O Q[Q å4OB 4h W\CN å4N[ ;[C[ 
Xe| C]GD L_-4�Ý2D M» Wd ;K 4h' 
.4 L] L_-4�Ý2 å4W] L] .4 å4OB 
4ü êN[\o Wd K[XO XhC[ Xe Ch (W 
å4OBÎ"; 4h K"E 4O E_WO] 
å4OBÎ"; 4h 9[Q_ ;[C[ Xe, C[å4 
$6Q[ å4OBÎ"; C]GD L_-4�Ý2D 4h 
.4 W[D W"9[O #E[G 4O W4�| 

W"9[O @d>[ #d\VC \TÝN[W 
\9T-3 W"9[O @d>[ #d\VC 4[ áQf4 
%Od5 åE5[N[ 6N[ Xe| W"9[O @d>[ 
#d\VC 4� M̂ËN 7>4 \GãG Xe:-  

• (g @d>[ EO 9Ĉì4Q[ 
\TíD[IG 4W";]NG 
(ÊN_.I]..W.4�.) M[@̂Q4 

• IF x Ku $\L(g 
IåOT\CÁT 

 

\9T\9T\9T\9T 3: .">]G[ .">]G[ .">]G[ .">]G[ C"TC"TC"TC"T 
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• IåO9[Q4 #TFÁ4 

• #6[M] CO"6 G\Q4[ #TFÁ4 

• J�O[&> \íT9G Gd>T4· 
• å4OBÎ"; \íT9G \GN"T4  
• .">]G[ (I #B[Q]|  

#\C\KãKG @d>[ ÊN_.I]..W.4�. M[@̂Q4 O[O[ (g @d>[ EO IO M[@̂\QC å4N[ ;[C[ Xe| M[@̂\QC W"4�Ch 4h Ku W"9[åOC 
K¾@ M» Ld;Gd 4� \Q. IF x Ku $\L(g IåOT\CÁT 4[ (INh6 å4N[ ;[C[ Xe| $\L(g IåOT\CÁT W"4�Ch 4h \vç>O]C 3O 
IåO9[Q4 #T\FÁC 4� Ië9[C #6[M] CO"6 G\Q4[ #TFÁ4 4h åEN[ ;[C[ Xe| #6[M] CO"6 G\Q4[ #TFÁ4 Wd \G6ÁC 
W"4�C J�O[&> \íT9G Gd>T4· 4� (INh6 Wd T["\:C .">]G[ vü@ IO ;[C[ Xe 3O (W4� K[E NX W"4�C L_-4�Ý2D 4h #d\VC 
4O åEN[ ;[C[ Xe| 

 

 

\9T\9T\9T\9T 4: W"9[O @d>[ #d\VC 4[ áQ[4 %Od5W"9[O @d>[ #d\VC 4[ áQ[4 %Od5W"9[O @d>[ #d\VC 4[ áQ[4 %Od5W"9[O @d>[ #d\VC 4[ áQ[4 %Od5 

.">]G[ (I .">]G[ (I .">]G[ (I .">]G[ (I C"TC"TC"TC"T: : : :  
U]ë-9[Q4 å4OB W"9[O @d>[ #d\VC 4� \Q. .">]G[ (I C"T K� å4OB .">]G[ XhCd X¾| 24 U]ë-9[Q4 å4OB KG[Gd 4� 
\Q. 0.3 M]>O #ÙNd4 4� 9[O IOTQ\N4 IO[TCÁ4 .">dG[ (INh6 å4Nd 6. X¾ 3O #ÙNd4 IO[TCÁ4 M» 6 Jü@ (INh6 
å4Nd 6. X¾|  

.">]G[ (I C"T 4h \9T-4 M» åE5[N[ 6N[ X¾ 
&W .">]G[ 4� #M̂5 M[G4 \GãG X¾: 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 1111: : : : .">]G[ .">]G[ .">]G[ .">]G[ M[G4M[G4M[G4M[G4 

CM["4CM["4CM["4CM["4 M[G4M[G4M[G4M[G4 &4['&4['&4['&4[' M_çNM_çNM_çNM_çN 

1 .">]G[ êN[W  .M 0.3 

2 åO¥�Ê>Oh 4ü W"ËN[ - 4 

3 vü@ #\C IO[TCÁ4  - 6 

4 4WQ vü@ - 24 

5 å4W] .4 WMN M» 0Gj å4OBÎ";  - 1 

Mh@^Q4Mh@^Q4Mh@^Q4Mh@^Q4: 

Mh@̂Q4 (g \TLdEG #\C\KãKG @d>[ 4h MhÊ\QC 4OC[ Xe| Mh@̂Q4 4ü @d>[ EO 200 Mbps Xe CD[ M[@̂QG 
ÊN_.I]..W.4� Xe| 
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$\L(g IåOT\CÁT$\L(g IåOT\CÁT$\L(g IåOT\CÁT$\L(g IåOT\CÁT: 

$\L(g IåOT\CÁT Mh@̂Q4 Wd \G6ÁC W"4�Ch 4h (g %T̀\Ç K¾@ IO IåOT\CÁC 4OC[ Xe|  

KeÝ@ I[O4 åJç>OKeÝ@ I[O4 åJç>OKeÝ@ I[O4 åJç>OKeÝ@ I[O4 åJç>O: 

$\L(g IåOT\CÁT Wd \G6ÁC W"4�C 4h KeÝ@ I[O4 åJç>O O[O[ åJç>åOC å4N[ ;[C[ Xe| &WWd W"4�C 4[ K¾@ \TíC[O 
%T"å>C K¾@ M» \WåMC O5[ ;[C[ Xe| 

IåO9[Q4IåO9[Q4IåO9[Q4IåO9[Q4    #TFÁ4#TFÁ4#TFÁ4#TFÁ4: 

IåO9[Q4 #TFÁ4 W"4�C 4h #6[M] CO"6 G\Q4[ #TFÁ4 4h IåO9[QG 4OGd 4� \Q. %TëN4 #TFÁG #E[G 4OC[ Xe| 

#6[M] CO"6 G\Q4[ #TFÁ4#6[M] CO"6 G\Q4[ #TFÁ4#6[M] CO"6 G\Q4[ #TFÁ4#6[M] CO"6 G\Q4[ #TFÁ4:    
W"9[O 4t] 4� \Q. %TëN4 #L[T] WM[G^T̀\C \Tå4OB U\F (EIRP) 4h I_O[ 4OGd 4� \Q. 140 W #6[M] CO"6 
G\Q4[ #TFÁ4 %TëN4 #TFÁG #E[G #E[G 4OC[ Xe| 

 

\9T\9T\9T\9T 5: J�O[&> \íT9J�O[&> \íT9J�O[&> \íT9J�O[&> \íT9G G G G Gd>T4·Gd>T4·Gd>T4·Gd>T4· 
J�O[&> \íT9J�O[&> \íT9J�O[&> \íT9J�O[&> \íT9G G G G Gd>T4·Gd>T4·Gd>T4·Gd>T4·: 
J�O[&> \íT9G Gd>T4· (1:24) L_-4�Ý2D 4� \Q. @d>[ W"9[åOC 4OGd 4� \Q. T["\:C å4OB 4[ 9NG 4OC[ Xe| \9T-5 M» 
SPDT \íT9 (24 J�O[&> \íT9) Mdå>ÄÊW 4ü W"O9G[ 4h .4 \O%F[O] Idt Wd EU[ÁN[ 6N[ Xe| \íT9G Gd>T4· 4ü #\T\` 
X[\G 4M XhG] 9[åX. \;WWd 4ü #6[M] CO"6 G\Q4[ #TFÁ4 4� K[E X[\G ÝN_GCM Xh| 

&G \íT9h 4ü \íT9G WMN %M CiO IO 1 µs Xe| &W COX 4� \íT9 4ü \TëTWG]NC[ L_ T[C[TOB M» 0.1 FIT XhC] Xe|  
J�O[&> \íT9 4[ M̂ËN Q[L 4M \GTdUG X[\G, (g U\F ÈMC[ Xe, 3O 4M @]W] U\F 4ü 5IC X¾|  

å4å4å4å4OBI^"; \íT9G \GN"T4 OBI^"; \íT9G \GN"T4 OBI^"; \íT9G \GN"T4 OBI^"; \íT9G \GN"T4  
å4OBÎ"; \íT9G \GN"T4 (IN^F å4OBÎ";h 4� 9NG 4� \Q. .4 \GN"TB Xe| å4OBÎ"; 9NG $TQh4G C[\Q4[ 4� 
%F[O IO I_TÁ\GF[ÁåOC 4QG \T\F O[O[ å4N[ ;[ W4C[ Xe| NX CMT]ÈB å4OBÎ"; 4� $È["U-EdU["CO IED 3O 
CMT]ÈB \TF[ IO \GLÁO 4OC[ Xe| 
W"9[O @d>[ #d\VC 4[ $G^M[\GC 2êNM[G 40 kg 3O U\F 250W Xe| 

W"9[O 4t] K;> 

W"9[O 4t] K;> C[\Q4[ 2 M» åE5[N[ 6N[ Xe|  
C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 2222: : : : W"9[OW"9[OW"9[OW"9[O    4t]4t]4t]4t]    K;>K;>K;>K;>    

M[G4M[G4M[G4M[G4 &4['&4['&4['&4[' M_çNM_çNM_çNM_çN 

@d>[ EO  Mbps 200 
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M[@̂QG  - ÊN_.I]..W.4�.   
9eGQ 4h@G - FEC-3/4 

\K> T̂å> EO (BER) - 10-5 

(I'X #L[T] WM[G^T̀\C \Tå4OB U\F (EIRP) dBW 43 

L_-4�Ý2 Q\áF C[I $G^I[C (G/T) dB/K 36 

M̂F %4[U]N X[\G dB 206 

TV[Á (I["C dB 6 

.">]G[ $\LQ÷NG T̂å> dB 1 

4[N[ÁÝTNG (I["C dB 2 

@[(G\Q"4 Eb/No dB 9.6 

%TëN4 Eb/No dB 7.6 

C"T (I["C dB 2.0 

\Gì4VÁ 
ÌÚT] $TQh4G (I'XD 4� @d>[ 4h \GO"CO 3O WL] L_-4�Ý2D IO .4 W[D W"9OB 4OGd 4� \Q. U]ë-9[Q4 å4OB 
\TÝN[W, U\F, 2êNM[G 3O ;å>QC[ 4� IeM[Gd IO .4 (IN^F \T4çI Xe ;X[ $"CåOÈ N[G ÌÚT] 4[ #\C\KãKG 4OGd 
4� \Q. Q6[C[O 7̂M[N[ ;[C[ Xe| 

 %L[O 

XM &W 4[NÁ 4h 4OGd 4� \Q. åE. 6. $TWO, #hÙW[XG .T" åEU[-\GE¼U 4� \Q. Å] CIG åMÅ[ (\GEdU4 We4), Å] @].4�. 
E[W ((I \GEdU4, .W..G.I]...), Å] W^åMCdU WO4[O ('^I \GEdU4, .W..G..W.%'.W].;].), Å] .W W] KdO[ (#F[G, 

.W..G..W.'.@].) 4� %L[O] X¾| &W 4[NÁ 4� \Q. XM åX"E] 4È 4� WL] WX4åMÁND 4[ K�C %L[O #4> 4OCd X¾| 

W"ELÁ 
[1] "W"9[O (I'X," @hG[ç@ .9 M[å>ÂW| 
[2] “4�N_ K¾@ SP4T J�O[&> \íT9 Meå>ÄÊW" COMDEV N_OhI, M' 2012, C4G]4ü Gh>| 

[3] "K]M JhåMÂ6 Gd>T4·", '.M.W >dÊGhQf;]; $6íC 2004, ëTdC IT|  

***
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(>C(>C(>C(>C    $"CåOÈ #iah\64ü $TNT$"CåOÈ #iah\64ü $TNT$"CåOÈ #iah\64ü $TNT$"CåOÈ #iah\64ü $TNT 

\G4> T[íC\T4 4[Q O]We>\G4> T[íC\T4 4[Q O]We>\G4> T[íC\T4 4[Q O]We>\G4> T[íC\T4 4[Q O]We>----1 1 1 1 @[>[ (ÙI[E XdC ̂#CMB \Uø_\Q"6 Nh;G[ 3O @[>[ (ÙI[E XdC ̂#CMB \Uø_\Q"6 Nh;G[ 3O @[>[ (ÙI[E XdC ̂#CMB \Uø_\Q"6 Nh;G[ 3O @[>[ (ÙI[E XdC ̂#CMB \Uø_\Q"6 Nh;G[ 3O 
N_>]\Q>] Wfà>TdO 4[ \T4[WN_>]\Q>] Wfà>TdO 4[ \T4[WN_>]\Q>] Wfà>TdO 4[ \T4[WN_>]\Q>] Wfà>TdO 4[ \T4[W    
EdT["6 M["4@EdT["6 M["4@EdT["6 M["4@EdT["6 M["4@, , , , I_;[I_;[I_;[I_;[    4¦t 3O 4¦t 3O 4¦t 3O 4¦t 3O 4ü\CÁ I@]%4ü\CÁ I@]%4ü\CÁ I@]%4ü\CÁ I@]%,,,, 

$\LT\FÁC #\C\KãK #CMB #L[6$\LT\FÁC #\C\KãK #CMB #L[6$\LT\FÁC #\C\KãK #CMB #L[6$\LT\FÁC #\C\KãK #CMB #L[6, , , , @[>[ (ÙI[E Wfà>TdNO WM_X@[>[ (ÙI[E Wfà>TdNO WM_X@[>[ (ÙI[E Wfà>TdNO WM_X@[>[ (ÙI[E Wfà>TdNO WM_X, , , ,  
W"4�C 3O #\C\KãK #W"4�C 3O #\C\KãK #W"4�C 3O #\C\KãK #W"4�C 3O #\C\KãK #CMB ÈdTCMB ÈdTCMB ÈdTCMB ÈdT 

W[O["U 

O]We>O]We>O]We>O]We>----1 G]CL[O 4ü \T\L> \TF[2" 4� \Q. $\;ÁC @[>[ 4[ #CMB \G4> T[íC\T4 G]CL[O 4ü \T\L> \TF[2" 4� \Q. $\;ÁC @[>[ 4[ #CMB \G4> T[íC\T4 G]CL[O 4ü \T\L> \TF[2" 4� \Q. $\;ÁC @[>[ 4[ #CMB \G4> T[íC\T4 G]CL[O 4ü \T\L> \TF[2" 4� \Q. $\;ÁC @[>[ 4[ #CMB \G4> T[íC\T4 
4[Q M» 4OGd 4[ Q÷N O5[ 6N[ D[4[Q M» 4OGd 4[ Q÷N O5[ 6N[ D[4[Q M» 4OGd 4[ Q÷N O5[ 6N[ D[4[Q M» 4OGd 4[ Q÷N O5[ 6N[ D[||||    @[>[ (ÙI[E Wfà>TdO M» \T\U` &`CM]4OB C4G]4D @[>[ (ÙI[E Wfà>TdO M» \T\U` &`CM]4OB C4G]4D @[>[ (ÙI[E Wfà>TdO M» \T\U` &`CM]4OB C4G]4D @[>[ (ÙI[E Wfà>TdO M» \T\U` &`CM]4OB C4G]4D 
4[ #Nh6 4[ #Nh6 4[ #Nh6 4[ #Nh6 å4å4å4å4N[ 6N[ XeN[ 6N[ XeN[ 6N[ XeN[ 6N[ Xe||||    Q÷N 4h #[o 4OGd XdC ̂(g ÅdB] 4� W"Q÷N 4h #[o 4OGd XdC ̂(g ÅdB] 4� W"Q÷N 4h #[o 4OGd XdC ̂(g ÅdB] 4� W"Q÷N 4h #[o 4OGd XdC ̂(g ÅdB] 4� W"6B4D 4[ (INh6 6B4D 4[ (INh6 6B4D 4[ (INh6 6B4D 4[ (INh6 å4å4å4å4N[ 6N[ N[ 6N[ N[ 6N[ N[ 6N[ 
XeXeXeXe||||    XOd4 \TF[ 4� $G^W[O .4 W^\G\ë9C CM M» Wfà>TdO 7>4D 4[ %XOd4 \TF[ 4� $G^W[O .4 W^\G\ë9C CM M» Wfà>TdO 7>4D 4[ %XOd4 \TF[ 4� $G^W[O .4 W^\G\ë9C CM M» Wfà>TdO 7>4D 4[ %XOd4 \TF[ 4� $G^W[O .4 W^\G\ë9C CM M» Wfà>TdO 7>4D 4[ %



[G [G [G [G ((((&ÝTh4�UG&ÝTh4�UG&ÝTh4�UG&ÝTh4�UG) ) ) ) 4OGd 4OGd 4OGd 4OGd 
3O @[>[ 4[ #[TF[G 4OGd 4� \Q. .4  \Uø_\Q"6 Nh;G[ 4ü %TëN4C[ Xe3O @[>[ 4[ #[TF[G 4OGd 4� \Q. .4  \Uø_\Q"6 Nh;G[ 4ü %TëN4C[ Xe3O @[>[ 4[ #[TF[G 4OGd 4� \Q. .4  \Uø_\Q"6 Nh;G[ 4ü %TëN4C[ Xe3O @[>[ 4[ #[TF[G 4OGd 4� \Q. .4  \Uø_\Q"6 Nh;G[ 4ü %TëN4C[ Xe||||    NX Nh;G[ NX Nh;G[ NX Nh;G[ NX Nh;G[ 
M[í>OM[í>OM[í>OM[í>O----íQdT Mf@Q IO %F[åOC XhG] 9[åX. \;WWd K� W"6B4D 4[ (INh6íQdT Mf@Q IO %F[åOC XhG] 9[åX. \;WWd K� W"6B4D 4[ (INh6íQdT Mf@Q IO %F[åOC XhG] 9[åX. \;WWd K� W"6B4D 4[ (INh6íQdT Mf@Q IO %F[åOC XhG] 9[åX. \;WWd K� W"6B4D 4[ (INh6, , , , 4[NÁ \GìI[EG 4� 4[NÁ \GìI[EG 4� 4[NÁ \GìI[EG 4� 4[NÁ \GìI[EG 4� 
\Q. Xh W4�\Q. Xh W4�\Q. Xh W4�\Q. Xh W4�||||    \Uø_\Q"6 C4G]4 Wd #CMB 4ü EÈC[ M» 4h' 4M] GXù %G] 9[åX.\Uø_\Q"6 C4G]4 Wd #CMB 4ü EÈC[ M» 4h' 4M] GXù %G] 9[åX.\Uø_\Q"6 C4G]4 Wd #CMB 4ü EÈC[ M» 4h' 4M] GXù %G] 9[åX.\Uø_\Q"6 C4G]4 Wd #CMB 4ü EÈC[ M» 4h' 4M] GXù %G] 9[åX.||||    #9[QG #9[QG #9[QG #9[QG 
4ü W6̂MC[ XdC ̂N_>]\Q>] Wfà>TdO 4[ \T4[W %TëN4 Xe \;WWd \T\TF 4[NÁ4ü W6̂MC[ XdC ̂N_>]\Q>] Wfà>TdO 4[ \T4[W %TëN4 Xe \;WWd \T\TF 4[NÁ4ü W6̂MC[ XdC ̂N_>]\Q>] Wfà>TdO 4[ \T4[W %TëN4 Xe \;WWd \T\TF 4[NÁ4ü W6̂MC[ XdC ̂N_>]\Q>] Wfà>TdO 4[ \T4[W %TëN4 Xe \;WWd \T\TF 4[NÁ----4Q[I %W[G] 4Q[I %W[G] 4Q[I %W[G] 4Q[I %W[G] 
Wd Wd Wd Wd å4å4å4å4Nd ;[ W41 3O #CMB 4ü \íD\C 4ü ;[G4[O] #[o XhNd ;[ W41 3O #CMB 4ü \íD\C 4ü ;[G4[O] #[o XhNd ;[ W41 3O #CMB 4ü \íD\C 4ü ;[G4[O] #[o XhNd ;[ W41 3O #CMB 4ü \íD\C 4ü ;[G4[O] #[o Xh||||    &G Q÷ND&G Q÷ND&G Q÷ND&G Q÷ND 4h I_O[ 4OGd XdC^  4h I_O[ 4OGd XdC^  4h I_O[ 4OGd XdC^  4h I_O[ 4OGd XdC^ 
M[í>O \Uø_QO 3O $F]G \Uø_QO 4[ \T4[W M[í>O \Uø_QO 3O $F]G \Uø_QO 4[ \T4[W M[í>O \Uø_QO 3O $F]G \Uø_QO 4[ \T4[W M[í>O \Uø_QO 3O $F]G \Uø_QO 4[ \T4[W å4å4å4å4N[ 6N[N[ 6N[N[ 6N[N[ 6N[||||    &G Wfà>TdO 7>4D 4ü &G Wfà>TdO 7>4D 4ü &G Wfà>TdO 7>4D 4ü &G Wfà>TdO 7>4D 4ü 
$\L4çIG[ 3O \CN[ÝTNG 4h &W UhFIT M» E\UÁC $\L4çIG[ 3O \CN[ÝTNG 4h &W UhFIT M» E\UÁC $\L4çIG[ 3O \CN[ÝTNG 4h &W UhFIT M» E\UÁC $\L4çIG[ 3O \CN[ÝTNG 4h &W UhFIT M» E\UÁC å4å4å4å4N[ 6N[ XeN[ 6N[ XeN[ 6N[ XeN[ 6N[ Xe||||    #9[QG M» WX[N4 #9[QG M» WX[N4 #9[QG M» WX[N4 #9[QG M» WX[N4 
N_>]\Q>] Wfà>TdO 4ü 4[NÁN_>]\Q>] Wfà>TdO 4ü 4[NÁN_>]\Q>] Wfà>TdO 4ü 4[NÁN_>]\Q>] Wfà>TdO 4ü 4[NÁ----\T\F L] &W UhFIT M» #E[G 4ü 6' Xe\T\F L] &W UhFIT M» #E[G 4ü 6' Xe\T\F L] &W UhFIT M» #E[G 4ü 6' Xe\T\F L] &W UhFIT M» #E[G 4ü 6' Xe|||| 

W"W"W"W"4�C UáE4�C UáE4�C UáE4�C UáE 

\TF[, M̂ËN \Uø_QO, $F]G \Uø_QO, #CM 4C[O, ;] .N^.%'. , ĈçN4[QG, N_>]\Q>] Wfà>TdO 

 

1111.... #íC[TG[#íC[TG[#íC[TG[#íC[TG[    
L[OC 4� #DM $"CåOÈ T[åXC W"ëQdV] O[O4 Od@[O (.W...%O.) 4[ #ÈdIB $#eQ 26, 2012 4h å4N[ 6N[| NX 

G]CL[O åEG .T" O[C 4� @[>[ 4� $;ÁG 3O WTÁ-MiWM #\C\K"KG 4[ W[MÚNÁ O5C[ Xe| NX \T\TF \TF[ M» @[>[ #E[G 
4OC[ Xe \;W4ü \TLdEG ÈMC[ 1 M]>O ((g-\TLdEG íIf>Q[&> – .9.%O..W.) Wd Qd4O 48 M]>O (íD_Q-\TLdEG 
í4�GW[O – W].%O..W.) C4 Xe 3O L_åM IO #M[;Á 4ü êN[\o 30 å4M] (W_÷M-\TLdEG í>Ä]IMeI – .J.%O..W.-1) Wd 
Qd4O 223 å4M] (W].%O..W.) C4 Xe| #ÙN[TCú �^TB \TF[ (.J.%O..W.-2) �^TBM[IG XdĈ (INh6 M» \QN[ ;[ 
W4C[ Xe ;Kå4 MÜNM-\TLdEG í4�GW[O (.M.%O..W.) \TF[ #9[QG XdĈ G[M]N \TF[ Xe| WL] \TF[2" M» T̀\ÇN .T" 
Oe\54 W"9OB 4ü W^\TF[ #[o Xe| (I'X O[O[ $\;ÁC @[>[ 4[ W\>ÈdIB O[ Ä̀]N W^E_O W"TdEG 412 (O[.W^.W".4�.), 
U[EG6O M» #[o 4 (I'X I[W 4� EiO[G å4N[ ;[C[ Xe| U[EG6O 4� $\CåOF NX $;ÁG 9^G] �. 4È[2" 4� \Q. (ÇO 

�^T 4� I[W \íDC íT[QK@Á L_-í>dUG 3O E\ÈB �^T 4� \G4> \íDC L[OC]N L_-í>dUG “MeT]” O[O[ L] å4N[ ;[C[ Xe| 

&W 4gd @[>[ 4[ I_TÁW"W[FG (#]-#hWd\W"6) O[.W^.W".4�. 3O &WOh (I'X 412 (&.(.4�.) O[O[ \T4\WC QdTQ-0 
Wfà>TdNO O[O[ å4N[ ;[C[ Xe| &W4� Ië9[Cj, I_TÁW"W[\FC QdTQ-0 @[>[ 4h \GTdU (&ÝÎ>) 4� CiO IO $"CåOÈ (INh6 
412 ($".(.4�.) O[O[ \T4\WC @[>[ (ÙI[E Wfà>TdNO 4h, \T\L> íCOD 4� (ÙI[E KG[Gd XdĈ, åEN[ ;[C[ Xe| 

.W...%O. 4[ 4g[ @[>[ W[ç>-."@-IdßIO OT (Gh&s) 4� WM[G XhC[ Xe| #NhF[ 4� \GTdEG 4� $G^W[O @[>[ 
(ÙI[E 4� \T\TF íCOD ;eWd å4 4g[ @[>[ (QdTQ-0), .4Q $TQh4G W\ãMÅ (QdTQ-1 íQ["> O¾;), K�-$TQh4G L_-
IO[W (QdTQ-1 Mç>]Q^4 '[("@ O¾;) 3O L_-\GE¼\UC (QdTQ-2) (ÙI[ED 4� (ÙI[EG 4ü %TëN4C[ OXC] Xe| 9_!å4 
.W...%O. #CMB M» \TÎQ M[T[ M» $\L4QG 4ü %TëN4C[ XhC] Xe, \T\U` &`CM]4OB C4G]4D 4[ &WM» #Nh6 
å4N[ 6N[ Xe| &">dQ .M.4�..Q. ;eWd ÙTåO4 (.ÊWdQdOd>O) 4ht 4[ (INh6 \T\TF J�åONd eI["CO (@]..J.>].), ;hå4 
W"4�C #CMB 4[ %F[O Xe, 4h 6\CM[G KG[Gd XdĈ å4N[ 6N[ Xe| @[>[ (ÙI[E Wfà>TdO Wd \G4> T[íC\T4 4[Q M» 
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(ÙI[ED 4[ ;GG 4OGd 4[ Q÷N Xe| &W (ªdëN 4h #[o 4OGd XdĈ U[EG6O M» 4WQ 6 (g-ÅdB] 4� W"6B4D 4[ (INh6 
å4N[ ;[C[ Xe| XOd4 W"6B4 C"T 4-W]I]N^, 8-4hO \TÝN[W IO %F[åOC Xe| &G W"6B4D M» XOd4 \TF[ 4� $G^W[O .4 
W^\G\ë9C CM M» Wfà>TdO 7>4D 4[ %
[G (&ÝTh4�UG) 4OGd 3O @[>[ 4[ #[TF[G 4OGd 4[ 4[NÁ \Uø_QO Wfà>TdO 
O[O[ å4N[ ;[C[ Xe| 

&W UhFIT 4� M[ÜNM Wd \Uø_QO Wfà>TdO 4� $\L4çI 3O 4[N[ÁÝTNG 4h EU[ÁN[ 6N[ Xe| 5"@-2 M» M̂ËN 
(M[í>O) \Uø_QO Wfà>TdO 3O WM\IÁC $F]G (íQdT) \Uø_QO Wfà>TdO 4� WM^gN Wd #CMB \Uø_\Q"6 Nh;G[ 4[ 
\TTOB åEN[ 6N[ Xe| &W XdĈ (IN^F \T\L> $"CO-#CM W"9[O C4G]4D 4h 5"@-3 M» (;[6O å4N[ 6N[ Xe| Wfà>TdO 
4[ \GNåMC #9[QG U[EG6O M» XhC[ Xe| GfT¼ M» \íDC 4�We> %"COO[ Ä̀]N L_-412 (%'.;]..W.) M» L] åOWe>-1 @[>[ 4[ 
$\L'XB 3O #CMB å4N[ ;[ OX[ Xe| &G 4�Ý2D M» #9[QG 4ü Ŵ6MC[ XdĈ \T\L> N_>]\Q>] Wfà>TdO 4[ \T4[W 

å4N[ 6N[ Xe| &G IXQ_2" 4ü 99[Á 5"@-4 M» 4ü 6' Xe| 

2222.... O]We>O]We>O]We>O]We>----1 1 1 1 @[>[ (ÙI[E XdC ̂@[>[ (ÙI[E XdC ̂@[>[ (ÙI[E XdC ̂@[>[ (ÙI[E XdC ̂#CMB \Uø_\Q"6#CMB \Uø_\Q"6#CMB \Uø_\Q"6#CMB \Uø_\Q"6    

Wfà>TdO 4� #[F[O M» .4 M̂ËN (M[í>O) \Uø_QO Wfà>TdO 3O WM\IÁC $F]G (íQdT) \Uø_QO Wfà>TdO 4[ 
WM̂gN WM[\T` Xe [1]| M̂ËN \Uø_QO .4 2-W]I]N^, 4-4hO W"6B4 M» 4[NÁOC Xe ;Kå4 I_O] #B[Q] M» 6 $F]G 
\Uø_QO 7>4D 4[ (INh6 å4N[ ;[C[ Xe| #ÙNd4 $F]G \Uø_QO 4-W]I]N^, 8-4hO W"6B4 C"T IO 4[NÁOC Xe| M̂ËN 
\Uø_QO 4[ \T4[W ;[T[ (Java) #h'[MG L[V[ M» å4N[ 6N[ Xe| &W 7>4 4� 4[NÁ-4Q[ID 4[ \TTOB 5Ø@ 2.1 M» 
åEN[ 6N[ Xe| $F]G \Uø_QO 7>4 4h C #h'[MG L[V[ M» \T4\WC å4N[ 6N[ Xe| &W 7>4 4� O[O[ å4. ;[GdT[Qd 
4[Nµ 4h 5Ø@ 2.2 M» EU[ÁN[ 6N[ Xe| 

2.1 M^ËN M^ËN M^ËN M^ËN ((((M[í>OM[í>OM[í>OM[í>O) ) ) ) \Uø_QO Wfà>TdO 3O &W4� 4[NÁ4Q[I\Uø_QO Wfà>TdO 3O &W4� 4[NÁ4Q[I\Uø_QO Wfà>TdO 3O &W4� 4[NÁ4Q[I\Uø_QO Wfà>TdO 3O &W4� 4[NÁ4Q[I 

&W Wfà>TdO 4[ M̂ËN 4[NÁ #9[Q4 4h '[Jü #NhF[ $"CO[Ì� (;].N^.%'.) #E[G 4OG[ Xe| &W ;].N^.%'. 4ü 
WX[NC[ Wd I_O] 
@[>[ (ÙI[E #B[Q] 
M» Xh OXù \T\L> 
6\C\T\FND IO 
\G6O[G] O5] 
;[C] Xe| 9_!å4 I_Od 
C"T M» 6 W"6B4 
4[ (INh6 Xh OX[ 
Xe, WL] $F]G 
\Uø_QOD 4ü 
\íD\C 4[ 
M[\G>OG 4OG[ 
%TëN4 Xe| W[D 
X], XOd4 #CM 4ü 
\íD\C 4[ ;[Ns[ 
Qd4O \Uø_\Q"6 
W"K"\FC \GBÁN QdGd 
4[ 4[NÁ NX 
Wfà>TdO 4OC[ Xe| 4�We> %'.;]..W. M» 4[NÁOC M̂ËN \Uø_QO 4� ;].N^.%'. 4h \9T-1 M» EU[ÁN[ 6N[ Xe| &W Wfà>TdO 
4� M^ËN 4[NÁ4Q[ID M» 4[NÁ-%EdU (T4·0@ÁO) @d>[KdW If\Q"6, #CM 4C[O (#hWdW ÊN_) #K"FG, $F]G \Uø_QOD 4h 
4[NÁ \TCOB 3O 4[NÁ #6\C W_9G[ 4[ \GF[ÁOB 4OG[ WM[\T` Xe| 

4[NÁ-%EdU 4[ @d>[KdW I_TÁ-W"W[FG 4� Ië9[Cj O[.W^.W".4�. 4� QdTQ-0 Wfà>TdO O[O[ CeN[O å4N[ ;[C[ Xe| NX 
@d>[KdW 2Od4Q M» Xe 3O &W4� #ÙNd4 åO4f@Á M» W\>ÈdI 4È[ W"ËN[, #\C\KãKG 4È[ W"ËN[, W\>ÈdIB 412, 

 
\9T\9T\9T\9T    1111: M^ËN \Uø_QO ;]M^ËN \Uø_QO ;]M^ËN \Uø_QO ;]M^ËN \Uø_QO ;]....N^NN̂^N^....%'%'%'%'.... 
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G]CL[O \TF[, #CMB tëN W"ËN[ &ÙN[åE 4ü W_9G[ W\ãM\QC XhC] Xe| &W @d>[KdW 4[ I_TÁ-\GF[ÁåOC WMN $"CO[Q M» 
\GO"CO UhFG å4N[ ;[C[ Xe \;WWd #B[Q] 4h GNd tëN 4[ #CMB 4OGd 4ü W_9G[ #[o XhC] Xe| 

#ÙNd4 W"6B4 IO 4[NÁOC $F]G \Uø_QO .4 WMN M» .4 tëN 4[ #CMB 4OC[ Xe| M[í>O \Uø_QO XOd4 
#CM 4ü \íD\C 4h W"\9C O5C[ Xe \;WWd WL] W"6B4D M» L[O W"ĈQG (Qh@ KdQ»\W"6) å4N[ ;[ W4�| &W W_9G[ 4h 
#CM 4C[O (#hWdW ÊN_) M» W"\9C å4N[ ;[C[ Xe \;WM» #ÙNd4 #CM 4h 9[\QC 4C[O (O\G"6 ÊN_), \GQ"\KC 4C[O 
(WíI»@d@ ÊN_), \TJQ 4C[O (.OO ÊN_) &ÙN[åE M» Wd W"K"\FC å4W] .4 4C[O M» O5[ ;[C[ Xe| &G 4C[OD 4� #K"FG 4[ 
4[NÁ W"6B4 4ü íM̀\C M» W"\9C WåEUD O[O[ å4N[ ;[C[ Xe| 

XOd4 $F]G \Uø_QO 4h 4[NÁ \TCåOC 4OGd 4� \Q. M[í>O \Uø_QO O[O[ \GF[ÁåOC #[eI (JfM¼>) M» W"EdU Ld;d 
;[Cd X¾| W"EdUD 4� #dVB XdĈ Wf4�> #h'[\ãM"6 å4N[ 6N[ Xe \;WWd #ÙNd4 $F]G \Uø_QO 4[ W"9[O WM\IÁC eI Wd 
M[í>O \Uø_QO Wd KG[ OXd| M[í>O \Uø_QO 4[NÁ #6\C 4ü W_9G[ #[o 4OC[ Xe \;W4� %F[O IO GNd 4[NÁ-%EdUD 
4h \GìI[EG XdĈ #[ßN $F]G \Uø_QO 4h Ld;[ ;[ W4�| 

2.2 $F]G (íQdT) \Uø_QO Wfà>TdO 3O &W4� 4[NÁ4Q[I 

&W Wfà>TdO 4[ #M̂5 4[NÁ #ÙNd4 \TF[ 4� @[>[ 4[ #CMB 4OG[ Xe| &W Wfà>TdO M» 4h' I[OíIåO4 \CN[ 
(&">O.ÊUG) GXù Xe| #ÙNd4 \TF[ 3O XOd4 QdTQ 4� (ÙI[E 4� \Q. .4 $Q6 #CMB U`Ý5Q[ 4[ #[TF[G O5[ 6N[ 
Xe| &W 7>4 4h C #h'[MG L[V[ M» \T4\WC å4N[ 6N[ Xe| NX Wfà>TdO M[í>O \Uø_QO O[O[ Ld;d 6. W"EdU 4[ 
\T4h@G 4OC[ Xe 3O %EdU 4� $G^�I 4[NÁ4Q[I 4OC[ Xe| 9_!å4 &Wd #CMB XdĈ 4' 3O #CMD 4[ \G\ë9C CM M» 
%
[G 4OG[ Xe, &W Wfà>TdO M» Mç>]-÷då@"6 C4G]4D 4[ (INh6 å4N[ 6N[ Xe|  

\9T 2 M» (E[XOB 4� CiO IO .4 #CMB U`Ý5Q[ M» W\ãM\QC WhI[GD 4h #íĈC å4N[ 6N[ Xe| 

 

 

 

 

 

 

 

 

 

 

\9T\9T\9T\9T    2222: #CMB UÝ̀5Q[ 4[ GM_G[#CMB UÝ̀5Q[ 4[ GM_G[#CMB UÝ̀5Q[ 4[ GM_G[#CMB UÝ̀5Q[ 4[ GM_G[    

.4 #CM 4ü U^�%C 4O4�, \G\ë9C WMN[T\F IO, (W #CM 4ü \íD\C 4� \GF[ÁOB 4OGd 4[ 4[NÁ L] $F]G 
\Uø_QO O[O[ å4N[ ;[C[ Xe| NåE #CM M» 4h' T̂å> $DT[ \TvQC[ %C] Xe Ch $F]G \Uø_QO M[í>O 4h W_\9C 
4OC[ Xe| /Wd $TWO IO NåE T̂å> ÙTåOC W^F[O] ;[ W4C] Xe ((E[XOB 4� CiO IO, å4W] @[>[ J[&Q 4h IAGd 4ü 
$G^M\C GXù Xe 3O K[E M» TX $G^M\C #E[G 4ü 6') Ch M[í>O \Uø_QO (W] 4[NÁ-%EdU 4h åJO Wd, T̂å> W^F[O 4OGd 
4� Ië9[Cj, $F]G \Uø_QO 4h Ld; Ed6[ \;WWd I_O] #CMB U`Ý5Q[ 4[ ÎG: \CN[ÝTNG å4N[ ;[ W4�| NåE @[>[ M» 
WMíN[ $DT[ å4W] 3O T;X Wd U`Ý5Q[ M» e4[T> %C] Xe Ch @[>[ 4h W"K"\FC >]M 4� O[O[ T̂å> \TëQdVB 4� \Q. 
Ld; åEN[ ;[C[ Xe| /Wd T̂å>-N^F @[>[ 4h &4�[ 4OGd 4[ 4[NÁ L] íTC# eI Wd N_>]\Q>] Wfà>TdO O[O[ å4N[ ;[C[ Xe 
\;W4[ \TTOB %6d 4� 5"@ M» åEN[ 6N[ Xe| 

�वधा: एफ़-आर-एस 1 

लवेल-2 

डाटा िनYकष8ण 

क�ा एवं अिभव�ृS डाटा िनYकष8ण   

िनYकष8ण

परास संपीडन, डो[लर आकलन, आर.सी.एम. 

संशु�\, 4दगंश संपीडन तथा बहु-अवलोकन 

एस.ए.आर. भू-0थान िनधा8रण 

उ]पाद जनन और फ ॉमCटन 
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3333.... $"CO$"CO$"CO$"CO----#CM W"9[O C4G]4D 4[ (INh6#CM W"9[O C4G]4D 4[ (INh6#CM W"9[O C4G]4D 4[ (INh6#CM W"9[O C4G]4D 4[ (INh6    

M[í>O \Uø_QO 3O #ÙNd4 $F]G \Uø_QO ÌD4 W"6B4 IO XhGd 4� 4[OB &GM» W"9[O 4� M[ÜNM 4� eI M» 
Wf4�> 4[ (INh6 å4N[ 6N[ Xe| Wf4�> 4h .4 W"6B4 Wd E_WOd W"6B4 4� K]9 4� W"9[O XdĈ M̂ËN \K"Ê \6G[ ;[C[ Xe| 
Wf4�> EhGD \WOD IO .4 I_TÁ-\GF[ÁåOC Ih>Á IO 5hQ[ ;[ W4C[ Xe| &W W"Nh;G 4� $Gd4 #4[O W"e\IC å4Nd ;[ 
W4Cd X¾, ;eWd If&">->_-If&">, If&">->_-M̂ç>]If&"> &ÙN[åE| \Uø_QO Wfà>TdO M» XMGd If&">->_-If&"> W"eIB 4[ #Nh6 
å4N[ Xe \;WWd XM» W"Nh;G WM\IÁC eI Wd åMQ W4�| NX W"9[O C4G]4 >]W]I] $\FNh;G[ (í4üM) 4� $G^eI KG[' 
6' Xe| 

;K .4 X] W"6B4 M» Eh ($DT[ òN[E[) #CMD 4� K]9 W"9[O 4OG[ Xh Ch W"6B4 C"T 4ü W"EdU 4C[O (MdWd; 
ÊN_) 4[ (INh6 4O W4Cd X¾| #ÙNd4 #CM 4h (W 4C[O 4[ IX9[G4 (MdWd; ÊN_ %'@]) #[o 4OG[ XhC[ Xe| (W 
IX9[G4 4[ (INh6 4O4� 4h' L] #CM, W"6B4 C"T íM̀\C (4GÁQ MdMhO]) M» W"EdU \Q5 W4C[ Xe| NåE å4W] 
\T\U` #CM 4h W"EdU Ld;G[ Xe Ch (W] 4C[O M» \T\L> \9�D (¥�ÌW) 4[ #Nh6 å4N[ ;[ W4C[ Xe| $F]G \Uø_QO M» 
XMGd K�F[ W"EdU 4C[O #B[Q] 4[ (INh6 
å4N[ Xe| NåE #CMB M» 4[NÁOC 4h' L] ÷d@ 
$IG] \íD\C \GåEÁ` 4OG[ 9[XC[ Xe Ch TX 
(G \9�D 4[ #Nh6 4O4� $F]G \Uø_QO 4h 
$IG[ W"EdU Ld; W4C[ Xe| 

&W4� $\CåOF \T\L> #CMD/÷d@ 4� 
K]9 ĈçN4[QG (\W"ChG[&;dUG) 4� \Q. 
W]M[JhO 3O ãN_>dÊW ;eWd ĈçN4[QG 
%F[OD 4[ #Nh6 å4N[ 6N[ Xe| ;K Eh $DT[ 
òN[E[ #CM W[<[ W[FGD 4h $aCG 4OGd 
4ü 4h\UU .4 X] WMN M» 4OCd X¾, Ch #B[Q] 
4h W^9[e eI Wd 4[NÁ 4O[Gd XdĈ ĈçN4[QG 
4[ (INh6 4OG[ ItC[ Xe| (E[XOB 4� CiO 
IO, I_O] #B[Q] 4� W"Qd5G (Qf\6"6) M» WX] 
eI Wd W_9G[ #[o 4OGd 4� \Q. ĈçN4[QG 
%F[OD 4ü WX[NC[ QdG] ItC] Xe| 

4444.... \T\TF N_>]\Q>] Wf\T\TF N_>]\Q>] Wf\T\TF N_>]\Q>] Wf\T\TF N_>]\Q>] Wfà>TdO 4[ \TTOBà>TdO 4[ \TTOBà>TdO 4[ \TTOBà>TdO 4[ \TTOB    

#9[Q4D 4� EQ 4ü W^6MC[ XdĈ 
$ÝNhÝN\CN[ W^9[e eI Wd OXd 3O W"I_BÁ @[>[ (ÙI[E #B[Q] 4ü #9[QG ÈMC[ $Ï:] Xh &W XdĈ Wd \T\L> N_>]\Q>] 
Wfà>TdO 4[ \T4[W å4N[ 6N[ Xe| Nd N_>]\Q>] Wfà>TdO 4[ \TVN ÈdT \GãG\Q\5C 4[Nµ 4h Ed5C[ Xe: 

1) @[>[ (ÙI[E Wfà>TdO 4[ &"í>hQdUG 

2) G. Q[&W»W 4� \Q. \GTdEG 3O Q[&W»W &"í>hQdUG (4�TQ %'.;]..W. Wfà>TdO 4� \Q. Q[6_) 
3) 4[NÁ-%EdU 4� %6MG 4ü W_9G[ 3O #CMB 4ü C[ÙÈ\B4 \íD\C 4ü ;[G4[O] #E[G 4OG[ 
4) T̂å> XhGd IO íTC# eI Wd T̂å>-N^F @[>[ 4h &4�[ 4OG[ &ÙN[åE| 

&G 4[Nµ 4h .4 Ie4�; 4� eI M» CeN[O å4N[ 6N[ Xe [2]| &W Ie4�; 4� ;].N^.%'. 4h \9T 3 M» åE5[N[ 6N[ Xe| 

@[>[ (ÙI[E Wfà>TdO 4� \Q. .4 &"í>hQdUG 4ü> CeN[O 4ü 6' Xe| NX N_>]\Q>] #9[QG XdĈ \T\L> @[>[ Jhç@O 
4[ ID #NhF[ Wd \GTdU (&ÝÎ>) QdC] Xe 3O (G ID M» ;[4O (IQáF ;6X 4ü ;[G4[O] EdC] Xe| WL] %TëN4 ;[!9 
4� Ië9[Cj Wfà>TdO 4h W"6B4 IO &"í>hQ å4N[ ;[C[ Xe| &"í>hQdUG WMN 4� 4W: $"CO[Ì� \9T 4 M» E\UÁC å4Nd 6. 
X¾| 

 
\9T\9T\9T\9T    3333: N_>]\Q>] Wfà>TdO Ie4�;N_>]\Q>] Wfà>TdO Ie4�;N_>]\Q>] Wfà>TdO Ie4�;N_>]\Q>] Wfà>TdO Ie4�; 
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%'.;]..W. Wfà>TdO 4[ Q[&W»W \GNC W"6B4 3O \G\ë9C WMN[T\F 4� \Q. %"COO[ Ä̀]N #NhF[ 4h #E[G 
å4N[ ;[C[ Xe| &W Q[&W»W 4� GT]4OB XdĈ W"6B4 4� Me4-%'@] 4[ (INh6 4O4� .4 \GTdEG CeN[O å4N[ ;[C[ 
Xe| NX \GTdEG &WOh 4h Ld;[ ;[C[ Xe \;W4[ (INh6 4O4� GN[ Q[&W»W 3O (W4h &"í>hQ 4OGd 4ü íT9[\QC 
#\CN[ #NhF[ 4h &MdQ $DT[ .v>]I] 4� såONd Ld;] ;[C] Xe| 

 
\9T\9T\9T\9T    4444: &"í>hQdUG 4ü> 4� $"CO[I�̀&"í>hQdUG 4ü> 4� $"CO[I�̀&"í>hQdUG 4ü> 4� $"CO[I�̀&"í>hQdUG 4ü> 4� $"CO[I�̀    

 

  

\9T\9T\9T\9T    5555: #CMB 4ü C[ÙÈ\B4 ;[G4[O] XdC ̂$"CO[I�̀#CMB 4ü C[ÙÈ\B4 ;[G4[O] XdC ̂$"CO[I�̀#CMB 4ü C[ÙÈ\B4 ;[G4[O] XdC ̂$"CO[I�̀#CMB 4ü C[ÙÈ\B4 ;[G4[O] XdC ̂$"CO[I�̀    
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 #CMB XdĈ W[Od 4[NÁ-%EdUD Wd ;^t] �' ;[G4[O] 4h .4 %"CåO4 @d>[KdW M» W"\9C å4N[ ;[C[ Xe| NX 
@d>[KdW M[N-.WÊN_.Q IO %F[åOC Xe| ;eWd X] 4h' 4[NÁ-%EdU Wd W"K"\FC #CMB M» IåOTCÁG XhC[ Xe, &W @d>[KdW 4h 
$aCG å4N[ ;[C[ Xe| W[Od 4[NÁ-%EdUD 4ü W_9] M» Wd 4W: #[9QD 4� %F[O IO (I[W 4ü C[O]q, #CMB 4ü C[O]q, 
#\C\KãKG \TF[ &ÙN[åE) &\Ï:C ;[G4[O] 4h #[o å4N[ ;[ W4C[ Xe| &W N_>]\Q>] Wfà>TdO 4h \9T 5 M» EU[ÁN[ 6N[ 
Xe| 

&G WL] ;].N^.%'. Ie4�; Wd #9[QG #\CN[ M» K�C W^\TF[ #[o �' Xe| @[>[ (ÙI[E Wfà>TdO 4� W[D W"Q� &G 
N_>]\Q>] Wfà>TdO 4h \QGÊW 0IOdå>"6 #B[Q] IO Ih>Á å4N[ 6N[ Xe| W[O] #B[\QND 4[ \GNåMC eI Wd IåOT]ÈB 
å4N[ 6N[ Xe 3O #B[Q] M» #CåMC (ÙI[ED 4h #NhF[ C4 I�!9[N[ ;[C[ Xe| $Ê>_KO, 2012 Wd O[.W_.W".4�. M» 3O 
$6íC, 2014 Wd %'.;]..W. M» NX Wfà>TdO W"I_BÁ eI Wd #9[QG] eI Wd 4[NÁOC Xe, \;W4ü #\CåEG åOIh>Á IåONh;G[ 
4� WEíND 4h &-MdQ 4� såONd E] ;[C] OX] Xe| 

 

5555.... (IW"X[O(IW"X[O(IW"X[O(IW"X[O    
O]We>-1 4� @[>[ (ÙI[E 4h \G4> T[íC\T4 4[Q M» #CåMC 4OGd M» M[í>O-íQdT Mf@Q IO %F[åOC #CMB 
\Uø_\Q"6 Nh;G[ 4[ Nh6E[G MXÙTI_BÁ OX[ Xe| &W Mf@Q IO %F[åOC Wfà>TdO 4h U[EG6O 3O %'.;]..W. M» 
ÌD4 W"6B4 \TÝN[W IO #9[\QC å4N[ 6N[ Xe 3O &GWd \T\L> \TF[2" M» @[>[ (ÙI[ED 4[ ;GG 4O4� \T\L> 
#NhF[2" 4h #E[G å4Nd 6Nd X¾| Wfà>TdO 4ü W"O9G[ M» Qh@ KdQ»\W"6 4h ÜN[G M» O5Cd �. \Uø_\Q"6 Nh;G[ CeN[O 
4ü 6' Xe, \;WWd (g-ÅdB] 4� W"6B4D M» W[M";íN Wd @[>[ (ÙI[E 4[ 4[NÁ \GìI[EG å4N[ ;[ W4�| Wfà>TdO 4� &ÝXù 
Mf@QD 4h KdXCO KG[4O L\TìN 4� @[>[ (ÙI[E IåONh;G[2" M» T[íC\T4 4[Q M» #CMB 4OGd 4ü W"L[TG[." 5h;] 
;[ W4C] X¾| 

6666.... W"ELÁW"ELÁW"ELÁW"ELÁ::::----        

5. " O]We> -1 @[>[ #h@ÊÔW \Wí>M : #]\QåMGO] å@;['G åOêN_ ", $#eQ 2006 

6. “@]I];].W \Wí>M MeÝN^$Q”, Antx/14/IGS/RISAT/DPGS/SM/V1.0, M' 2014  

7777.... FÝNT[EFÝNT[EFÝNT[EFÝNT[E    
#L[6 4� WX4åMÁND 4h FÝNT[E \;GWd XM» \GO"CO WXNh6 #[o XhC[ Xe| Å] U["CG^ 9iFO], WX\GEdU4, .@Ä]G 

3O I_TÁ (I\GEdU4, W"4�C 3O #\C\K"K #CMB ÈdT (W]I[),$".(.41., 4� XM %L[O] X¾, \;ÝXDGd &W 4[NÁ 4� \Q. XMdU[ 
XM[O[ ID-#EUÁG å4N[ 3O WEeT XM[O[ (ÙW[X-TFÁG å4N[| Å] %O. O[M9"2G, (I\GEdU4, W]I[,$".(.41., 4� XM 
%L[O] X¾, \;ÝXDGd WEeT XM[O[ (ÙW[X-TFÁG å4N[|  $".(.41. 4� åXÝE] $G^L[6 4� XM %L[O] X¾, \;G4[ \GO"CO 
WX4[O åXÝE] 4[N[ÁÝTNG XdĈ #[o XhC[ OXC[ Xe| C4G]4ü W"6h�] M» Qd5 \Q5Gd 4[ $TWO #E[G 4OGd XdĈ W"6h�] 
WåM\C 4h X[åEÁ4 FÝNT[E| 

******* 
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(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT(>C $"CåOÈ #iah\64ü $TNT 

9"2N[G9"2N[G9"2N[G9"2N[G----2 2 2 2 Q¾@O XdC ̂.9Q¾@O XdC ̂.9Q¾@O XdC ̂.9Q¾@O XdC ̂.9....@]@]@]@]......... . . . #hWdWO #hWdWO #hWdWO #hWdWO ((((HDA PROCESSOR) 

åOCdU 4WM[O UM[ÁåOCdU 4WM[O UM[ÁåOCdU 4WM[O UM[ÁåOCdU 4WM[O UM[Á, , , , \G\G\G\GQdU .MQdU .MQdU .MQdU .M. . . . EdW[' .T" .MEdW[' .T" .MEdW[' .T" .MEdW[' .T" .M.....W.W.W.W....@]@]@]@]....;];];];]. . . . >]M>]M>]M>]M 

.M.M.M.M.....W.W.W.W....@]@]@]@]....;];];];]././././.M.M.M.M....%O%O%O%O.....W.W.W.W........ 

$"CåOÈ (INh6 412 $"CåOÈ (INh6 412 $"CåOÈ (INh6 412 $"CåOÈ (INh6 412 ((((We4We4We4We4)))) 
E_OL[V# E_OL[V# E_OL[V# E_OL[V# + 91919191----7926915222792691522279269152227926915222////40404040, , , , J�ÊW J�ÊW J�ÊW J�ÊW + 91919191----7926915850792691585079269158507926915850 

' MdQ# ' MdQ# ' MdQ# ' MdQ# nmdesai@sac.isro.gov.in, ritesh@sac.isro.gov.in 
 

M^ËN UáEM^ËN UáEM^ËN UáEM^ËN UáE: 9"2N[G-2, O@[O )!9['M[I] (Radar Altimeter) .9.@]... #hJ�WO (Hazard Detection & Avoidance Processor) 

M̀Ê $TCOB (Soft-Landing), OhTO (Rover), Gd\T6dUG, 6[&@»W .T" 4�>ÄhQ \G4[N (Navigation, Guidance and Control 

System, NGC System), 2 .9 %O W] 4�MO[ (Orbiter High Resolution Camera, OHRC Camera), .Q.9@].W]  4�MO[ 
(Lander Hazard Detection Avoidance Camera LHDAC) 

W[O["UW[O["UW[O["UW[O["U 

&WOh/L[OC 4� $\C MXÙT[4["È] åMUG 9"2N[G-2 4[ \GM[ÁB .T" \T4[W 4[NÁ, &WOh 4� \T\L> 412D M» C]n 6\C Wd 
$IGd Q÷N 4ü 2O TCÁM[G M» $'WO Xe| &W åMUG M» I_BÁC# íTEdU] Q¾@O-OhTO 4h WM[Td\UC å4N[ 6N[ Xe, \;G4h 
4ü 9"2-WCX IO M̀Ê $TCOB (Soft Landing) \T\F O[O[ (C[O[ ;[Nd6[| .4 K[O Q¾@O 4� WJQCM 9"E WCX IO 
íD[IG[ XhGd 4� K[E (WM» \íDC OhTO 9"2 WCX IO (CO4O 9"2M[ FO[CQ 4� \T\L> L[6D M» 7_M-7_M4O TeÉ[\G4D 
O[O[ \GåMÁC \T\L> W"TdE4D O[O[ #[o ;[G4[O] 4h ÌÚT] IO Ld;4O \T\L> #Nh6D 4h $";[M Ed6[| &W Q¾@O 4� O[O[ 
L_ .T" OhTO 4� MÜN W"9[O #B[Q] 4h íD[\IC å4N[ ;[Nd6[| Q¾@O-M[ø_Q 4� WJQC[I_TÁ4 9"2-WCX IO íD[\IC XhGd 
4� CÊIO["C X] 9"2N[G-2 åMUG 4� \T\L> TeÉ[\G4 #Nh6D 4� M̂ËN (ªdëND 4ü IåOI_\CÁ W"LT Xe| $C# &W 4[NÁ 4� 
WJQCM W"I[EG XdĈ \T\L> W"TdE4D 4h #íC[\TC å4N[ 6N[ Xe| 

Q¾@O 4h (W4� I_TÁ-\GF[ÁåOC íD[G IO íD[\IC 4OGd XdĈ, Q¾@O 4h \GNC 6\C .T" åEU[ #E[G 4O4� I�!9[N[ ;[Nd6[| 
&W4� \Q. WTÁ#DM 0\KÁ>O M» %Oh\IC OHRC Camera 4� M[ÜNM Wd \GNC W^O\ÈC íD[G 4[ (g-\TLdEG \9T #[o 
4O4� W^O\ÈC íD[G 4ü 6BG[ 4ü ;[Nd6], åJO .QI]@]W] (LPDC camera) 4� M[ÜNM Wd #[o \9TD 4� M[ÜNM Wd Q¾@O 
4ü T[íC\T4-4[Q 4ü \íD\C 4ü 6BG[ 4ü ;[Nd6] 3O $"C M» .Q.9@].W] (LHDAC camera) 4� M[ÜNM Wd #[o \9TD 
4h OHRC Wd #[o \9TD 4[ åMQ[G 4O4� WKWd W^O\ÈC íD[G IO Q¾@O 4h (C[O[ ;[Nd6[| &G WK \9TD M» U^;CM 
)!9[' CD[ )ÜTÁ-Td6 (Vertical Velocity) 4[ M[IG O@[O )!9['M[I] Wd 4O4� &G WL] 4[Nµ 4h 4[N[Á\ÝTC å4N[ 
;[Nd6[| 

NX WL] \G4[N åMQ4O W[M_åX4 eI M» .9@]. W"TdE4D (Hazard Detection & Avoidance Sensor HDA Sensors) 4[ 
\GM[ÁB 4OCd X¾ .T" &G WL] W"TdE4D O[O[ #[o \9TD/å4OBD 4h T[íC\T4 4[Q M» #CMB 4OGd XdĈ W"W[\FT 4[ G[M 
.9@]. W"W[\FT/#hWdWO (HDA Processor)  

NX #hWdWO WMíC \TTOBD 4� ;GG XdĈ ;eO] W"4�CD 4h W"TdE4D C4 I�!9[4O, (G4[ W"9NG 4O4� T[íC\T4 4[Q 
M» WMíC 6BG[2" 4h #[O"L 4O4� ;eO] \TTOBD 4h .G.;].W]. \G4[N (Navigation Guidance and Control, NGC 
System) C4 I�!9[C[ Xe \;W4� M[ÜNM Wd NGC W"I_BÁ \G4[N 4h W^O\ÈC íD[G IO M̀Ê $TCOB (Soft Landing) 4OGd M» 
WÈM Xh6[| 

#íĈC IT M» .9.@]. #hWdWO 4� $\L4çI, \TÝN[W, #CMB .T" &W4[ $ÝN W"TdE4D 4� W[D 4� $"CO[Ì�D 4[ \TTOB, 
\TíC̀C eI M» #íĈC å4N[ 6N[ Xe| 

#íC[TG[#íC[TG[#íC[TG[#íC[TG[ 
L[OC 4� \OC]N 9"2-åMUG, 9"2N[G-2 4h, &WOh Ld;Gd 4� \Q. \GM[ÁB 4[NÁ .T" \T4[W 9OBD 4h C]n6\C Wd I_BÁ 4OGd 
M» Q6[ �% Xe| 9"2N[G-2 åMUG 4� \Q. .4 \O-5"@]N \TÝN[W 4h $"\CM eI #E[G å4N[ 6N[ Xe \;WM» #DM 5"@ 
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0\KÁ>O N[G (Orbiter Craft) 4[ Xh6[ ;Kå4 \OC]N 5"@ Q¾@O N[G (Lander Craft) 4[ Xh6[| Q¾@O-N[G 4� $"EO &WOh 
\GåMÁC .4 OhTO L] Xh6[ ;hå4 9"2 WCX IO \T\L> TeÉ[\G4 #Nh6D 4h $";[M Ed6[| \9T-1 M» 0\KÁ>O-Q¾@O OhTO 4� 
\TÝN[W 4h EU[ÁN[ 6N[ Xe| 

 

\9T\9T\9T\9T----1111: 0\KÁ>O0\KÁ>O0\KÁ>O0\KÁ>O----Q¾@OQ¾@OQ¾@OQ¾@O––––OhTO 4[ W"NF̂ \TÝN[WOhTO 4[ W"NF̂ \TÝN[WOhTO 4[ W"NF̂ \TÝN[WOhTO 4[ W"NF̂ \TÝN[W 

Q¾@O 4h \T\L> (ªdëND 4ü IåOI_\CÁ XdĈ W^O\ÈC íD[GD 4[ 9̂G[T I_TÁ \GF[ÁåOC å4N[ ;[ 9̂4[ Xe| $C# Q¾@O 4h (W] 
W^O\ÈC íD[G IO (C[OGd XdĈ \GNC WMN IO CN 6\C #E[G 4OG[ $ÙN"C %TëN4 Xe| Q¾@O 4� W"I_BÁ ID-\TÝN[W 
4h \9T W"ËN[-2 4� M[ÜNM Wd EU[ÁN[ 6N[ Xe| &WM» M̂ËNC# \GãG\Q\5C 9OB XD6d# 
1. 100 å4M] x 100 å4M]. 4È[ 
2. 100 å4M]. Wd Q¾@O 4[ 0\KÁ>O Wd ÌD¦OB 

3. 100 å4M]. Wd 18 å4M]. Q¾@O 4[ ID 

4. 18 å4M]. Wd 74 å4M]. C4 OJ údå4�6 J�; 

5. 7.4 å4M]. Wd 5.9 å4M]. C4 \T\L> W"TdE4D O[O[ ID 6BG[ 
6. 5.9 å4M]. Wd 110 M]. C4 IåOU^; ID-6BG[ IO Q¾@O 4[ 6MG 

7. 100 M]. IO Q¾@O XhTåO"6 .T" W^O\ÈC íD[G 6BG[ 
8. 100 M]. Wd 2 M]. C4 Q¾@O 4h W^O\ÈC íD[G 4� )IO I�!9[G[ 
9. 2 M]. Wd Q¾@O 4[ M̀Ê $TCOB 4[ $"\CM 9OB .T" WCX IO W^O\ÈC (COG[ 

9_!å4 Q¾@O 4h \KG[ å4W] M[GT-XíCÈdI 4� X] íT9[\QC #\CN[ 4� M[ÜNM Wd X] WMíC 4[Nµ 4[ íTN" \GT[ÁX 4OG[ 
Xe $C# Q¾O 4� WMíC W"TdE4D 4[ NX MXÙTI_BÁ .T" .4EM IåOU^; 4[NÁ XhG[ 9[åX. å4 Th Q¾@O 4h M̀Ê .T" W^O\ÈC 
$TCOB (Soft & Safe Landing) O[O[ 9"2-WCX IO (C[O Ed| Q¾@O 4� W"TdE4D 4� M[ÜNM Wd \GãG\Q\5C K[CD 4[ 
U^;CM \TTOB #[o XhG[ 9[åX. ;hå4 HDA JQG-\T\F (HDA-Algorithm) 4� M^ËN 7>4 Xe# 

1. Q¾@O 4� G]9d 4h' L] $TOhF GXù %G[ 9[åX.| 
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2. Q¾@O :[N[ T[Qd ÈdT M» GXù (COG[ 9[åX., GXù Ch Q¾@O 4� WhQO-IeGQ );[Á 4[ %TëN4 ;GG GXù 4O 
I[N»6d| 

3. Q¾@O å4W] L] A[Q IO (>15°) GXù (COG[ 9[åX., GXù Ch OhTO 4h K[XO \G4QGd M» åE¦C Xh W4C] Xe N[ 
Q¾@ON[G IQ> L] W4C[ Xe| 

 

\9T\9T\9T\9T----2222: 9"2N[G9"2N[G9"2N[G9"2N[G----2 2 2 2 Q¾@O 4[ ID Q¾@O 4[ ID Q¾@O 4[ ID Q¾@O 4[ ID ----    \TÝN[W\TÝN[W\TÝN[W\TÝN[W    
 

&G WL] (ªdëND 4ü #[\o $\C U^; .T" ;å>Q W"\CN[2" 4� M[ÜNM Wd HDA #hWdWO M» %Oh\IC 4O4� 
T[íC\T4/\G4> T[íC\T4 4[Q M» Q¾@O 4� I_TÁ \GF[ÁåOC (COGd 4ü ;6X T[C[TOB, $TOhFD 4ü \TL[2", åEU[ CD[ 
\íD\C 4[ WX] %"4QG 4O4� å4N[ ;[ W4C[ Xe| &G %!4tD 4[ #Nh6 4O4� NGC \G4[N, Q¾@O 4h M̀Ê .T" W^O\ÈC 
$TCOB 4OGd M» WXNh6 #E[G 4Od6[| (COGd 4� WMN M» &G %!4tD 4[ T[íC\T4/\G4>-T[íC\T4 4[Q M» 
íT\GF[ÁOB-\TF[ Wd IåOU^; %"4QG 4OG[ $ÙN"C %TëN4 4[NÁ Xe| (IOhF WL] HDA JQG-\T\F 4[Nµ 4ü I_\CÁ 
XdĈ Q¾@O M» \GãG\Q\5C G]CL[OD 4[ WM[TdU Xh6[# 
1. OHRS 4�MO[ (0\KÁ>O 5"@) 
2. Ku-band  O@[O )!9['M[I] (Ku-band Radar Altimeter)  

3. Q¾@O LPDC 4�MO[ (Lander Position Detection Camera) 

4. Q¾@O HDA 4�MO[ (Lander Hazard  Detection & Avoidance Camera) 
 

(IOhF WL] W"TdE4D 4h 0GKh@Á #hWdWO (Onboard HDA Processor) O[O[ $"CO[Ì� #E[G å4N[ 6N[ Xe CD[ NX 
HDA Processor WMíC ;å>Q #CMBD 4h T[íC\T4/\G4>-T[íC\T4 4[Q M» I_BÁ 4O4� MXÙTI_BÁ %!4tD 4h NGC 
C4 I�!9[Gd M» WÈM Xh6[| HDA #hWdWO NGC CD[ $ÝN W"TdE4D 4� $"CO[Ì�D 4h \9T W"ËN[-3 M» EU[ÁN[ 6N[ Xe| 

....9999....@]@]@]@]......... (. (. (. (HDA) #hWdWO 4[ \TÝN[W#hWdWO 4[ \TÝN[W#hWdWO 4[ \TÝN[W#hWdWO 4[ \TÝN[W----\TTOB\TTOB\TTOB\TTOB 

.9.@]... (HDA) #hWdWO, ;h å4 0GKh@Á %!4td #CMB (W"W[\FT) (Onboard Data Processing Unit) \G4[N 4[ (I5"@ 
Xe .T" \;W4h \O-.J.I].;]... %F[åOC Kh@Á 4� .4 .J.I].;]... M» %Oh\IC å4N[ ;[ OX[ Xe, 4[ \T4[W-9OB Kh@Á 
(Development Model) 4h \9T W"ËN[-4 M» EU[ÁN[ 6N[ Xe| Eh .J.I].;]... 4� $Q[T[ &W Kh@Á M» .M.%O..W.../We4 
O[O[ \GåMÁC .4 .\W4 L] Xe| &W .\W4 4� M[ÜNM Wd .T" )!9['M[I] 4� .J.I].;]... Wd G]CL[O \GN"T4 (Payload 
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Converter) 4[ \T4[W å4N[ 6N[ Xe \;W4� M[ÜNM Wd WL] \GN"TB W"4�CD 4[ ;GG .T" NGC 4[ 1553 KW Wd W"4�CD 
.T" %!4tD 4[ %E[G-#E[G XhC[ Xe| &W \G4[N M» E_WO[ $ÙN"C %TëN4 \G4[N $"4üN 9IÁ ;\GC (Digital Chip 

Generator) Xe ;hå4 O@[O )!9['M[I] 4� \Q. %TëN4 K¾@-IO[W 4[ 9IÁ W"4�C ;GG 4OC[ Xe| &WM» Eh ..@].W]. 
(Analog to Digital Converter) 4[ L] WM[TdU å4N[ 6N[ Xe ;hå4 )!9['M[I] @].I].N_. (Data Processing Unit) XdĈ 
$\L'[X] Wd W"4�CD 4h 'XB 4O4� $'L[6 KGC[ Xe| 

 

 
\9T \9T \9T \9T ----3333: : : : .9.9.9.9. . . . @]@]@]@]. . . . ..... . . . W"W[\�C W"W[\�C W"W[\�C W"W[\�C ((((HDA PHDA PHDA PHDA PRRRROCESSOOCESSOOCESSOOCESSORRRR) ) ) ) 4[ áQ[4 %Od5 .T" $ÝN4[ áQ[4 %Od5 .T" $ÝN4[ áQ[4 %Od5 .T" $ÝN4[ áQ[4 %Od5 .T" $ÝN W"TdE4D Wd $ÝCO[I�̀ W"TdE4D Wd $ÝCO[I�̀ W"TdE4D Wd $ÝCO[I�̀ W"TdE4D Wd $ÝCO[I�̀ 

 

.9.@]... #hWdWO (HDA Processor) 4[ .J.I].;]..., .Q.I].@].W]., .Q..9. @e4 (LPX & LHDAC) CD[ K].@]..9. 
(Baseband Data Hardling) \G4[N 4� W[D %TëN4 $"CO[Ì� 4[ \GM[ÁB 4OCd X¾| &W4� $Q[T[ T[íC\T4 4[Q M» 
#4[U]N W"4�CD Wd #[o \9TD 4h CD[ W"ELÁ-\9TD (DHRC L LRD) 4� W"9NG 4[ 4[NÁ .9.@]... (HDA Processor) Wd ;^td 
%O.>]MW (RTIMS) ¥�U C"T M» å4N[ ;[Nd6[ CD[ T[íC\T4 4[Q M» #CMB 4[ 4[NÁ .W.@]. OeM (SDRAM) 4� M[ÜNM 
Wd 4[N[Á\ÝTC å4N[ ;[C[ Xe|  

WMíC W"\9C \9TD 4h WJQ $TCOB 4� Ië9[C RTIMS/SDRAM Wd \G4[Q4O 1553-NGC/BDH O[O[ ÌÚT] IO 
#d\VC 4O E] ;[Nd6]| 

Q¾@O 4� Q¾å@"6 4ü Nh;G[Q¾@O 4� Q¾å@"6 4ü Nh;G[Q¾@O 4� Q¾å@"6 4ü Nh;G[Q¾@O 4� Q¾å@"6 4ü Nh;G[ 
9"2N[G-2 4� Q¾@O 4� Q¾å@"6 4ü Nh;G[ 4[ \TCOB \9T-5 M» EU[ÁN[ 6N[ Xe| &WM» WTÁ#DM #Mh9G 4� IXQd LRO-

NAC Wd #[o 16 å4M]. X 3 å4M]. 4� \9T M» Wd #M^5 M̂ËN \9ÝXD 4� 4�>Q[6 4h HDA #hWdWO 4� RTIMS MdMhO] M» 
W^O\ÈC O5 åEN[ ;[Nd6[| CE^IO["C #Mh9G 4� Ië9[C OHRC Wd #[o (g-\TLdEG T[Qd \9TD 4h L_ IO #d\VC 4O4� 
(WM» Wd M̂ËN \9TD 4h \G4[Q4O HDA #hWdWO 4� RTIMS M» $IQh@ 4O åEN[ ;[Nd6[| &ÝXù \9TD M» W^O\ÈC \'@D 
(Safe Grid) 4ü ;[G4[O] \GåXC OXd6] CD[ Q¾@O 4h &ÝXù W^O\ÈC \'@D M» Wd .4 \'@ M» (C[O[ ;[Nd6[| NX WK 4[NÁ 
WMíC W"ELÁ \9TD 4� W^MdQG (Reference Image Matching) Wd 4ü ;[Nd6]| .4 K[O \9TD 4� M̂ËN \9ÝXD 4� åMQ[I Xh 
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;[Gd IO Q¾@O 4h NGC O[O[ WX] åEU[ M» 6"CêN C4 (IN^F I_TÁ-\GF[ÁåOC 6\C M» (C[O-9A[T 4O4� WX] íD[G IO 
M̀Ê $TCOB å4N[ ;[Nd6[| 

 

 

\9T \9T \9T \9T ----4444: : : : .9.9.9.9. . . . @]@]@]@]. . . . ..... . . . W"W[\�C W"W[\�C W"W[\�C W"W[\�C ((((HDA PHDA PHDA PHDA PRRRROCESSOOCESSOOCESSOOCESSORRRR) ) ) ) 4[ \T4[W 94[ \T4[W 94[ \T4[W 94[ \T4[W 9OB Mf@Q OB Mf@Q OB Mf@Q OB Mf@Q ((((DDDDVVVVMMMM)))) 

 
\9T\9T\9T\9T----5 5 5 5 9"2N[G9"2N[G9"2N[G9"2N[G----2 2 2 2 Q¾@O 4� Q¾å@"6 4ü Nh;G[Q¾@O 4� Q¾å@"6 4ü Nh;G[Q¾@O 4� Q¾å@"6 4ü Nh;G[Q¾@O 4� Q¾å@"6 4ü Nh;G[ 

W[OB]W[OB]W[OB]W[OB]----1111: %!4td W"W[\FT &4[' 4� #M5̂ \T\GE¼U%!4td W"W[\FT &4[' 4� #M5̂ \T\GE¼U%!4td W"W[\FT &4[' 4� #M5̂ \T\GE¼U%!4td W"W[\FT &4[' 4� #M5̂ \T\GE¼U 

%!4td W"W[\FT &4[' %!4td W"W[\FT &4[' %!4td W"W[\FT &4[' %!4td W"W[\FT &4[' ((((Data Processing Unit,DPU) 

\T\GE¼U\T\GE¼U\T\GE¼U\T\GE¼U 
4[4[4[4[----    K¾@ )!9['M[I]K¾@ )!9['M[I]K¾@ )!9['M[I]K¾@ )!9['M[I] 
((((Ka-band Altimeter)))) 

.9.9.9.9. . . . @]@]@]@]. . . . ..... . . . W"W[\FTW"W[\FTW"W[\FTW"W[\FT 

((((HDA    Processor) 

%!4td %!4td %!4td %!4td ((((Data)))) )!9[' M[I] %!4td 
.Q. I]. @]. W]. (LPDC) .T" .Q. .9. @e4. (LHDAC) 

4�MO[ %!4td 
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W"W[\FT W"W[\FT W"W[\FT W"W[\FT ((((Processing)))) 

C]n J�åONd eI["COB (Fast Fourier 
Transform), åJçCOB (Filtering), 
)!9[' 4ü 6BG[, (ÜTÁ-6\C 4ü 

6BG[ 
%"4@D 4ü W"ËN[%"4@D 4ü W"ËN[%"4@D 4ü W"ËN[%"4@D 4ü W"ËN[ = ~250000 to 15 

C�>O \GF[ÁOB, C�>O 4124 M[IG, WÝELÁ MdQ 
(Reference Matching), \9T í4�\Q"6, 7̂M[T, C�>O/ 

Kiç@O 4[ IC[ Q6[G[, C�>O 4�>[Qh6 KG[G[, W^O\ÈC 
íD[G 4[ IC[ Q6[G[ &ÙN[åE 

NGC 4h \GTdU4h \GTdU4h \GTdU4h \GTdU 
)!9[', (ÜTÁ-6\C 

Altitude and Vertical Velocity 

\9T 4� 4�Ý2 .T" 4hGD 4� Lat/Long #E[G 4OG[, 
W^O\ÈC \'@ 4[ Lat/Long (XhTåO"6 9OB M» #E[G 

4OG[) 

.J.J.J.J. . . . I]I]I]I]. . . . ;];];];]. . . . ..... . . . W"W[\FT W"W[\FT W"W[\FT W"W[\FT 
4[Q4[Q4[Q4[Q 

((((FPGA Processing Time)))) 

• )!9[' ~ 500 ms-1s. 

• (ÜTÁ-6\C ~ 500 ms-1s. 

• íD[G .T" E_O] 4[ IC[ Q6[G[ íD[G .T" E_O] 4[ IC[ Q6[G[ íD[G .T" E_O] 4[ IC[ Q6[G[ íD[G .T" E_O] 4[ IC[ Q6[G[ (7 km ± 2.5 

km):  ~5 s (Q÷N) 

• XhTåO"6 9OBXhTåO"6 9OBXhTåO"6 9OBXhTåO"6 9OB :W^WŴ^W^O\ÈC \'@ 4[ O\ÈC \'@ 4[ O\ÈC \'@ 4[ O\ÈC \'@ 4[ Lat/Long : ~5 

s (Q÷N) 

 

%!4t» W"W[\FT &4[' %!4t» W"W[\FT &4[' %!4t» W"W[\FT &4[' %!4t» W"W[\FT &4[' ((((Data Processing Unit) 

\O-%!4tD W"W[\FT &4[' (DPU) %F[åOC &W Kh@Á 4� M̂ËN \T\GE¼UD 4h W[OB]-1 4� M[ÜNM Wd EU[ÁN[ 6N[ Xe| Ka-

K¾@ )!9['M[I] .T" .9.@]... W"W[\FTD M» CMU# O@[O )!9['M[I] (Radar Altimeter) .T" LPDC CD[ LHDAC Wd #[o 
%!4tD 4h Ld;[ ;[Nd6[| #DM DPU #hWdWO M» C]n J�åONd eI["COB, åJçCOB, )!9[' 4ü 6BG[ CD[ )ÜTÁ-6\C 
(Vertical  Velocity) 4ü 6BG[ XdĈ (IN^F W"W[\FT M[ø_QD 4[ %OhIB å4N[ ;[ OX[ Xe ;X[! IO T[íC\T4/\G4> 
T[íC\T4 4[Q M» Q6L6 2,50,000 Wd Qd4O 15 %!4tD 4[ W"W[FG å4N[ ;[Nd6[ .T" CÊIO["C NGC 4h Q¾@O 4ü 
IåOU^; )!9[' CD[ )ÜTÁ-6\C #E[G 4ü ;[Nd6] 3O &G4ü 6BG[ M» CMU# 500ms Wd 1 Wd4�@ 4[ WMN Q6d6[| 
 

.9.@].. #hWdWO LPDC  .T"  LHDAC 4�MO[ Wd #[o %"4tD Wd C�>O \GF[ÁOB, C�>O 4124 M[IG, W"ELÁ MdQ, \9T í4�\Q"6, 

7̂M[T C�>O| Khç@O 4[ IC[ Q6[G[, C�>O 4�>Qf6 KG[G[, W^O\ÈC íD[G 4[ IC[ Q6[G[ &ÙN[åE Xe \;W4� O[O[ #[o 
T[íC\T4 4[Q \9TD 4� 412 .T" 4hGD 4� Lat/Long #E[G 4Od6[ CD[ XhTåO"6 9OB M» W^O\ÈC \'@ 4[ Lat/Long #E[G 
4Od6[| LPDC  CD[  LHDAC 4�MO[  Wd #[o %"4@D O[O[ (IOhF M[GD 4� ;GG 4� \Q. JQG-\T\FND 4h \GãG\Q\5C 
#\CN[ O[O[ W"I_BÁ å4N[ ;[C[ Xe| 

\9T \9T \9T \9T ----6666: : : : .Q.Q.Q.Q. . . . I]I]I]I]. . . . @]@]@]@]. . . . W]W]W]W]. . . . 4�4�4�4�MO[ Wd #[o \9T 4ü JQGMO[ Wd #[o \9T 4ü JQGMO[ Wd #[o \9T 4ü JQGMO[ Wd #[o \9T 4ü JQG----\T\F\T\F\T\F\T\F 
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.9.9.9.9....@]@]@]@]..... #hWdWO . #hWdWO . #hWdWO . #hWdWO ((((HDA) 4ü JQG4ü JQG4ü JQG4ü JQG----\T\F\T\F\T\F\T\F 

LPDC 4�MO[ %"4t» M̂ËNC: Q¾@O 4[ I_TÁ-\GF[ÁåOC 6MG-ID IO Q¾@O 4h (\9C 6\C #E[G 4O4� WÔ\ÈC íD[G-IO 
M̀Ê-$TCOB 4O[Gd XdĈ, XhTåO"6 9OB (Hovering Stage) M» I�!9[G[ Xe| WTÁ#DM &W JQG-\T\F M» LPDC 4�MO 4� O[O[ 7 
å4.M]. )!9[' IO #[o T[íC\T4 4[Q \9TD Wd M̂ËN-\9"XD .T" C�>O 4�>Qf6 4[ ;GG 4OC[ Xe \;W4� \Q. )!9[', Q¾@O 
4ü $G^M[\GC \íD\C CD[ LRO-NAC  4[ W"ELÁ 4�>Qf6 #N̂F XhC[ Xe| .4 K[O MIËN \9ÝXD 4h ;GG 4O4� W"ELÁ-
4�>Qf6 4� M̂ËN \9ÝXD Wd åMQ[G å4N[ ;[C[ Xe| HDA #hWdWO &G WL] 4[Nµ 4h Q6L6 5 W»4@ (Q÷N) M» 4OGd M» 
WÈM Xh6[| .4 K[O M̂ËN-\9ÝXD 4� åMQ[G Xh ;[Gd IO Qe@O 4ü ND[\íD\C 4ü ;[G4[O], WMN 4� W[D, NGC 4h Ld;] 
;[.6]| CÊIO["C HDA #hWdWO LPDC 4�MO[ Wd \OC]N \9T 4h $\;ÁC 4O4� ÎG:(IOhF JQG-\T\F 4h EhXO[.6[| &G 
EhGD 6BG[ å4. 6. Lat/Long 4� M[GD Wd Q¾@O 4� åEU[ 4ü 6BG[ 4ü ;[.6] CD[ NX ;[G4[O] L] NGC 4h I�!9[N] 
;[.6]| NGC &G ;[G4[åOND 4� %F[O IO Q¾@O 4h ˜110 M]. 4ü )!9[' IO \GF[ÁåOC 6\C 4� W[D WX] WMN IO 
I�9[Nd6[| \9T-6 M» .Q.I].@].W] 4�MO[ Wd #[o \9T 4ü JQG-\T\F 4h EU[ÁN[ 6N[ Xe| 

 

 

\9T \9T \9T \9T ----7777: : : : .Q.Q.Q.Q. . . . .9.9.9.9. . . . @e4@e4@e4@e4. . . . LHDAC LHDAC LHDAC LHDAC 4�MO[ Wd #[o \9T 4ü JQG4�MO[ Wd #[o \9T 4ü JQG4�MO[ Wd #[o \9T 4ü JQG4�MO[ Wd #[o \9T 4ü JQG----\T\F\T\F\T\F\T\F 

 

.Q..9.@e4 (LHDAC) 4�MO[ Wd #[o \9TD M» W"ELÁ \9TD Wd åMQ[G LPDC 4�MO[ 4ü JQG-\T\F 4� $ĜW[O X] å4N[ ;[C[ 
Xe, &WM» M̂ËN $"CO NX Xe å4 LPDC 4�MO[ M» LRO 4� W"ELÁ \9TD 4[ #Nh6 XhC[ Xe| ;Kå4 LHDAC 4�MO[ M» OHRCC 4�MO[ 
Wd #[o (g-\TLdEG W"ELÁ \9TD 4h #N^F å4N[ ;[C[ Xe LHDAC O[O[ XhTåO"6 9OB M» W^O\ÈC ÈdT 4ü JQG-\T\F 4h 
\9T-7 4� M[ÜNM Wd åE5[N[ 6N[ Xe|  

&W 9OB M» $6O Q¾@O (IN^F ;6X IO GXù I�!9 I[N[ Ch (W WMN WM["CO #\CN[ O[O[ W^O\ÈC ÈdT 4ü 6BG[ 4ü 
;[.6] 3O &G WK #\CN[2" 4� (IO["C NGC 4h W^O\ÈC \'@ 4[ Lat/Long #E[G å4N[ ;[.6[ 3O NGC Q¾@O 4h 
W^O\ÈC \'@ 4� )IO I�!9 Retroroclcects  4h #ÑT\QC 4O4� )ÜTÁ-6\C U_ÝN C4 I�!9[ Ed6[ 3O Q¾@O 4h 2 M]. C4 
Q[4O WMíC \G4[ND 4h K"E 4O4� 9"2 4� 6̂�ÙT[4VÁB 4� $"C6ÁC 2 M].Wd  M̂F eI M» Q[4O W^O\ÈC 9"2 WCX IO 
(C[O Ed6[| 
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अंत�र� उपयोग क� � / �वकास एवं शै��क संचार यूिनट, इसरो, अंत�र� �वभाग, अहमदाबाद  136 

 

 

\9T W"ËN[ \9T W"ËN[ \9T W"ËN[ \9T W"ËN[ ----8 8 8 8 M» M» M» M» LPDC     .T" .T" .T" .T" LHDAC     4�MO[ 4� $G4̂OB4�MO[ 4� $G4̂OB4�MO[ 4� $G4̂OB4�MO[ 4� $G4̂OB 

#Nh6U[Q[ íD[IG[ .T" IåOB[M#Nh6U[Q[ íD[IG[ .T" IåOB[M#Nh6U[Q[ íD[IG[ .T" IåOB[M#Nh6U[Q[ íD[IG[ .T" IåOB[M 

IåOB[MD 4h åE5[N[ 6N[ Xe| &WM» WTÁ#DM W"ELÁ .T" 7̂M[. 6. \9TD (LRO Camera)  4� M[ÜNM Wd C�>O \GF[ÁOB 4O4� 
\GãG[G^W[O %4_\CND 4[ \GM[ÁB å4N[ 6N[| 9_!å4 å4W] L] \TL̂; 4� %"CåO4 4hBD 4[ M[G )!9[' Wd I_BÁCN[ M̂F 
XhC[ Xe $C: &G EhGD \9TD M» 4' \TL̂;D 4h KG[4O (G4� %"CåO4 4hBD 4[ åMQ[G å4N[ 6N[| ;eWd X] EhGD \9TD M» 
.4-WM[G 4hBD 4[ åMQ[G Xh ;[C[ Xe Ch TX[! IO M̂ËN-\9ÝXD 4� W"9[\QC å4. 6. look up table  Wd Lat/Long 4ü 
M[GD 4[ IC[ 9Q ;[C[ Xe| .4 K[O Lat/Long 4[ IC[ 9QGd IO \9T-u�M 4� 412 .T" 4hGD 4� Lat/Long 4ü 6BG[ 
WJQC[I_TÁ4 4O Q] ;[C] Xe| Lat/Long 4� NX] M[G NGC  \G4[N 4h HDA DPU Wd Altimeter DPU .T" 1553 KW 4� 
O[O[ I�!9[ åE. ;[Cd X¾| &G M[GD 4� %F[O IO NGC 4h Q¾@O 4ü ND[\íD\C 4[ \TTOB #[o Xh ;[C[ Xe CD[ Q¾@O 4h 
(IN^F 6\C #E[G 4O4� W^O\ÈC íD[G IO $TCOB å4N[ ;[ W4�6[| 

 

\9T \9T \9T \9T ----9999: : : : Q¾@O 4� Èe\C; 6\C 4[ M[G \GF[ÁOB XdC ̂#Nh6U[Q[ íD[IG[Q¾@O 4� Èe\C; 6\C 4[ M[G \GF[ÁOB XdC ̂#Nh6U[Q[ íD[IG[Q¾@O 4� Èe\C; 6\C 4[ M[G \GF[ÁOB XdC ̂#Nh6U[Q[ íD[IG[Q¾@O 4� Èe\C; 6\C 4[ M[G \GF[ÁOB XdC ̂#Nh6U[Q[ íD[IG[ 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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Q¾@O 4� ÈeQ¾@O 4� ÈeQ¾@O 4� ÈeQ¾@O 4� Èe\C; 6\C \C; 6\C \C; 6\C \C; 6\C ((((Horizontal Velocity)     4[ #Nh6 .T" IåOB[M4[ #Nh6 .T" IåOB[M4[ #Nh6 .T" IåOB[M4[ #Nh6 .T" IåOB[M 

Q¾@O 4� Èe\C; 6\C 4[ M[G \GF[ÁOB 4OGd 4� #Nh6 4ü íD[IG[ 4h \9T -9 M» EU[ÁN[ 6N[ Xe|&W #Nh6 M» #4[U]N-
4�MO[ 4h .4 í>¾@, \;W4ü 6\C 750 åMM]./åMG> D], IO Q6[4O E]T[O IO \9I4� .4 \9T 4ü #ÙNd4 5 Wd4�@ M» .4 
\9T 5ù9] 6N]| &G WL] #[o 6 \9TD M» W^Md\QC #\CN[ 4� O[O[ \9TD 4� W^MdQG coefficients 4[ M[G \G4[Q[ 6N[| 
&G M[GD 4� O[O[ #ÙNd4 \9TD 4� MÜNM 4WQ Pixel  M» $"CO 4h M[I[ 6N[ CD[ #ÙNd4 \9TD 4� M[ÜNM 4WQ Pixel  4� 
Resolution 4� %F[O IO XO Eh \9TD 4� MÜN E_O] 4ü 6BG[ 4ü 6N]| 

 

M[G[ Eh \9TD 4� MÜN E_O] =  d1 

CD[ Eh \9TD 4� MÜN WMN =  t1 

CK Èe\C; 6\C    Vh = (d1/t1) 

\9T-10 M» Eh \9TD 4� MÜN É[C å4. 6. W^MdQG #\CN[ O[O[ Q¾@O 4� Èe\C; 6\C 4� M[IG 4ü #\CN[ 4h EU[ÁN[ 
6N[ Xe| W[OB]-2 .T" W[OB]-3 M» \9TD M» \IÊWdQ (Pixel)  4� $"CO CD[ M[I] 6N] Èe\C; 6\C 4� Meå>ÄÊW(Matrix) 4h 
EU[ÁN[ 6N[ Xe| 

W[OB] W[OB] W[OB] W[OB] ––––    2222: : : : \9TD M» \IÊWdQ \9TD M» \IÊWdQ \9TD M» \IÊWdQ \9TD M» \IÊWdQ ((((PixelPixelPixelPixel) ) ) ) 4[ $"CO4[ $"CO4[ $"CO4[ $"CO 

 

W[OB] W[OB] W[OB] W[OB] ––––    3333: : : : M[I] 6N] Èe\CM[I] 6N] Èe\CM[I] 6N] Èe\CM[I] 6N] Èe\C; 6\C ; 6\C ; 6\C ; 6\C ((((Horizontal Horizontal Horizontal Horizontal VVVVelocitelocitelocitelocityyyy)))) 

IåOB[MIåOB[MIåOB[MIåOB[M – W[OB]-2 .T" W[OB]-3 4� O[O[ 
#ÙNd4 \IÊWQ 4[ %4[O = 0.1716 åMM]. (4�MO[ \TLdEG) 
$\F4CM $U^\; =|($G^M[\GC M[G – $\F4CM 6BG[)| 
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     =5.3402 åMM]/åMG> 

    = 0.089 åMM]./Wd. 
    = 0.52 \IÊWQ 

$C: $ÙN[\F4 $U^\; M[G = 0.6 \IÊWQ 

&W\Q. 0.6 \IÊWQ C4 U^\; Èe\C; 6\C 4ü 6BG[| &W \TF[ O[O[ WJQC[I_TÁ4 4ü ;[ W4C] Xe| 

(IW"X[O(IW"X[O(IW"X[O(IW"X[O 

&W IT 4� M[ÜNM Wd &WOh/L[OC 4� #DM Q¾@O åMUG 4� M̀Ê-$TCOB XdĈ (>C C4G]å4ND Wd QeW, íTEdU \GåMÁC 
.9.@] #hWdWO 4� \GM[ÁB 4[ \TíC̀C TBÁG å4N[ 6N[ Xe| &GM» WM[åXC 9̂Gi\CND 4h I[O 4O4� .T" (g C4G]4ü 4� 
.J.I].;].., RTIMS &ÙN[åE 4[ #Nh6 4O4� EdU 4� $"CåOÈ TeÉ[\G4 åMUGD 4h I_BÁ 4OGd M» .4 MXÙTI_BÁ 4EM 
Xh6[| WMíC 4[Nµ 4h T[íC\T4/\G4>-T[íC\T4 4[Q M» W"I_BÁ 4O4�, 6BG[2" 4h NGC  4h #E[G 4O4�, NX 4[NÁ 
WJQC[I_TÁ4 W"I[åEC 4ü ;[.6]| &W Q¾@O 4� M̀E^-$TCOB 4� WJQCM 4[NÁ 4� (IO["C EdU M» \GåMÁC .T" OhTO M» 
%Oh\IC MXÙTI_BÁ TeÉ[\G4 $G^W"F[GD Wd XMd 9"2 4� K[Od M» 3O L] 4' MîÙTI_BÁ \TTOB #[o XD6d| &W åMUG 4ü 
WJQC[ L\TìN 4� $ÝN 'XD/(I'XD IO ;[Gd M» L] &WOh/L[OC 4� \Q. .4 G. %N[M 3O M[6Á 4h #UíC 4O Ed6]| 

%L[O%L[O%L[O%L[O 

Qd54 .T" .M..W.@].;] >]M &W 4[Nµ 4h 4OGd 4� \Q. åE. 6. Ŵ$TWO #hÙW[XG .T" åEU[-\GE¼U 4� \Q. Å] %. W]. 
å4OG 4WM[O ( $ÜNÈ, &WOh ), Å] CIG åMÅ[ (\GEdU4, We4), 4[ CXdåEQ Wd %L[O #4> 4OCd X¾| XM 
Å].K].%O.O[;I_C, TåO� åX"E] $\F4[O] CD[ åX"E] 4È 4� WL] WX4åMÁND 4[ %L[O #4> 4OCd X¾, \;ÝXDGd &W IT 4� 
>"4B M» $IG[ WXNh6 #E[G å4N[| 

$"C M» XM .M..W.@].;] 4� WL] TeÉ[\G4D, $\LN"C[2", WX4åMÁND, We4/&WOh 4� CåMND CD[ WMíC &WOh IåOT[O 4� 
4åMÁND 4� %L[O] Xe| 

************
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W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6 

O@[O XdC ̂êN[I4ü L_O@[O XdC ̂êN[I4ü L_O@[O XdC ̂êN[I4ü L_O@[O XdC ̂êN[I4ü L_----IO]ÈB #B[Q]IO]ÈB #B[Q]IO]ÈB #B[Q]IO]ÈB #B[Q] 
(Generic Ground Checkout Unit for RADARs) 

å4å4å4å4OQ K] 7hE[2[OQ K] 7hE[2[OQ K] 7hE[2[OQ K] 7hE[2[, , , , M[FT E[M[FT E[M[FT E[M[FT E[WWWW, $\LVd$\LVd$\LVd$\LVd4 4WB[Q4 4WB[Q4 4WB[Q4 4WB[Q, , , , åXM["U ̂I>dQåXM["U ̂I>dQåXM["U ̂I>dQåXM["U ̂I>dQ, , , , K] .W O[MGK] .W O[MGK] .W O[MGK] .W O[MG, , , , \GQdU .M\GQdU .M\GQdU .M\GQdU .M. . . . EdW[' EdW[' EdW[' EdW['  
.M.M.M.M.....W.W.W.W....W]W]W]W]....&&&&....@]@]@]@]////.M.M.M.M.....W.W.W.W....@]@]@]@]....;];];];]././././.M.M.M.M....%O%O%O%O.....W.W.W.W........ 

$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412, &WOh&WOh&WOh&WOh, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E----380015380015380015380015, L[OCL[OCL[OCL[OC    
'MdQ'MdQ'MdQ'MdQ----    {nmdesai, kiral, madhavdas}@sac.isro.gov.in  

 

M_Q UáE : L_-IO]ÈB #B[Q](Ground  checkout  unit),  $"4üN (IC"T (Digital Subsystem), G]CL[O \GN"T4 (PayLoad 

Controller), $"4üN 9IÁ ;\GT (Digital Chirp Generator), @[>[ $;ÁG 3O W"I]@G #B[Q] (Data Acquisition and 

Compression System) 
 

IåO9NIåO9NIåO9NIåO9N: : : :     
L[OC]N $"CåOÈ $G^W"F[G W"6?G Gd 4' $"CåOÈ T[åXC O@[O G]CL[Oh 4[ #9[\Q4OB   WJQC[I_TÁ4 å4N[ Xe 3O 
&G L_–#dÈB (I'XD  Wd $\;ÁC @[>[ 4h \T\L> TeÉ[\G4 3O W[M[\;4 (INh6D 4� \Q. #Nh6 å4N[ Xe| &G O@[O 
G]CL[OD 4ü WJQC[ 4[ ÅdN &G4ü T̀\F4[O IåOÈB 3O $\LQ[È[GG 4h ;[C[ Xe| &G G]CL[OD 4� W\ãMÅ 3O 
W"WF $"4üN (IC"Th 4[ IO]ÈB &G-Xf(W \T4\WC L_-IO]ÈB #B[Q] Wd å4N[ 6N[ Xe| $"CåOÈ (INh6 412 4� W_÷M 
CO"6 W^E_O W"TdE4 ÈdT Gd &G O@[O G]CL[OD 4� \Q. êN[I4ü L_-IO]ÈB #B[Q] 4[ \T4[W å4N[ Xe| L_-IO]ÈB #B[Q] 
&G G]CL[OD 4� #ÙNd4 íI"E ÎGO[TCÁG %T̀\Ç 4[ $\LQ[È[GG 4O W4C[ Xe| L_-IO]ÈB #B[Q] 2G Kh@Á C"T 4� 
W"I[EG M» \T9QG 3O IåOTCÁG W"W_9G M» WÈM Xe T T̂å>N̂F \GTdU 4[ $G^4OB 4O W4C[ Xe| NX IT L_-IO]ÈB 
#B[Q] 4� $\L4çI 3O \T4[W 4ü $\LM̂5C[2" 4ü 99[Á 4OC[ Xe| 

%TëN4C[.!%TëN4C[.!%TëN4C[.!%TëN4C[.!:::: 
%F̂\G4 3O (>C W_÷M CO"6 O@[O ÝN_GCM %NCG, L[O, 3O );[Á 4ü 4?hO %TëN4C[2" 4h ÜN[G M» O5Cd �. 
KG[Nd ;[Cd X¾| &G GN] I]t] W_÷M CO"6 O@[O 4� $"4üN (IC"T ;eWd 4ü G]CLO \GN"T4 (PayLoad Controller - PLC), 
$"4üN \9IÁ ;\GT (Digital Chirp Generator - DCG) 3O @[>[ $;ÁG 3O W"I]@G #B[Q] (Data Acquisition and 

Compression System - DACS) .4 X] Ie4�; M» W"Nh\;C å4Nd ;[Cd X¾| &W 4[OB Wd &G $"4üN (IC"TD 4h NhÌN 4OGd 
4ü IO]ÈB %TëN4C[.! 3O L] 9̂GiC] I_BÁ KGC] ;[ OXù X¾| NX .4ü4_C ;[!9 #B[Q] &G $"4üN (IC"TD 4ü WL] 
4[NÁ ÈMC[2" 4h ÜN[G M» O5 4� $\L4çI 3O \T4\WC 4ü ;[C] Xe| &G IO]ÈB #B[\QND 4h (t[G Mf@Q Ie4�; 
4� W[D $"CO[Ì� 4OGd 4� \Q. #B[\QND 4ü 6̂BC[ ;["9 3O M_çN["4G 4OG[ %TëN4 XhC[ Xe| $C: IO]ÈB #B[Q] 
4h 4W: \G\ë9C 6̂BC[ M[IE"@D 4h I_BÁ 4OG[ seO] Xe| &W\Q. &G IO]ÈB #B[\QND 4h (t[G Mf@Q 4� M_çN["4G 
K»9 M[4· 4OGd Wd IXQd (G4h \T\U` IåOÈB 3O M_çN["4G #\CN[ Wd 6̂sOG[ ItC[ Xe| .4 êN[I4 L_-IO]ÈB 
#B[Q] 4� #M^5 Q[L ÎG: #NhÑN, \TëTíG]NC[, Cd; \T4[W 9C %åE X¾|  

$\L4çI \TUdVC[$\L4çI \TUdVC[$\L4çI \TUdVC[$\L4çI \TUdVC[: : : :  
.4 êN[I4ü L_-IO]ÈB #B[Q] 4[ $\L4çI /W[ XhG[ 9[åX. 4ü TX G]CL[O 4� (IC"TD 4[ W"I_BÁ IO]ÈB 3O 
M_çN["4G 4O W4�| NX L_-IO]ÈB #B[Q] (I'X 4� \T\L> (IC"TD 4[ $G^4OB 4OC[ Xd ;eWd 4ü, 

• KW MdGd;MdÝ> N_\G> ((((Bus Management Unit)))) 
• KdWK¾@ @[>[ X»@\Q"6 N_\G> ((((BaseBand Data Handling Unit)))) 
• %T̀\C ;\GT    ((((Frequency Generator)))) 
• $\L'[X] ((((Receiver)))), &ÙN[E]| 

 

NX êN[I4ü L_-IO]ÈB #B[Q] 4ü \GãG\Q\5C \TUdVC[." 3O 4[NÁ X» : 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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• KW MdGd;MdÝ> N_\G> MIL-STD-1553 $"CO[Ì� E_O[EdU – E_OåM\C 4� \Q.  
• IåOTCÁGU]Q EO @[>[ 4[ $;ÁG, \TëQdVB 3O WÙN[IG  
• IåOU^ÜE 4[QG ;GG (precise timing 

generation) 
• W"4�C (ª]I (stimulus) (ÙI> 4OG[  
• .-@] IåOTCÁ4 4[ $\LQÈBG  
• 9IÁ W"4�C 4[ $\LQÈBG 

• áQ[4 /@d\I>T �[">[';dUG .T" W"4�C 
#CM4 4[ WÙN[IG 

• $ÝN (IC"TD 4[ $"CO[Ì� $G^4OB 
4OG[  

• åOIh>Á (ÙI> 4OG[ 
• #'åXC CO"6[4_\C 4[ \TëQdVB  
• EhV \íD\C 4[ W"4�C  
• Whà>TdO O[O[ M[G4 N"Th 4[ íT9[\QC 

\GN"TB  
 

.4 êN[I4ü L_-IO]ÈB #B[Q] I_TÁ4\DC 4[Nµ 4[ W"I[EG 4OC] Xd .T" W"6å?C @[>[KdW M» IO]È[ IåOB[M 4[ 
$\LQd5 \GT[ÁX 4OC] Xd|  

SCATSAT-1 G]CL[O 4� .4ü4_C L_-IO]ÈB #B[Q] 4[ $ÜNNG &W IT M» (E[XOB  4� eI M» å4N[ 6N[ Xd| Q7̂ 
$IåOTC[ÁGh 4� W[D &W #B[Q]  4[ (INh6 9"2N[G – 2 4� (IC"TD 4� IO]ÈB 4� \Q. L] å4N[ ;[ W4C[ Xd| NX L_-
IO]ÈB #B[Q] 4ü N^\F WL] #4[O 4� 
O@[O G]CL[Oh 4� .4ü4_C $"4üN (IC"TD 
4� IO]ÈB 4� \Q. Q[6^ Xh W4C] Xd| 

 

M[MQ[ $ÜNNGM[MQ[ $ÜNNGM[MQ[ $ÜNNGM[MQ[ $ÜNNG: SCATSAT-1    L_ L_ L_ L_ ––––    IO]ÈB IO]ÈB IO]ÈB IO]ÈB 
#B[Q]#B[Q]#B[Q]#B[Q] 

SCATSAT-1 $\LN[G I_TÁ Oceansat-II 

Scatterometer ;h 4ü $Gd4 O[ Ä̀]N 3O 
$"CO[Á Ä̀]N '[X4D 4h @[>[ Wd> #E[G 
4OC[ Xe, (W4[ W[CÙN $\LN[G Xe| NX 
@[>[ Wd> WM̂2 (IO] ITG WåEU 4h 
\Gì4VÁ 4OGd M» (INh6 XhC[ Xe ;h 4ü 
9CT[C ID I_T[ÁG^M[G M» .4 MXÙTI_BÁ 
\GTdU Xe| SCATSAT-1 G]CLO 4[ 5"@ \9T 
G]9d EU[ÁN[ 6N[ Xe:- 

 

(IO] 5"@ \9T SCATSAT-1 4� $"4üN (IC"T 4[ $ÝN (IC"TD 4� W[D $"CO[Ì� EU[ÁC[ Xe| &W $"4üN (IC"T 4� WãI_BÁ 
IO]ÈB 4� \Q. .4 êN[I4ü 3O .4ü4_C L_- IO]ÈB #B[Q] 4[ \T4[W å4N[ 6N[ Xe|  

SCATSAT-1 IO]ÈB A["9[IO]ÈB A["9[IO]ÈB A["9[IO]ÈB A["9[: : : :  

 

Figure 6: : : : SCATSAT-1 5"@ \9T5"@ \9T5"@ \9T5"@ \9T 

 

Figure 7: : : : SCATSAT-1 1 1 1 IO]ÈB A["9[IO]ÈB A["9[IO]ÈB A["9[IO]ÈB A["9[ 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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SCATSAT-1 G]CLO 4� $"4üN (IC"T 4� IO]ÈB A["9d 4[ 5"@ \9T G]9d EU[ÁN[ 6N[ Xe| SCATSAT-1 L_-IO]ÈB #B[Q] M» 
.4 cPCI (Compact Peripheral Computer Interface) %F[åOC 4�ßN_>O Xe \;WMd K� cPCI Kh@Á Q6[Nd ;[Cd X¾| Nd Kh@Á \L> 
4[NÁÈMC[ 3O \GTdUD 4[ $G^4OB 4OC[ Xe| \GãG\Q\5C SCATSAT-1 L_-IO]ÈB #B[Q] 4� #M̂5 7>4 X¾:-  
 

i. BMU     $G4̂[O4$G4̂[O4$G4̂[O4$G4̂[O4 

$"4üN (IC"T BMU Wd MIL-STD-1553 IO $"CO[Ì� 4OC[ Xe| BMU $G^4[O4 .4 MIL-STD-1553 %F[åOC 
$G^4[O4 Xe ;h WL] E_O[EdU Ld;Gd 3O E_OåM\C W"'X]C 4OGd 4[ 4[NÁ 4OC[ Xe| &WM» .4 '[Jü #NhF[ $"CO[Ì� Xe 
;h Visual Basic M» KG[N[ 6N[ Xe| &W4� O[O[ $"4üN (IC"T );[Á 4h 9[Q_-K"E 4O W4Cd X¾ 3O WL] \TÝN[W #9[Q 
4h Ld; W4Cd X¾|   

 

Figure 8: : : : BMU $G4̂[O4$G4̂[O4$G4̂[O4$G4̂[O4 

 

ii. Scan Control Electronics(SCE) $G^4[O4   
SCE $G^4[O4 í4�G í>[>Á íI"E ((((Scan Start Pulse) 3O åE6"U 4hB @[>[ (Azimuth Angle Data) WMN-WMN IO 
(ÙI> 4OC[ Xe| WãÎBÁ SCATSAT-1 G]CLO í4�G í>[>Á íI"E Wd ĈçN4[\QC Xe| í4�G í>[>Á íI"E #dU – '[X] 
íI"ED (Transmit- Receive pulses) 4h (ÙI> 4OGd 3O $ÝN O@[O #9[QG #TCÁG M» M̂ËN L_åM4[ \GL[C[ Xe| 
$C: Scan Control Electronics    ;\GC W"4�CD M» $\CåOFC[ $\L4çI 4ü 6N] Xe| L_-IO]ÈB #B[Q] Scan 

Control Electronics    4� WL] $\CåOFC[ 4� \T4çID 4[ $G^4OB 4OC] Xe| .4 '[Jü #NhF[ $"CO[Ì� 
%F[åOC Wfà>TdO 4� O[O[ &G \T4çID 4[ WMDÁ-$WMDÁ (enable-disable) å4N[ ;[ W4C[ Xe| SCE $G^4[O4 
Wfà>TdO 4[ íGdI-Uh> 3O (WWd ;\GC W"4�CD 4h G]9dG]9dG]9dG]9dåE5[N[ å4N[ 6N[ Xe|  

 
 

FigureFigureFigureFigure    10101010: : : : ScanScanScanScan ControlControlControlControl        ElectronicsElectronicsElectronicsElectronics SCESCESCESCE(((( ) ) ) ) अनुकारकअनुकारकअनुकारकअनुकारक    
FigureFigureFigureFigure    9999: : : : 0कैन 0टाट8 0पदं0कैन 0टाट8 0पदं0कैन 0टाट8 0पदं0कैन 0टाट8 0पदं    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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iii. @[>[ $\LQd5G Wfà>TdO @[>[ $\LQd5G Wfà>TdO @[>[ $\LQd5G Wfà>TdO @[>[ $\LQd5G Wfà>TdO (Data Recording Software) 

SCATSAT-1 @[>[ $\LQd5G Wfà>TdO $"4üN (IC"T 4� KdW-K¾@ @[>[ X\ÝÛQ"6 N_\G> $"CO[Ì� 4[ $G^4OB 
4OC[ Xe| NX Wfà>TdO 4[ '[Jü #NhF[ $"CO[Ì� Microsoft Visual Studio M» KG[N[ 6N[ Xe| &W4ü M̂ËN 
L_åM4[ PCI $"CO[Ì� 4� O[O[ T[íC\T4 4[Q M» @[>[ 'XB/$\LQd5G Xe| NX Wfà>TdO $ÝCíD JQG 4[ 
(INh6 4O 4� Kintex-7 FPGA Kh@Á Wd W"T[E 4OC[ Xe|  
 

(INh64C[Á 4h @[>[ 
$\LQd5G 4� $\FTdUG 
(data recording session) 
4h %O"L 4OGd Wd IXQd 
4W: \GTdU 4h 9̂GG[ Xe| 
(INh64C[Á 4h NX ÜN[G 
O5G[ Xe 4ü DUT 3O 
Kintex-7 %F[åOC Kh@Á 4� 
\K9 4ü 4t] WX] COX Wd 
íD[\IC 4ü 6N]  Xe| 
(INh64C[Á 4ü WX[NC[ 
4� \Q. Wfà>TdO 4� '[Jü 
#NhF[ $"CO[Ì� M»   
$\LQd\5C @[>[ 4� 
2GQ[&G \íD\C WãI_OB 
(online status update) 4ü 
W^\TF[ E] 6N] Xe| @[>[ 
$\LQd5G Wfà>TdO 4� 

FigureFigureFigureFigure    11111111: : : : SCESCESCESCE    �रसेट 0पंद�रसेट 0पंद�रसेट 0पंद�रसेट 0पंद    

FigureFigureFigureFigure    12121212: : : : 4दगंश कोण डाटा 4दगंश कोण डाटा 4दगंश कोण डाटा 4दगंश कोण डाटा ((((AzimuthAzimuthAzimuthAzimuth AngleAngleAngleAngle DataDataDataData        ))))    

FigureFigureFigureFigure    13131313 PLCPLCPLCPLC: : : :     रEसेट 0पंदरEसेट 0पंदरEसेट 0पंदरEसेट 0पंद    

 

Figure 14: : : : SCATSAT-1 1 1 1 @[>[ $\LQd5G Wfà>TdO@[>[ $\LQd5G Wfà>TdO@[>[ $\LQd5G Wfà>TdO@[>[ $\LQd5G Wfà>TdO 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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'[Jü #NhF[ $"CO[Ì� 4[ íGdI-Uh>G]9dEU[ÁN[ 6N[ Xe|  
 

iv. @[>[ \TëQdVB $T" WÙN[IG Wfà>TdO @[>[ \TëQdVB $T" WÙN[IG Wfà>TdO @[>[ \TëQdVB $T" WÙN[IG Wfà>TdO @[>[ \TëQdVB $T" WÙN[IG Wfà>TdO (Data Analysis & Verification Software) 

@[>[ \TëQdVB .T" WÙN[IG Wfà>TdO $"4üN (IC"T 4� DCG-DACS $G^L[6 4[ IO]ÈB 4OC[ Xe| DCG $G^L[6 
4� 4[NÁ 4[ WÙN[IG 4OGd 4� \Q. #dU íI"E .T" .4Q 9eGQ 9IÁ .4 íT9[\QC Wfà>TdO Wd %TëN4 WMN 
M̂2["4G ((((time stamping)))) 4� W[D EhQGEUú ((((Oscilloscope)))) NÝT Wd 4ãßN^>O M» #'[åXC å4N[ ;[C[ Xe| 
EhQGEUú M» $\L'XB 4� \Q. WL] %TëN4 Wdå>"6 íT9[\QC eI Wd å4N[ ;[C[ Xe .T" #'åXC v[&Q L_-
IO]ÈB #B[Q] M» LAN    O[O[ $"CåOC 4ü ;[C] Xe|  

 

 

 
 

  
 

 

 

 

(IW"X[O(IW"X[O(IW"X[O(IW"X[O: : : :  
NX O@[O êN[I4ü L_-IO]ÈB #B[Q] MRSA/SAC M» WJQC[I_TÁ4 $\L4çI .T" \T\ÊWC 4ü 6N] Xe| NX #B[Q] &W 
WMN 9Q OX] IåONh;G[. ;eWd 4ü SCATSAT-1, 9"2N[G-2 %\KÁ>O .T" Q»@O, X-band SAR, %åE M» (INh6 M» Q] ;[ 
OX] Xe| ÎG: #NhÑN, \TëTíG]NC[, Cd; \T4[W 9C, #\CeI4C[, Q[6C-#L[TU]QC[, %åE êN[I4ü L_-IO]ÈB #B[Q] 
4ü NX W"4çIG[ 4� #F[G Q[L Xe| NX &G-Xf(W KG[Nù 6N] L_-IO]ÈB #B[Q] O@[O G]CL[Oh 4� IO]ÈB 4� \Q. 
WKWd (IN^F Xe| 

%L[O%L[O%L[O%L[O:::: 

XM» &W 4[NÁ 4h 4OGd 4� \Q. åE. 6. W^$TWO .T" åEU[ -\GE¼U 4� \Q. Å] CIG åMÅ[  ) \GEdU4, We4( 4� $ÙNÝC 
%L[O] Xe \;ÝXDGd O@[O XdĈ êN[I4ü L_-IO]ÈB #B[Q] 4� \T4[W W"K"\FC 4[Nµ 4h 4OGd M» XM» $IG[ M[6ÁEUÁG åEN[ 
Xe| XM Å] K].%O .O[;I_C, TåO� åX"E] $\F4[O] CD[ åX"E] 4È 4� WL] WX4åMÁND 4[ %L[O #4> 4OCd X¾| $"C M» XM 
.M.%O..W.. .4� WL] TeÉ[\G4D, $\LN"C[2", We4/&WOh 4� 4åMÁND CD[ WMíC &WOh IåOT[O 4� %L[O] Xe| 

 

WÝELÁWÝELÁWÝELÁWÝELÁ: : : :  

$. SCATSAT-1 Scatterometer – Preparatory Design Review Document, SAC/SCATSAT/PDR/01, April 2014 
%. BMU Simulator for SCATSAT-1 Digital Subsystem, MRSA/MSDG/MSCED/SCATSAT-1 BMU Sim 1.0, 

June 2015 
&. SCE Simulator for SCATSAT-1 Digital Subsystem, MRSA/MSDG/MSCED/SCATSAT-1 SCE Sim 1.0, June 

2015 
'. Data Recording Software for SCATSAT-1 Digital Subsystem, SAC/MRSA/MSDG/MSCED/SCATSAT-

1/DSS/SCATSAT-1 DATA RECORDING SOFTWARE v1.0, June 2015 
(. SCATSAT-1 Ground Checkout Unit for Digital Subsystem, MRSA / MSDG / MSCED / SCATSAT-1 DSS 

GCU 1.0, June 2015 

--------- 

FigureFigureFigureFigure    16161616: : : : डाटा �वcेषण सॉdटवेरडाटा �वcेषण सॉdटवेरडाटा �वcेषण सॉdटवेरडाटा �वcेषण सॉdटवेर    FigureFigureFigureFigure    15151515: : : : डाटा स]यापन सॉdटवेरडाटा स]यापन सॉdटवेरडाटा स]यापन सॉdटवेरडाटा स]यापन सॉdटवेर    
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W^OÈ[W^OÈ[W^OÈ[W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6 WåXC W"L[\TC $\LGT $G#̂Nh6 WåXC W"L[\TC $\LGT $G#̂Nh6 WåXC W"L[\TC $\LGT $G#̂Nh6 

OdOdOdOd@[O G]CL[O XdC ̂@[O G]CL[O XdC ̂@[O G]CL[O XdC ̂@[O G]CL[O XdC ̂(g  6\C(g  6\C(g  6\C(g  6\C, (g (g (g (g ÈÈÈÈMC[ Wf\Q@ í>d> Od4f@ÁOMC[ Wf\Q@ í>d> Od4f@ÁOMC[ Wf\Q@ í>d> Od4f@ÁOMC[ Wf\Q@ í>d> Od4f@ÁO 

(High Speed, High Capacity Solid State Recorder for Radar Payloads) 
$\LVd4 4WB[Q$\LVd4 4WB[Q$\LVd4 4WB[Q$\LVd4 4WB[Q,    OMdUOMdUOMdUOMdU....K]K]K]K]....6[MdC]6[MdC]6[MdC]6[MdC],,,, M[FT E[WM[FT E[WM[FT E[WM[FT E[W, \TGN 4WM[O .W\TGN 4WM[O .W\TGN 4WM[O .W\TGN 4WM[O .W....,,,,OMdU 4WM[O 6ô[OMdU 4WM[O 6ô[OMdU 4WM[O 6ô[OMdU 4WM[O 6ô[, , , ,  

T]T]T]T]. . . . MG[TQ[ O[M[G^MG[TQ[ O[M[G^MG[TQ[ O[M[G^MG[TQ[ O[M[G^;M;M;M;M, , , , T]T]T]T]. . . . T]T]T]T]. . . . TdEMTdEMTdEMTdEM, , , , W";N \TTdE] W";N \TTdE] W";N \TTdE] W";N \TTdE] .T" \GQdU .M.T" \GQdU .M.T" \GQdU .M.T" \GQdU .M. . . . EdW['EdW['EdW['EdW[' 

.M.M.M.M.....W.W.W.W....@]@]@]@]....;];];];]././././.M.M.M.M....%O%O%O%O.....W.W.W.W............,     $"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412, &WOh&WOh&WOh&WOh,     $XME[K[E$XME[K[E$XME[K[E$XME[K[E----380015380015380015380015, L[OCL[OCL[OCL[OC 

'MdQ'MdQ'MdQ'MdQ----    {aaaabhishek,,,, nmdesai,vishvishvishvish }@sac.isro.gov.in} 

M_Q UáE – Wf\Q@ í>d> Od4f@ÁO (Solid State Recorder, SSR), .4Q Kh@Á (Single board), .J.I].;]... (FPGA), NAND óQeU 
(NAND FLASH), '[Jü #NhF[ $ÝCO[Ì� (Graphical User Interface,GUI)  &ÙN[åE 

#íC[TG[#íC[TG[#íC[TG[#íC[TG[ 
\T6Cj 4W: TVµ M» &WOh Gd $IGd W_÷CO"6 W"TdE] 4[NÁCM (Microwave Remote Sensing Programme)  4� $"C6ÁC $Gd4 
$"CåOÈ-T[åXC .T" T[N^TCú $\LN[G ;eWd å4 O]We>-I (RISAT-I), í4�>ÄhM]>O(Scatterometer-1), %IE[ #K"FG W"ëQdV] 
O[O4 Od@[O (Disaster Management Synthetic Aperture Radar) &ÙN[åE 4[ WJQ \T4[W .T" #9[QG å4N[ Xe| &G 
W_÷MCO"6 G]CL[OD 4� 4hO Od@[O &QdÊ>Ä[\G4ü 4� #M̂5 $TNND M» Wd .4 (IC"T, $\LQd\5T (Recorder) XhC[ Xe 
\;W4[ (INh6 Od@[O Wd #[o %"4th 4� W"9NG(storage) XdĈ å4N[ ;[C[ Xe| K[E M», (ÝX] %"4th 4h &íCdM[Q 4O4� 
Od@[O #\C\KãK(Image) KG[N[ ;[C[ Xe| TCÁM[G M», &WOh 4� Od@[O T[N^TCú $\LN[G ;eWd 4ü %IE[ #K"FG W"ëQdV] 
O[O4 Od@[O (DMSAR) M» T[\B\ÑN4/3Fh\64 $\LQd5] (IC"T 4[ (INh6 %"4th 4� W"9NG XdĈ å4N[ ;[C[ Xe, 
\;W4ü Q[6C 4[Jü ÑN[E[ XhC] Xe 3O &G4[ %N[C \TEdU] 4�IG] Wd å4N[ ;[C[ Xe| &W4� $Q[T[ &W (IC"T 4� 
\K6tGd 4ü \íD\C M», WMN 3O FG 4� W[D-W[D åMUG W"K"\FC 4[NÁ4M® IO L] 6XO[ $WO ItC[ Xe| &G WK 
\KÝÊ2" 4h ÜN[G M» O5 4O, .4 %"CåO4 (in-house) Solid State Recorder (SSR) 4ü $\L4çIG[ .T" \T4[W 
.M.%O..W../We4 (MRSA/SAC) M» 4ü 6N] Xe, \;W4ü %"4th 4� W"9NG 4ü ÈMC[ T[\B\ÑN4/3Fh\64 $\LQd5] 
(IC"Th 4� ĈQG[ÙM4 Xh6], &W4[ 2êNM[G (Mass), %NCG(Volume),U\F ÈN(Power Dissipation) (G 
$\LQd\5TD  4� M̂4[KQd 4[Jü 4M Xh6] 3O W[D-W[D X] &W4ü 4üMC L] (G4� .4 9iD[' Wd L] 4M Xh6]| (g 
4[NÁÈMC[ \GìI[EG XdĈ 3ah\64 #M[\BC NAND FLASH \9ßW 4[ (INh6 &W .W..W.%O(SSR) 4� \GM[ÁB M» 
å4N[ 6N[ Xe| &W .W..W.%O(SSR) 4ü T[íĈ4Q[(architecture) 4h 2êNM[G, %NCG, U\F 4ü %TëN4C[2" 4h 
ÜN[G M» O54O $G^4�QCM KG[N[ 6N[ Xe| &W4� W[D-W[D &W4ü T[íĈ4Q[ 4[ \T4[W &W #4[O å4N[ 6N[ Xe å4, 
&W4ü %"4th 4� W"9NG 4ü ÈMC[ 4[ W"TFÁG(augmentation) %W[G] Wd å4N[ ;[ W4C[ Xe| &W $ÙN[F̂\G4 
.W..W.%O 4� W"9OB(control) XdĈ Visual C ++ M» .4 '[Jü #NhF[ $ÝCO[Ì� (Graphical User Interface, GUI) 4[ 
\GM[ÁB å4N[ 6N[ Xe| 

.W.W.W.W.....W.W.W.W....%O 4ü #M5̂ \TUdVC[.!%O 4ü #M5̂ \TUdVC[.!%O 4ü #M5̂ \TUdVC[.!%O 4ü #M5̂ \TUdVC[.! 
&W $ÙN[F̂\G4, íTEdU] .W..W.%O(SSR) 4ü #M^5 \TUdVC[.! &W #4[O X¾ - 

E]7Á4[\Q4 %"4@d \GTdU EO (Sustained Input Data Rate) 1.2 6]6[ Kf@ (1.2 Giga Baud) 
W"9[NG ÈMC[ (storage capacity) 16 >dO[ \KÔW (Tera bits) C4 

2êNM[G(Mass) 600 '[M (gram) 
U\F 4ü %TUN4C[ <10 T[ÔW (Watts) 
Ie4�; \TíC[O (Package  Dimension)  (220 x 150 x 25) åMM] (mm) 
\GN"TB $ÝCO[Ì� (Control Interface) RS-232 

@d>[ #ÙN[GNG N"T[TQ] (Data Retrieval Mechanism) USB 

W"\CN[ÙM4 C[IM[G(Operational Temp.) O»;  0-70° C 

W"4[O4 $ÝCO[Ì� (Operator Interface) \T"@h;(Windows) %F[åOC GUI 
W"9NG M[ÜNM (Storage Medium) NAND óQeU(FLASH) 
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.W.W.W.W.....W.W.W.W....%O 4[ X[@ÁTdNO \TÝN[W%O 4[ X[@ÁTdNO \TÝN[W%O 4[ X[@ÁTdNO \TÝN[W%O 4[ X[@ÁTdNO \TÝN[W 

&W .4Q Kh@Á(Single Board) %F[åOC .W..W.%O 4� \TÝN[W 4[ #M̂5 $"6 ;[&\Q"ÊW(Xilinx) Virtex-4 .v. I]. s]. 
.. (Field Programmable Gate Array, FPGA) Xe, ;h å4 M[í>O \GN"T4 4� eI M» 4[NÁ 4OC[ Xe| \9T  W"ËN[ 1 M» 
.W..W.%O 4� %Qd5 4h EU[ÁN[  6N[ Xe| (g 6\C 4� %"4th 4� \GTdU $ÝCO[Ì�(input interface)  4� \Q. IdQh@ 
\T\U`(specific) \WåONQ[';O-@] \WåONQ[';O(Serializer-Deserializer,SER-DES) 4[ (INh6 å4N[ 6N[ Xe| %"4th 
4� W"9NG XdC^ 4WQ 36 NAND óQeU(FLASH) \9ßW(chips) 4[ #Nh6 å4N[ 6N[ Xe| &GM» Wd #ÙNd4 \9I 4ü W"9NG 
ÈMC[ 32 6]6[ \KÔW Xe| &CGd ÑN[E[ óQeU \9ßW 4[ (INh6  (g  6\C (high speed) 4� %"4th  4[ E]7Á4[\Q4 
\GTdU EO(sustained input rate) 4ü %TëN4C[2"  4� 4[OB å4N[ 6N[ Xe| 

.W..W.%O  M» W"9\NC %"4th  4� #ÙN[GNG(retrieval) XdĈ êN[I4ü N_\GTWÁQ  W]åONQ KW(Universal Serial Bus, 
USB) 
$ÝCO[Ì� 4[ 
(INh6 å4N[ 
6N[ Xe .T" 
.W..W.%O  4� 
WMíC 4M["@ 
.T" \GN"TB XdĈ 
RS-232 4[ 
(INh6 å4N[ 
6N[ Xe| &W4� 
W[D X] K�-
$\FTdUG 
$G^CM] J[&Q 
#K"FG 
#B[Q](Multi-
Session 
Sequencial 
File 
Management 
System) 4[ L] WM[TdU &W4� $\L4çI M» å4N[ 6N[ Xe, C[å4 &WM» W"9\NC WL] %"4th 4h (G4� $;ÁG 
WMN(Acquisition time) 4� CEG^W[O ÌD4 4O4� (G4[ W_94["4 (index) O5[ ;[ W4�| .v. I]. s]. .. .T" $ÝN 
IåOF]N \9ßW(peripheral chips) 4� }f4 4� \Q. 50 Md7[XÔsÁ(Megahertz) 4� \Cí>Q Eh\QT (Crytal Oscilllator) 4[ 
(INh6 å4N[ 6N[ Xe| 

.W.W.W.W.....W.W.W.W....%O 4ü 4M["@ W"O9G[ .T" W_9]%O 4ü 4M["@ W"O9G[ .T" W_9]%O 4ü 4M["@ W"O9G[ .T" W_9]%O 4ü 4M["@ W"O9G[ .T" W_9] 

.W..W.%O 4� WJQ IåO9[QG XdC^, &W4� #ÙNd4 JQG 4� \Q. .4 N_\G4(unique) 4M["@ 4[ \T4[W å4N[ 6N[ Xe, 
\;W4ü 4WQ Q"K[' 32 K['>(Byte)  4ü Xh6]| 

32 K['>K['>K['>K['> ((((BBBByyyytetetete) 

    .W.W.W.W.....W.W.W.W....%O%O%O%O 

         4M["@4M["@4M["@4M["@ 

                    4M["@ 4M["@ 4M["@ 4M["@ ((((COMMAND ))))                     ((((0I4h@0I4h@0I4h@0I4h@) ) ) ) OPCODE  

 O]Wd> .vO]Wd> .vO]Wd> .vO]Wd> .v. . . . I]I]I]I]. . . . s]s]s]s]. . . . .....(.(.(.(RRRReseteseteseteset FPGA) 0x75 0x06 

िचW संeया िचW संeया िचW संeया िचW संeया ÐÐÐÐ1  1  1  1  एसएसएसएस....एसएसएसएस....आरआरआरआर    का खंड आलखेका खंड आलखेका खंड आलखेका खंड आलखे    
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अंत�र� उपयोग क� � / �वकास एवं शै��क संचार यूिनट, इसरो, अंत�र� �वभाग, अहमदाबाद  146 

 

O]Wd>O]Wd>O]Wd>O]Wd> óóóóQeUQeUQeUQeU MdMhO] MdMhO] MdMhO] MdMhO] ((((Reset  Flash Memory )))) 0x75 0x08 

((((O]@ O]@ O]@ O]@ óóóóQeU %'@]QeU %'@]QeU %'@]QeU %'@]) ) ) ) Read Flash Device IDs  0x75 0x09 

((((Ke@ áQ[4 $\L\GF[ÁOBKe@ áQ[4 $\L\GF[ÁOBKe@ áQ[4 $\L\GF[ÁOBKe@ áQ[4 $\L\GF[ÁOB) ) ) )  
Bad Blocks Identification 0x70 0x03 

.W.W.W.W.....W.W.W.W....%O Od4få@Â6 í>[>Á %O Od4få@Â6 í>[>Á %O Od4få@Â6 í>[>Á %O Od4få@Â6 í>[>Á  
((((SSR Start Recording )))) 0x70 0x04 

.W.W.W.W.....W.W.W.W....%O í>fI Od4få@Â6 %O í>fI Od4få@Â6 %O í>fI Od4få@Â6 %O í>fI Od4få@Â6  
((((SSR Stop Recording )))) 0x70 0x05 

SSR Playback  

.W.W.W.W.....W.W.W.W....%O ¤dKe4%O ¤dKe4%O ¤dKe4%O ¤dKe4 0x78 0x27 

Recorder Erase((((Od4f@ÁO .OdsOd4f@ÁO .OdsOd4f@ÁO .OdsOd4f@ÁO .Ods)))) 0x69 0x66 

 

 

.W.W.W.W.....W.W.W.W....%O X[@ÁTdNO .T"%O X[@ÁTdNO .T"%O X[@ÁTdNO .T"%O X[@ÁTdNO .T"    $"CO[I`�$"CO[I`�$"CO[I`�$"CO[I`� 

.W..W.%O 4[ 
WMíC \GN"TB 
.4 Xhí> 
4ãßN_>O/QeI>fI 
(Host 

computer/Laptop) 

Wd RS-232 KW 
(bus) 4� M[ÜNM Wd 
å4N[ ;[C[ Xe| 
&W4� \Q. .4 
Visual  C++ M» .4 
'[Jü #NhF[ 
$"CO[Ì� 
(Graphical user 

Interface, GUI) 4[ 
\GM[ÁB å4N[ 6N[ 
Xe|| \9T W"ËN[ 3 

िचW संeयािचW संeयािचW संeयािचW संeया----3333 एसएसएसएस....एसएसएसएस....आर का हाड8वेयर एवं इसका पैकेजआर का हाड8वेयर एवं इसका पैकेजआर का हाड8वेयर एवं इसका पैकेजआर का हाड8वेयर एवं इसका पैकेज 

िचW संeया िचW संeया िचW संeया िचW संeया ÐÐÐÐ2  2  2  2  एसएसएसएस....एसएसएसएस....आरआरआरआर        क5 कमांड सूचीक5 कमांड सूचीक5 कमांड सूचीक5 कमांड सूची    

िचW संeयािचW संeयािचW संeयािचW संeया----4444 एसएसएसएस....एसएसएसएस....आर का fाफ5 QयोAा अंतरापgृआर का fाफ5 QयोAा अंतरापgृआर का fाफ5 QयोAा अंतरापgृआर का fाफ5 QयोAा अंतरापgृ    GUIGUIGUIGUI(((( )))) 
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M» .W..W.%O 4� X[@ÁTdNO .T" &W4� Ie4�; 4h EU[ÁN[ 6N[ Xe|  
.W..W.%O 4� X[@ÁTdNO M» 18 NAND óQeU \9IWj (IO] CQ IO Q6[Nd 6. X¾ 3O 18 \9IWj 4ü M[(\Ý>"6 G]9d 4� CQ 
IO 4ü 6N] Xe| \9T W"ËN[ 4  M» .W..W.%O 4�  GUI  4h åE5[N[ 6N[ Xe| 

&W GUI 4� O[O[ .W..W.%O M» @d>[ Qd5G(Data Writing), @d>[ #ÙN[GNG(Data Retrieval) .T" .W..W.%O 4� 
EhVM[;ÁG(Debugging)  ;eWd 4[NÁ %W[G] Wd å4Nd ;[ W4Cd X¾| &W4� $Q[T[ &WM» $G^CM] J[&Q #K"FG #B[Q] 
(Multi-Session Sequencial File Management System) 4ü L] \TUdVC[ Xe ;h 4ü .W..W.%O M» W"9\NC WL] 
J[&QD(files) 4[  $G^TCÁG (track) O5C[ Xe 3O K[E M» @d>[ #ÙN[GNG M» WX[N4 \W; XhC[ Xe|&W4� W[D X], &WM»    
Od4f@ÁO .Ods (Recorder Erase)  4ü L] êNTíD[  Xe,\;WWd .W..W.%O M» W"9\NC $G[TëN4 J['QD 4h \TQd\5C 

(delete) å4N[ ;[ W4C[ Xe| 

(IW"X[O(IW"X[O(IW"X[O(IW"X[O 

W_÷MCO"6 G]CL[OD(Microwave Payloads) Wd #[o (g  6\C 4� %"4th 4� W"9NG XdĈ $\LQd\5T (Recorder) C"T 4[ 
(INh6 å4N[ ;[C[ Xe| &WOh 4� T[N^TCú Od@[O $\LN[G ;eWd 4ü %IE[ #K"FG W"ëQdV] O[O4 Od@[O (DMSAR) M» 
T[\B\ÑN4/3Fh\64 $\LQd5] (IC"T 4[ (INh6 %"4th 4� W"9NG XdĈ å4N[ ;[C[ Xe, \;W4ü Q[6C 4[Jü ÑN[E[ 
XhC] Xe 3O &G4[ %N[C \TEdU] 4�IG] Wd å4N[ ;[C[ Xe| %ÙM\GLÁOC[ å4 åEU[ M» .4 4EM %6d KuCd 
�.,.M..W.@].;]. M» .4 .4Q Kh@Á %F[åOC .W..W.%O 4[ \GM[ÁB å4N[ 6N[ Xe, \;W4ü Q[6C 4[Jü 4M Xe 3O 
XM[O] WL] %TN4C[2" 4h IåOI_BÁ 4OGd M» WÈM Xe|  L\TìN M» XhGd T[Qd &WOh 4� T[N^TCú $\LN[GD M» NX 
.W..W.%O $ÙN"C WX[N4 \W; Xh6[|NX .W..W.%O $L] \TTOB[ÙM4 IO]ÈB 4� EiO Wd 6̂;O OX[ Xe 3O ;çE X] 
&W4[ WM[TdU IdQh@ 4� $\L> $"6 4� eI M» 4O \QN[ ;[Nd6[| $L] &W4ü IåO4çIG[ .T" \T4[W T[N^TCú $\LN[GD 
4� \Q. 4ü 6N] Xe, IOÝĈ L\TìN M» &W] $\L\TÝN[W 4[ (INh6 $"CåOÈ-T[åXC $\LQd\5T (Space-borne Recorder) 4� 
eI M» L] å4N[ ;[ W4C[ Xe| 

%L[O%L[O%L[O%L[O 

XM» &W 4[NÁ 4h 4OGd 4� \Q. åE. 6. W^$TWO .T" åEU[-\GE¼U 4� \Q. Å] CIG åMÅ[ (\GEdU4, We4)4� $ÙNÝC 
%L[O] Xe \;ÝXDGd W_÷MCO"6 W"K"\FC \T4[W 4[Nµ 4h 4OGd M» XM» $IG[ M[6ÁEUÁG .T" WXNh6 åEN[ Xe|XM Å] K].%O. 
O[;I_C, TåO� åX"E] $\F4[O] CD[ åX"E] 4È 4� WL] WX4åMÁND 4[ %L[O #4> 4OCd X¾, \;ÝXDGd $IG[ WXNh6 #E[G 
å4N[ Xe| $"C M» XM .M.%O..W... 4� WL] TeÉ[\G4D, $\LN"C[2", We4/&WOh 4� 4åMÁND CD[ WMíC &WOh IåOT[O 4� 
%L[O] X¾| 

*** 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6 

WM[;WM[;WM[;WM[;, , , , \TÉ[G .T" WÔÈ[ 4� \Q. $"CåOÈ M» W"L[\TC $G#̂Nh6\TÉ[G .T" WÔÈ[ 4� \Q. $"CåOÈ M» W"L[\TC $G#̂Nh6\TÉ[G .T" WÔÈ[ 4� \Q. $"CåOÈ M» W"L[\TC $G#̂Nh6\TÉ[G .T" WÔÈ[ 4� \Q. $"CåOÈ M» W"L[\TC $G#̂Nh6 

íTC# .4ü4OB #B[Q] íTC# .4ü4OB #B[Q] íTC# .4ü4OB #B[Q] íTC# .4ü4OB #B[Q] (Automatic Identification System) 

Q]G[ 4hXQ] 4I_OQ]G[ 4hXQ] 4I_OQ]G[ 4hXQ] 4I_OQ]G[ 4hXQ] 4I_O, , , , .W .G WC[\UN[.W .G WC[\UN[.W .G WC[\UN[.W .G WC[\UN[    
.W.>]@].W.>]@].W.>]@].W.>]@]/.W.G...W.G...W.G...W.G.. 

W[O["UW[O["UW[O["UW[O["U: : : : (I'X %F[åOC    .%'.W (AIS) /W] #B[Q] Xe ;h 4ü EdU 4� WM̂2] IN[ÁTOB 4� M[\G>OG .T" W"OÈB M» WX[N4 
\W; Xh W4C] Xe| &W W"L[\TC $G^#Nh6 4� \CN[ÝTNG M» 4W: C4G]4ü WMíN[.! .T" 9̂Gi\CN[! Xe| #íĈC Qd5 M» 
&G4[ W"\Èo TBÁG 4O4� L_-%F[åOC .%'.W (AIS) $\L'[X] $\L4çI #íC[\TC å4N[ 6N[ Xe| 

#íC[TG[#íC[TG[#íC[TG[#íC[TG[ 
“26/11” 4� M^"K' %C"4T[E]    XMQD    4� K[E L[OC 4ü C>]N W^OÈ[ IO K�C Kt[ #ëG \9ÝX Q6 6N[ Xe| L[OC 4� \Q. 
$IGd 7516.6 å4M] Q"Kd WM^2C> CD[ 25.2 Q[5 T6Á å4M] 4� EEZ 4h W^O\ÈC O5G[ IOM  %TëN4 Xe| &W4� $\CåOF 
NåE XM &WM» 200 K"EO6[X, 2 Q[5 Wd $\F4 Kt] 3O We4@D :h>] G[T ;ht Ed Ch NX .4 $ÙN\F4 Êì4O 4[NÁ Xh 
;[C[ Xe| 

íTC# .4ü4OB #B[Q] (.%'.W (AIS)) ;X[; T[åXC W[TÁ\T4 #B[Q] Xe ;h &W Q÷N 4ü I_\CÁ M» MXÙTI_BÁ \W; Xh 
W4C] Xe| &W #B[Q] 4[ (ªdëN WM̂2] IN[ÁTOB 4[ W"OÈB CD[ Gi9[QG M» W^OÈ[ 3O EÈC[ #E[G 4OG[ Xe|  

.%'.W.%'.W.%'.W.%'.W 

&W #B[Q] 4� $"C6ÁC ;X[;D 4� K]9 CD[ ;X[; .T" C>]N í>dUGD 4� K]9 W"EdUD 4[ %E[G #E[G XhC[ Xe| &W #B[Q] 
4ü W"O9G[ 4W: &W #4[O Xe å4 40 nm 4� IO[W M» NX íTC"TC[ Wd 4[M 4OC] Xe| 4h' L] .%'.W (AIS) W\.C ;X[; 
WMN WMN IO Q7̂ TDMA WÝEdU #d\VC 4OC[ Xe \;WM» (W4[ IX9[G CM["4, (W4ü 6\C, \íD\C CD[ $ÝN %TëN4 
;[G4[O] W\ãM\QC XhC] Xe| %W I[W 4� ;X[; T[åXC .%'.W (AIS) $\L'[X] &G W"EdUD 4[ W"W_9G 4O4� WM̂2] 
IN[ÁTOB 4[ W"I_BÁ \9T 
\GåMÁC 4OGd M» WÈM Xh 
;[Cd X¾ \;W4[ #Nh6 Od@[O 
O[O[ #[o W_9G[ 4� W[D 
å4N[ ;[ W4C[ Xe| 
.%'.W (AIS) C"T \GãG 
;X[sD 4� \Q. %TëN4 
Xe: 

• WL] N[T] ;X[; 

• WL] 500 GT Wd $\F4 M[Q Qd ;[Cd �. 
IhCL[O ;X[; ;h å4 $ÝCO[ Ä̀]N N[T[ IO GXù 
;[ OX» Xe  
• WL] 300 GT Wd $\F4 M[Q Qd ;[Cd �. IhCL[O 
;X[; ;h å4 $ÝCO[ Ä̀]N  
N[T[ IO ;[ OX» Xe 

.%'.W (AIS) #B[Q] $"4üN W"EdUD 4[ #W[OB 4� 
\Q. SOTDMA  W"9[O C4G]4 4[ #Nh6 4OC] Xe| 1 
åMG> 4� u�M 4h 2250 5[9D M» \TL[\;C XhC[ Xe CD[ 
WÝEdU &ÝX] 5[9D M» #W[åOC å4N[ ;[C[ 

        
िचW िचW िचW िचW 1:1:1:1:        ऐआईएसऐआईएसऐआईएसऐआईएस    स(देस(देस(देस(देश फामCटश फामCटश फामCटश फामCट    

  
\KÔW 4[ #W[OB\KÔW 4[ #W[OB\KÔW 4[ #W[OB\KÔW 4[ #W[OB 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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िचW िचW िचW िचW 3:3:3:3:        उपfह उपfह उपfह उपfह ऐ(टेना के h�i परास म� अनेक ऐ(टेना के h�i परास म� अनेक ऐ(टेना के h�i परास म� अनेक ऐ(टेना के h�i परास म� अनेक SOTDMASOTDMASOTDMASOTDMA    खंडखंडखंडखंड    

Xe| #ÙNd4 WÝEdU 256 \KÔW 4[ XhC[ 
Xe CD[ 5[9D M» WÝEdU #TdU UTC Wd 
ĈçN4[\QC XhC[ Xe| NX WÝEdU VHF 4� 
Eh 9Q WM̂2] 9eGQ (.%'.W 1) 87B 

(.%'.W 2) 88B IO .4 4� K[E .4 
#W[åOC XhCd X¾ \;WWd #B[Q] 4h 4500 

5[9» (IQáF Xh ;[Cd X¾ 3O (W4ü 
ÈMC[ Eh6̂G] Xh ;[C] Xe| 256  

 

9600 b/s 4ü EO Wd  GMSK (6[(\WNG 
ÝN_GCM \TíD[IG 4W";]NG) M[@̂QG 
O[O[ T[X4 %T̀\C IO XhC[ Xe| &W 
#B[Q] M» ;X[; íTN" 4h $IG] \íD\C 
$G^W[O \T\L> SOTDMA 5Ø@D M» 
êNT\íDC 4O QdCd Xe CD[ #ÙNd4 5"@ 
M» #W[OB SOTDMA \GNMD 4� $"C6ÁC 
X] XhC[ Xe| #ÙNd4 ;X[; $IGd 
W^\G\ë9C 5[9» M» X] #W[OB 4OC[ Xe 
C[å4 W"EdUD 4[ W"7�G G Xh I[.| 

.%'.W 4� #M̂5 #[9Q \GãG\Q\5C W[OB] M» åE. 6Nd Xe: 
 

KKKK�6[M Nh;G[�6[M Nh;G[�6[M Nh;G[�6[M Nh;G[ SOTDMA 

TDMA u�Mu�Mu�Mu�M QãK['QãK['QãK['QãK[' 60 s 

TDMA u�M M» 5[9D 4ü W"ËN[u�M M» 5[9D 4ü W"ËN[u�M M» 5[9D 4ü W"ËN[u�M M» 5[9D 4ü W"ËN[ 2250 

%M5̂%M5̂%M5̂%M5̂ 24 \KÔW\KÔW\KÔW\KÔW 

;X[;;X[;;X[;;X[; W_9G[W_9G[W_9G[W_9G[ EOEOEOEO 2 s–6    m 4� Kù9 4� Kù9 4� Kù9 4� Kù9  
W"9OB U\FW"9OB U\FW"9OB U\FW"9OB U\F 12.5W 

\WãKQ EO\WãKQ EO\WãKQ EO\WãKQ EO 9600 K[@K[@K[@K[@ 

#9[QG] %T\̀C#9[QG] %T\̀C#9[QG] %T\̀C#9[QG] %T\̀C K¾@K¾@K¾@K¾@ VHF25 kHz 25 kHz K¾@ \TíC[O 4� K¾@ \TíC[O 4� K¾@ \TíC[O 4� K¾@ \TíC[O 4�  2    9eGQ 9eGQ 9eGQ 9eGQ  (161.975 3O3O3O3O162.025MHz)  

 

(I'X %F[åOC (I'X %F[åOC (I'X %F[åOC (I'X %F[åOC / %' .W/ %' .W/ %' .W/ %' .W 

;X[; T[åXC .%'.W C"T 4[ IO[W 40 nm C4 
W]åMC Xe| ITU Gd .%'.W 4� E]7Á IO[W]N 
(INh6 4[ L] \TTOB åEN[ Xe \;W4[ W[TÁ\T4 
M[G]>OG CD[ WM̂2] IN[ÁTOB 4� W"OÈB 4� \Q. 
#Nh6 å4N[ ;[ W4C[ Xe| &W (ªdëN 4ü I_\CÁ 
4�TQ (I'X %F[åOC .%'.W O[O[ X] 4ü ;[ 
W4C] Xe|  
 

.%'.W 4ü W"4çIG[ $"CåOÈ M» $\L'XB 4� 
\Q. 4ü X] GXù 6' D]| $C# (I'X %F[åOC 
.%'.W    4�        4[N[ÁÝTNG XdC^    4W: C4G]4ü 
WMíN[.! CD[ #9[QG]N 9̂Gi\CN[! Xe|  

 

िचW िचW िचW िचW 2:2:2:2:        जहाज jारा ऐआईएस स(देश का जहाज jारा ऐआईएस स(देश का जहाज jारा ऐआईएस स(देश का जहाज jारा ऐआईएस स(देश का SOTDMASOTDMASOTDMASOTDMA        म� Qसारणम� Qसारणम� Qसारणम� Qसारण    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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WÝEdU W"7�GWÝEdU W"7�GWÝEdU W"7�GWÝEdU W"7�G    .%'.W WÝEdU 4� $\L'XB 4� \Q. 600 Wd 1000 å4M] 4ü )!9[' IO LEO (I'X WM_X 4ü %TUN4C[ 
Xh6]| &W )!9[' IO CD[ #\CeI] VHF /Ý>dG[ 4� Î"; \TíC[O 4� 4[OB (I'X 4[ t\` \TíC[O X;[OD G[å>4Q 
M[&çW (nm) 4[ Xh6[| $C# (I'X 4h .4 WMN M» $Gd4  SOTDMA 5"@ t\`6h9O XD6d (\9T 3)| .%'.W WÝEdUD 4[ 
#dÈB UTC Wd 4�TQ .4 SOTDMA 5"@ M» ĈçN4[\Q4 XhC[ Xe| 

$C# ;K (I'X $Gd4 / %' .W #d\VTD Wd WÝEdU $\L'[åXC 4Od6[ CK (G4[  %IW M» C[QMdQ GXù Xh6[| .4 X] 
WMN 5[9» M» 4' 5Ø@D 4� ;X[;D Wd W"EdU #[o  XhG» CD[ (G4�  W"7�G XhGd 4ü WãL[TG[ Ku ;[Nd6] ;eW[ å4 \9T 4 

M» EU[ÁN[ 6N[ Xe| 

ID \TQãKID \TQãKID \TQãKID \TQãK 

.%'.W WÝEdU 4[ \GM[ÁB 2 åMQ] Wd4Ø@ ID \TQãK 
4h ÜN[G O54O å4N[ 6N[ D[ Qdå4G (I'X IO NX 
\TQãK $\F4 Xe $C# W"7�G 4ü Eh \T\FN[! W"LT Xe: 

1. \T\L> SOTDMA 5Ø@D Wd .%'.W WÝEdU 4[ .4 X] 
5[9» M» #dVB| 

2. \T\L> SOTDMA 5Ø@D Wd .%'.W WÝEdU 4[ 
$Q6-$Q6 5[9D M» #dVB  Qdå4G ID \TQãK 4� 
4[OB WM4[\Q4 $\L'XB 

.%'.W WÝEdU M» 12 \K> 4[ E_O] \TQãK KvO \GåXC 
Xe C[å4 W"Q� 5[9D 4� WÝEdU $\CêN[I G[ Xh| 9600 
\K> EO 4� \Q. NX 202 nm \CNÁ4¨ IO[W 4� ĈçN Xe| 

\CNÁ4 ̈IO[W\CNÁ4 ̈IO[W\CNÁ4 ̈IO[W\CNÁ4 ̈IO[W = (12 \K>/9600 b/s) * 3 .108 M]/ Wd= 375 

å4M] ≈ 202G[å>4Q M[&çW (nm) 

 

600 å4M] 4ü )!9[' IO (I'X 4� \Q. NX 394 G[å>4Q 
M[&çW (nm) 4� L_- IO[W 4� KO[KO Xe (\9T 5)| $C# 800 
G[å>4Q M[&çW (nm) 4� #M[;Á \TíC[O C4 W"7�G 
IXQ] \T\F Wd 3O 800 G[å>4Q M[&çW (nm) 4� #M[;Á 
\TíC[O 4� K[XO E_WO] \T\F Wd XhC[ Xe| 

@[¤O #L[T@[¤O #L[T@[¤O #L[T@[¤O #L[T     

@[¤O %T̀\C \TíD[IG #dV4 CD[ $\L'[X] 4� 
%Id\È4 Td6 IO %F[åOC Xe| 

(I'X %F[åOC / %' .W M» ;X[; Td6 (I'X Td6 
4ü ĈQG[ M» K�C 4M Xe $C#  

@[¤O %T̀\C \TíD[IG ∆f = vr////λ,  

;X[! λ = c////f (= 1111....86868686 M]M]M]M]) Mi\Q4    .%'.W \W�Q 4[ 
CO"6Ee7NÁ Xe CD[ vr (I'X Td6 4[ 7>4 Xe ;h ;X[; 
4ü 2O \GE¼\UC Xe| 

#\CeI] LEO )!9[' CD[ .%'.W t\` ÈdT 4� \Q. $\F4CM @[¤O \TíD[IG 4 kHz Xe|    Èd\TN êN[\o 4ü WMåM\C 4� 
4[OB 

 
िचW िचW िचW िचW 4:4:4:4:    �विभ(न �विभ(न �विभ(न �विभ(न SOTDMASOTDMASOTDMASOTDMA    खंडk से Qाl खंडk से Qाl खंडk से Qाl खंडk से Qाl संदेशk का संघ,टनसंदेशk का संघ,टनसंदेशk का संघ,टनसंदेशk का संघ,टन        

     

िचW िचW िचW िचW 5:5:5:5:    6006006006004कमी क5 ऊँचाई उपf4कमी क5 ऊँचाई उपf4कमी क5 ऊँचाई उपf4कमी क5 ऊँचाई उपfह का ितय8क् परासह का ितय8क् परासह का ितय8क् परासह का ितय8क् परास 

 
िचW िचW िचW िचW 6:6:6:6:    ऐ आई एस ��i �ेW म� अिधकतम डा[लर �व0थापनऐ आई एस ��i �ेW म� अिधकतम डा[लर �व0थापनऐ आई एस ��i �ेW म� अिधकतम डा[लर �व0थापनऐ आई एस ��i �ेW म� अिधकतम डा[लर �व0थापन    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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@[¤O \TíD[IG -4444 kHz to +4444 kHz 4� K]9 OXC[ Xe||||    
$C# Eh W"EdUD 4� K]9 $\F4CM %Id\È4 @[¤O 8888 

kHz    Xh6[|||| 

/ %' .W $\L'[X] / %' .W $\L'[X] / %' .W $\L'[X] / %' .W $\L'[X]  
4[MtdT (COMDEV) G[M4 .4 4�IG] Gd .%'.W 4� 
\W�QD 4� $\L'XB 4� \Q. GeGh (I'XD 4[ \GM[ÁB 
å4N[ Xe| 

%G Kh@Á .%'.W $\L'[X] 4[ \GìI[EG M[I, L[O 
CD[ U\F %TëN4C[ Wd W]åMC Xh6[| $C# L_-%F[åOC $\L'[X] \;W4[ (I'X %F[åOC 7>4 \W�Q 4[ W"9N 4O 
%6d L_-%F[åOC $\L'[X] 4h %6d Ld; Ed, 4[N[ÁÝTNG 4� \Q. (IN^F Xh6[| \9T M» L_-$\L'[X] Å"5Q[ EU[ÁN] 6' Xe: 
\9T 8 M» / %' .W W"4çIG[ÙM4 G]CL[O 5"@ %Qd5 åE5[N[ 6N[ Xe|  

 
िचW िचW िचW िचW 8:8:8:8:    एआईएसएआईएसएआईएसएआईएस    संकqपना]मक नीतभारसंकqपना]मक नीतभारसंकqपना]मक नीतभारसंकqपना]मक नीतभार    

VHF /Ý>dG[ Wd #[o \W�Q 4h åJç>O 4O \GãG %T̀\C IO $FhIåOT\CÁC å4N[ ;[ W4C[ Xe| CÙIë9[C &W4[ 
$"4ü4OB 4O4� (\9C %T̀\C IO M[@̂QG 4O L_- %F[åOC $\L'[X] 4� 2O ÎG# #dVB å4N[ ;[ W4C[ Xe| 

 

L_L_L_L_----%F[åOC $\L'[X]%F[åOC $\L'[X]%F[åOC $\L'[X]%F[åOC $\L'[X] 
\9T 9 M» L_-%F[åOC $\L'[X] 4[ 5"@ %Od5 åE5[N[ 6N[ Xe| /Ý>dG[ Wd #[o \W�Q 4h %F[O K¾@ IO IåOTCÁG 4OGd 
Wd I_TÁ (W4[ W"W[FG RF $'["C Wd XhC[ Xe \;WM» \GãG O[T #TFÁ4, %T̀\C $FhIåOTCÁ4 CD[ åJç>O \GåXC XhC[ Xe| 

A/D IåOTCÁ4 IF \W�Q 4[ $"4üN GM_G[ %F[O K¾@ 4h EdC[ Xe| NX $"4üN \W�Q KvO M» W"\9C 4O CM Wd .4 
åJç>O K¾4 Wd I[O 4O4� \TM[@̂\QC å4N[ ;[C[ Xe| 

    
िचW िचW िचW िचW 9:9:9:9:    एआईएसएआईएसएआईएसएआईएस    का खंड आरखेका खंड आरखेका खंड आरखेका खंड आरखे    

;eW[å4 IXQd TBÁG å4N[ 6N[ Xe (I'X %F[åOC 
.%'.W Wd #[o \W�Q M»  (I'X Td6 4� 4[OB @[¤O 
\TíD[IG -4444 kHz to +4444 kHz 4� K]9 OXC[ Xe| E_WO] 
9̂GiC] (I'X /Ý>dG[ 4� \TU[Q t\` ÈdT M» .4 X] 
5[!9d M» .4 Wd $\F4 .%'.W WÝEdU 4[ $\L'XB 
3O W"7�G|  

 
िचW िचW िचW िचW 7:7:7:7:    भूभभूूभू----अिभfाहE ऐआईएसअिभfाहE ऐआईएसअिभfाहE ऐआईएसअिभfाहE ऐआईएस    

        
िचW िचW िचW िचW 10 10 10 10 4फqटर बrक4फqटर बrक4फqटर बrक4फqटर बrक    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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&W WMíN[ 4� WM[F[G 4� \Q. $\L'[X] W"O9G[ M» .4 åJç>O K¾4 CD[ 3    WM[G["CO \TM[@4 U[5[2" 4[ WM[TdU 
å4N[ 6N[ Xe| “åJç>O K¾4” @[¤O \TíD[IG O[O[ #E[G å4 6' %T̀\C \T\TFC[ 4[ J[NE[ (?[C[ Xe| NX \9T 10 M» 
EU[ÁN[ 6N[ Xe ;X[! .%'.W 9eGQ K¾@ 4h 3 $\CêN\IC (I K¾ÖW M» \TL[\;C å4N[ 6N[ Xe| #ÙNd4 (I K¾@ 4[ K¾@ 
\TíC[O \W�Q \K> EO 4� KO[KO CD[ 0.3Rb Wd \TíD[\IC Xe| 

#ÙNd4 U[5[ 4[ \GM[ÁB .%'.W 9eGQ 4� 4�TQ .4 åXíWd 4[ \TëQdUB 4OGd 4� \Q. å4N[ 6N[ Xe| #ÙNd4 U[5[ M» 
KvO Wd $"4üN WeãIQ Qd4O (W4[ \TM[@QG CD[ W"W_9G XhC[ Xe| #ÙNd4 U[5[ M» $\F'XB, $W"WF W"W_9G (Non-

coherent detection) CD[ CRC WÙN[IG Î\`  4�  (I 5"@ XhCd X¾| 

/ %' .W WÝEdU å4 W_9G[ \KÔW 4[ NRZI 4h@G 4O4� &G \O�^T] \WãKçW 4[ $"CO] 4h@G &W $G^CM an = bn an-1, 

n ≥ 0 M» å4N[ ;[C[ Xe| $"CO] 4h@G 4� Ië9[C 4h@G å4Nd 6Nd \WãKçW GMSK (6[(\WNG ÝN_GCM \TíD[IG 
4W";]NG) M[@\QC å4Nd ;[Cd X¾| 

 

#[o \W�Q r(t) 9eGQ] NhÑN 6[(W]N OT (AWGN) z(t), 4� W[D #[o XhC[ Xe  

;X[! ∆f \W�Q 4ü T[X4 %T̀\C Wd %JWd> Xe CD[ Φ0 T[X4 4Q[ %JWd>  Xe| 

GMSK 4� \Q. $"CO] W"W_9G (differential detection) 

W^\TF[;G4 Xe ÊNDå4 (WIO E]7Á @[¤O IO[W CD[ C[ÙÈ\B4 
%T̀\C .T" 4Q[ IåOTCÁG 4[ #L[T 4M 
ItC[ Xe CD[ &W W"W_9G Nh;G[ 4[ 
4[N[ÁÝTNG %W[G] Wd å4N[ ;[ W4C[ 
Xe| Eh WKWd WOQ W"W_9G C4G]4 X¾ – 1-

\K> 3O 2-\K> $"CO] W"W_94| 

$;ÁG 4� \Q. 1-\K> W"W_9G 4[ #Nh6 
å4N[ 6N[ Xe| #[o WeãIçW 4[ 1-\K> 
\TM[@̂QG 4O4� (WM» %M̂5 W^MdQG 
(Preamble match)  å4N[ ;[C[ Xe| NåE %T̀\C 
%JWd> É[C XhC[ Xe Ch NX C4G]4 WX] 4[M 
4OC] Xe Qdå4G $\F4 @[¤O IO[W XhGd 4� 
4[OB %M̂5 W^MdQG  

4ü \CN[ 4' %T̀\C \KÝW IO EhXO[G] ItC] 
Xe| 

%M̂5 #[o XhGd IO 2-\K> \TM[@̂QG å4N[ 
;[C[ Xe ÊNDå4 (W4[ BER \GìI[EG 3 dB 

KdXCO XhC[ Xe| \9T 11 M» W"4O W"W_94 áQ[4 åE5[N[ 6N[ Xe : 

2-\K> \TM[@̂QG 4� Ië9[C #[o 168 W_9G[ @d>[ \KÔW 4[ CRC \G4[Q 4� $G^K"\FC CRC 4� W[D W^Md\QC å4N[ ;[C[ 
Xe| W^MdQG &W K[C 4[ W"4�C Xe å4 / %' .W Kí>Á 4[ WJQ W"W_9G Xh 6N[ Xe| 

\GìI[EG IåOB[M\GìI[EG IåOB[M\GìI[EG IåOB[M\GìI[EG IåOB[M 

9eGQ] NhÑN 6[(W]N OT (AWGN) 9eGQ M» (IOhF T\BÁC å4Nd 6Nd $\L'[X] 4[ \GìI[EG PER TC (PER curve) 4� eI 
M» \9T M» EU[ÁN[ 6N[ Xe| $G^eIB IåOÈB M» .4 Ie4�> N[ u�M M» T̂å> \GãG 4[OBD Wd Xh W4C] Xe - %M̂5 W^MdQG G[ 
Xh I[. N[ #d\VT WÝEdU 4� CRC 4[ $\L'[åXC WÝEdU Wd \G4[Qd 6Nd CRC Wd W^MdQG G[ Xh I[.| \9T M» (IOhF T\BÁC 

 

 िचW िचW िचW िचW 11: 11: 11: 11: संकर संसूचक sलाकसंकर संसूचक sलाकसंकर संसूचक sलाकसंकर संसूचक sलाक 

 
िचिचिचिचW W W W 12: 12: 12: 12: Q0ता�वत अिभfाहE का Q0ता�वत अिभfाहE का Q0ता�वत अिभfाहE का Q0ता�वत अिभfाहE का PERPERPERPER    िनYपादन वtिनYपादन वtिनYपादन वtिनYपादन वt    
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å4Nd 6Nd $\L'[X] 4ü ĈQG[ .4 W[F[OB $\L'[X], \;WM» @[¤O %T̀\C W"UhFG G[ Xh, Wd 4ü 6' Xe| ;eW[ å4 Ed5[ 
;[ W4C[ Xe &W $\L'[X] 4[ PER \GìI[EG KdXCO Xe CD[ NX ±4 KHz 4� @[¤O 4[ \TíD[IG WX W4Gd M» WÈM Xe| 

NåE $\L'[X] 4h .4 X] WMN 5[9» M» 
.4 Wd $\F4 WÝEdU \T\L> @[¤O 
\TíD[IG 4� W[D #[o XhCd Xe Ch /W] 
\íD\C M» L] $\L'[X] 4� \GìI[EG 4[ 
M_çN["4G å4N[ 6N[ Xe| Eh WM4[\Q4 
.%'.W Kí>Á \;G4[ %T̀\C  \TíD[IG 
5200 Hz  Wd $\F4 Xh  $\L'åXC XhGd IO 
IO PER TC \9T M» EU[ÁN[ 6N[ Xe| 

 

(IW"X[O(IW"X[O(IW"X[O(IW"X[O 

L[OC EdU 4ü C>]N W^OÈ[ 4� \Q.    .%'.W #B[Q] .4 MXÙTI_BÁ W"L[\TC $G^#Nh6 \W; Xh W4C[ Xe| (I'X 
%F[åOC .%'.W M» ;h C4G]4ü WMíN[.! Xe (G4[ ÜN[G O54O &W Qd5 M» .4 L_-%F[åOC $\L'[X] #íC[\TC 
å4N[ 6N[ Xe| .4 C4G]4ü \T4[W IåONh;G[ 4� $"C6ÁC &W4[ $G^eIB .T" \CN[ÝTNG å4N[ 6N[ Xe| \GìI[EG 
TC Wd NX \Gì4VÁ \G4QC[ Xe å4 W"4O $"CO] W"W_9G IO %F[åOC NX $\L'[X] ±    4 kHz @[¤O \TíD[IG M» L] / %' 
.W Kí>Á 4[ \TM[@̂QG 4OGd M» WÈM Xe| .4 Wd  

$\F4 Kí>Á %Gd IO NåE &G4[ @[¤O \TíD[IG 5200 Hz Wd $\F4 Xe Ch åJç>O K¾4 4� 4[OB WÝEdU W"7�G 4M CD[ 
W"W_9G W"L[TG[ Ku ;[C] Xe| @[¤O %T̀\C 4� KdXCO %4QG O[O[ CD[ W"W_\9C WÝEdU 4[ .4 X] 5["9d M» #[o W"EdUD 
Wd \TNh;G 4O4� &W $\L'[X] 4ü \GìI[EG ÈMC[ 3O L] Ku[' ;[ W4C] Xe|    
 

W"ELÁ#W"ELÁ#W"ELÁ#W"ELÁ#---- 

i) / %' .W 4[ C4G]4ü $"COB Qd5 

SAC/SNAA/SSTG/SATD/TN/2012/02/April 2014 

(ii)  ITU-R M.1371-1 C4G]4ü IO[MUÁ 
(iii) TdK WÝELÁ 

Qd54Qd54Qd54Qd54 IåO9NIåO9NIåO9NIåO9N  

Å]Å]Å]Å] .W .G WC[\UN[.W .G WC[\UN[.W .G WC[\UN[.W .G WC[\UN[ Gd TVÁ 1981 M» 6^;O[C >d\ÊG4Q .;^4�UG Kh@Á Wd &QdÊ>Äf\G4ü CD[ W"9OB 
$\LN["\T4ü M» å@¤hM[ CD[ TVÁ 1989 M» .Q@] 4[Qd; $XME[K[E Wd &QdÊ>Äf\G4ü $\LN["\T4ü M» 
K].'. å@'] #[o 4ü| (ÝXDGd TVÁ 1984 M» &WOh $"CåOÈ (INh6 4�Ý2 M» 4[NÁ %O"L å4N[| (ÝX» 
(I'X %F[åOC %IE[ 9dC[TG] CD[ W"9OB #B[Q] 4� \Q. &WOh Wd ‘>]M .ÊW]Q»W’ ÎOí4[O 
#E[G å4N[ 6N[ X¾| TCÁM[G M» TX     .W/>]@]/.W.G// #L[6 M» #F[G 4� IE IO 4[NÁOC X¾| 

 

  

Å]MC]Å]MC]Å]MC]Å]MC] Q]G[ 4hXQ] 4I_OQ]G[ 4hXQ] 4I_OQ]G[ 4hXQ] 4I_OQ]G[ 4hXQ] 4I_O Gd TVÁ 1992 M» %''>] Q5G) Wd &QdÊ>Äf\G4ü    $\LN["\T4ü M» K].'. 

å@'] #[o 4ü .T" 2004  M» \KÔW \IQ[G] Wd W"9OB  $\LN["\T4ü M» .M.'. å@'] #[o 4ü Xe| TVÁ 2004 
M» &WOh 4� $"CåOÈ  (INh6 4�Ý2 M» 4[NÁ %O"L å4N[| TCÁM[G M» TX .W/>]@]/.W.G//    #L[6 
M» 4[NÁOC X¾| 

      

*** 

 

िचW िचW िचW िचW 13: 2 13: 2 13: 2 13: 2 ब0ट8 Qित खांचा के िलये Q0ता�वत अिभfाहE का ब0ट8 Qित खांचा के िलये Q0ता�वत अिभfाहE का ब0ट8 Qित खांचा के िलये Q0ता�वत अिभfाहE का ब0ट8 Qित खांचा के िलये Q0ता�वत अिभfाहE का PERPERPERPER    िनYपादनिनYपादनिनYपादनिनYपादन    
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W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6 

(t[G @d>[ \TëQdVB O[O[ .NO KhGÁ W»WO 4[ #EUÁG (t[G @d>[ \TëQdVB O[O[ .NO KhGÁ W»WO 4[ #EUÁG (t[G @d>[ \TëQdVB O[O[ .NO KhGÁ W»WO 4[ #EUÁG (t[G @d>[ \TëQdVB O[O[ .NO KhGÁ W»WO 4[ #EUÁG M_çN["4G M_çN["4G M_çN["4G M_çN["4G     
\;CdÝ2 4WM[O, G_CG 4WM[O] .T" I]W]';] >]M  

I]W].WT]@]/Wd@[, $"CåOÈ (INh6 412, $XME[K[E 

W[OW[OW[OW[O:::: 
L[OC M» Li6h\Q4 ÈdTD, ;QT[N^ ÈdTD CD[ íD[GD 4� W[D W[D (g 7GÙT %K[E] M» \GO"CO IåOTCÁG XhC[ OXC[ Xe| 
$C# W^E_O W"TdEG T[\G4ü, 4_\V,UXO] J�Q[T %åE 4� K[Od M» @d>[ &4Î[ 4OGd 4[ WKWd $Ï:[ CO]4[ Xe| TBÁCM]N K¾@, 
;M]G \TLdEG ÈMC[, O]\T\;> WMN, I[W WMN 4� K[Od M» I_TÁ %'%O.W åMUG Wd #[o êN[I4 $G^LT Gd .NO KhGÁ 
&Md\;"6 4ü GùT G]9d O5] Xe| TCÁM[G åEGD M» .NO KhGÁ %F[åOC åOMh> W»\W"6 Gd panchromatic, K�-íIdÊ>ÄM] 3O 
X[&IO íIdÊ>ÄQ &Md\;"6 4� ÈdT M», (g \TLdEG ÈMC[, #B[Q] $"U["4G, quick look display 4ü W]M[2" IO K�C #L[T] 
CO]4� Wd ÝN_GCM 4O åEN[ Xe| 

W"4�CW"4�CW"4�CW"4�C(4üT@Á): .NO KhGÁ, AHySI, ANano, ATMC, SNR, Od@]N»W 

G[M[TQ]G[M[TQ]G[M[TQ]G[M[TQ]::::  
AHySI-.NOKhGÁ X[&IOíIdÊ>ÄQ &Md;O 
ANano-.NOKhGÁ multispectral GeGh IdQh@ 
ATMC-.NOKhGÁ >dOdG Me\I"6 4�MO[ 
.W.G%O-\W�Q >_ Gh&W OdW]2 
FOV Jüç@%J êN_ 
IFOV C[Ù4[\Q4 Jüç@%J êN_ 
SWR-í�[NO TdT åOíI["W 
'2- &QdÊ>Äh 0\ß>4Q 
Wd@[-W»WO \T4[W ÈdT 
ÊN_.Q@]-4W&¦ Q^4 å@í¤d 

 

IåO9NIåO9NIåO9NIåO9N:::: 
(§NG M"T[QN 4ü MEE Wd SEDA 6C\T\FND M» WCC eI Wd .NOKhGÁ &Md\;"6 4� \T\L> WTD 4h \CN[\ÝTC å4N[ ;[ 
OX[ Xe| X[Q X] M», G[6ÎO, 4>4 3O $�B[9Q #EdU 4� ÈdTD M» multispectral 3O X[&IO íIdÊ>ÄQ @hMdG M», .NO KhGÁ 
&Md\;"6 4ü 6N]| &G .NO-KhG¼ &Md\;"6 M» AHySI, ANano 3O ATMC &QdÊ>Äh 0\ß>4Q W»WOD 4[ #Nh6 å4N[ 6N[| 
(I'X &Md;O]4� WÝELÁ M» .NOKhGÁ &Md\;"6 4� $IGd J[NEd 3O W]M[." X¾| (GM» Wd 4W: $Fh\Q\5C X¾: 

� We>dQ[&> &Md;O] .4 (g )"9[' Wd .4 IåOCM[ (I'X O[O[ \QN[ ;[C[ Xe, ;Kå4 .NOKhGÁ &Md\;"6 ÌÚT] 4� 
T[N^M"@Q 4� L]CO XT[' ;X[; Wd 4ü ;[C] Xe, $C# &W IåO4çIG[ M» $"CåOÈ M» W»WO #\CíD[\IC 4OGd 4ü 
;eOC GXù Xe|N;\I We>dQ[&> &Md;O] $IdÈ[4_C WíC[ (:\T #\C Q[6C) Xe| 

� W[M[ÝNC#, ;X[! KdXCO íI`C[ 3O \TTOB 4ü M["6 Xe, (G ÈdTD 4� \Q. .NOKhGÁ &Md\;"6 M» #N^F '2 W»WO 
ultra-high resolution (4M )"9[' 4� 4[OB ) #E[G 4OCd X¾| TCÁM[G M» We>dQ[&> &Md;O] L] Ktd ÈdTD 4ü 
(EdUêN[I]) 4TOd; 4� \Q. #E[C[2" 4h (g \TLdEG ÈMC[ 4� %"4td EdGd M» WMDÁ Xe| 

� .NOKhGÁ \9TB EdU 4� L]CO X] W]åMC Xe, ;Kå4 We>dQ[&> &Md;O] \TëT LO M» 4Xù L] W"LT Xe| 

.NOKhGÁ &Md\;"6 M», .NO \TM[G 4ü turbulences 4ü T;X Wd OhQ T̂å>ND Xh W4Cù X¾, \;ÝX» :\T #W"í4OB #\CN[ND 
O[O[ K[E M» ?]4 å4N[ ;[ W4C[ Xe| å4W] W»WO 4[ #EUÁG M_çN["4G, (WWd #[o 4gd íCO 4� @d>[ Wd>D 4� \TëQdVB 
CD[ QeK %"4@D Wd êN^ÙI> \T\U`C[2" 4� ĈQG[ÙM4 \TëQdVB 4� %F[O IO å4N[ ;[C[ Xe| $C# &G @d>[Wd>D Wd 
6\CU]Q O»;, :\T 4�>Ä[í>,\IÊWdQ êNTX[O,SNR %åE %"4tD 4h êN^ÙI> å4N[ 6N[| &G M[IE"@D 4ü 6̂BTÇ[ 4� 
%F[O IO, &G W»WhOD 4h íIdW KhGÁ (We>dQ[&> &Md;O]) M» L] #Nh6 å4N[ ;[ W4C[ Xe| 9_å4� .NOKhGÁ &Md\;"6 M» 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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ÊN_.Q@] W^\TF[ 4� 4[OB tëN #E\UÁC å4N[ ;[ W4C[ Xe, &W\Q. :\T $\F'XB Wdå>"ÌW O[O[ $aCG 4O KdXCO 
6̂BTÇ[ 4� %"4td #[o å4Nd ;[ W4C» X¾| 
 

#NF̂ W»WOD 4� K[Od M»#NF̂ W»WOD 4� K[Od M»#NF̂ W»WOD 4� K[Od M»#NF̂ W»WOD 4� K[Od M»::::    
.NO-KhG¼ &Md\;"6 M» AHySI, 
ANano 3O ATMC &QdÊ>Äh 
0\ß>4Q 4�MOd CMU# X[&IO 
íIdÊ>ÄQ,multispectral, 3O 
C]G 9eGQ panchromatic 
ÅdB] 4� X¾| Q÷N ÈdT 4ü 
\T\U`C[2" 4h $\F4\F4 
WM[åXC 4OGd 4� (ªdëN Wd, &G 
W»WOD 4h .NO-KhG¼ &Md\;"6 M» 
U[åMQ å4N[ 6N[| 

&G W»WOD 4ü å@;[&G 
\TUdVC[N» CD[ tëN-%Od5 C[\Q4[-1 . Wd 1 W] 3O \9T-1 . Wd 1-W] M» W_9]K; X¾| 

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----1 1 1 1 ....::::.NOKhGÁ X[&IOíIdÊ>ÄQ &Md;O .NOKhGÁ X[&IOíIdÊ>ÄQ &Md;O .NOKhGÁ X[&IOíIdÊ>ÄQ &Md;O .NOKhGÁ X[&IOíIdÊ>ÄQ &Md;O ((((AHAHAHAHyyyySISISISI))))    

IeO[M]>O \T\U`C[ \T\U`C[ 
\IÊWdQ \I9 (M[&ChG) 50 

.4ü4OB WMN (ms) 51.8 

K¾@ W"ËN[ 512 

íIdÊ>ÄQ 4TOd; (µm) 0.47-0.99 

FOV (across track/along track) ±5.80 / ±11.60 

IFOV (µrad) 800 

IåOM[B]4OB Quantization (Bits) 12 

Q[L Wdå>"ÌW 4ü W"ËN[  4 

.ÊWIh;O  Wdå>"ÌW 4ü W"ËN[ 4 

SWR (%) >20 

\IÊWQ W"ËN[ 256 

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----1 1 1 1 K]K]K]K]: : : : .NOKhGÁ .NOKhGÁ .NOKhGÁ .NOKhGÁ multispectral multispectral multispectral multispectral GeGh IdQh@ GeGh IdQh@ GeGh IdQh@ GeGh IdQh@ ((((ANanoANanoANanoANano)))) 
Parameter Specification 

\IÊWdQ \I9 (M[&ChG) 7 

.4ü4OB WMN (ms) 3.23 

K¾@ W"ËN[ 4 

íIdÊ>ÄQ 4TOd; (µm) 
B1 : 0.45-0.52, B2 : 0.52-0.59 

B3 : 0.62-0.68, B4 : 0.77-0.86 

FOV (across track/along track) ± 6.680 

IFOV (µrad) 58.3 

IåOM[B]4OB Quantization (Bits) 12 

Q[L Wdå>"ÌW 4ü W"ËN[  4 

.ÊWIh;O  Wdå>"ÌW 4ü W"ËN[ 16 

SWR (%) B1: >20, B2:> 20, B3:> 20, B4: >10 

\IÊWQ W"ËN[ 4000 

C[\Q4[C[\Q4[C[\Q4[C[\Q4[----1 1 1 1 W]W]W]W]: : : : .NOKhGÁ >dOdG Me\I"6 4�MO[ .NOKhGÁ >dOdG Me\I"6 4�MO[ .NOKhGÁ >dOdG Me\I"6 4�MO[ .NOKhGÁ >dOdG Me\I"6 4�MO[ ((((ATMCATMCATMCATMC)))) 
Parameter Specification 

 

\9T\9T\9T\9T----1111AAAA: : : : AHAHAHAHyyyySI SI SI SI 4[ tëN4[ tëN4[ tëN4[ tëN----%Od5%Od5%Od5%Od5 

 

\9T-1K]: ANano 4[ tëN-%Od5 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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IeO[M]IeO[M]IeO[M]IeO[M]>O M_çN["4G \W;["C>O M_çN["4G \W;["C>O M_çN["4G \W;["C>O M_çN["4G \W;["C::::    
'2 W»WO 4[ #EUÁG M_çN["4G, \T\L> 4gd íCO 4� @d>[ Wd>D 4� 
\TëQdVB 4� %F[O IO å4N[ ;[C[ Xe| &G @d>[Wd>D 4[ 6\CU]Q O»;, 
:\T 4�>Ä[í>,\IÊWdQ êNTX[O 3O SNR 4� W"ELÁ M» \TëQdVB å4N[ 
6N[| &G M[IE"@D 4ü 6BG[ 4OGd 4� \Q. &G-X[(W .ç6håOEM 
\T4\WC å4. 6.| .NO KhGÁ \9TB Wd #[o %4@D Wd &G M[IE"@D 4ü 
6BG[ 4OGd 4� \Q. #N^F 4[NÁ#B[Q] W"\Èo M» T\BÁC Xe| 

• NX IeO[M]>O W"TdE4 O[O[ I";]4_C @].G %4@D 4h EU[ÁC[ Xe| 

• Wfà>TdNO \T\L> :\TND 4� #ÙNd4 í4�G I"\F 3O \IÊWdQ 4h 
CMU# í4�G 4OC[ Xe 3O W"TdE4 O[O[ $TQhå4C @].G %4@D 4[ 
åXí>h'[M (ÙI> 4OC[ Xe| 

6\CU]Q O»; 4TOd; M», W"TdE4 O[O[ 
$TQhå4C ÝN_GCM Wd $\F4CM M[G C4 4� 
@].G %4@» W[OB]K; 3O ¤f> å4. ;[Cd X¾| 
ATMC W»WO 4[ 6\CU]Q O»; 4TOd; 4[ 
#hJ[&Q %"4t[ \9T-2A M» åE5[N[ 6N[ Xe| 

• :\T åXí>h'[M Wd, Od@]N»W 6BG[ QeK 
M» .4\TC .Q>]W] @d>[ (#ÙNd4 
\IÊWdQ 4� \Q. 0JWd> 3O AQ[G 
.QN_>] 4� eI M») 4� %F[O IO @].G 

CD[ Od@]N»W 4[ Od\5NC[ 6̂B["4 #[o 
4O \QN[ ;[C[ Xe| 

• &W .QN_>] C[\Q4[ 4[ (INh6 4O, @].G M_çND 4h, Od@]N»W %4@D M» KEQ \QN[ ;[C[ Xe| 

• \W�Q >_ Gh&W OdW]2 (SNR)• 5"@ Q"K[' 3O .W@] (standard deviation) 4h 9O 4� eI M» M[G4O, \T\L> 
&Md\;"6 %4@D M» Wd,    I_Od 6\CU]Q O»; 4� \QNd .4WM[G ÈdTD 4ü IX9[G 4ü ;[C] Xe| 

• .4 ÷dWXhç@ .W@] W]M[ 4� %F[O IO, &G  .4WM[G ÈdTD IO Wd SNR 4ü 6BG[ 4ü ;[C] Xe| 

• 4h' L] 5"@ \;W4[ .W@] M[G, ÷dWXhç@ .W@] W]M[ Wd $\F4 Xe, 4h SNR 6BG[ M» (Id\ÈC 4O åEN[ ;[C[ 
Xe| 

\IÊWdQ \I9 (M[&ChG) 7 

.4ü4OB WMN (ms) 3.23 

íIdÊ>ÄQ  K¾@  CD[ K¾@\TD (µm) C]G panchromatic K¾@,0.50-0.75 

í>]åONh &Md\;"6 
Along track triplet  

F: 24.970, N: 00, A: 25.710 

FOV (across track) F: ±5.650,N: ±5.730,A: ±5.650 

IFOV (µrad) 50 

IåOM[B]4OB Quantization (Bits) 12 

Q[L Wdå>"ÌW 4ü W"ËN[  4 

.ÊWIh;O  Wdå>"ÌW 4ü W"ËN[ 4 

SWR (%) >10 

 

\9T-1W]: ATMC 4[ tëN%Od5 

 

  \9T-2A: ATMC 6\CU]Q O»; 4TOd; 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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&W \T\F M» 4gd :\T %4@D 4ü XO \IÊWdQ 4� \QNd ;["9 XhC] Xe| XO \IÊWdQ 4� \Q., 5"@ Q"K[' 4ü .4 9\QC 
\5t4ü, #DM Q[&G Wd %OãL 4ü ;[C] Xe| &W \5t4ü 4h #ÙNd4 EhXO[T IO 1-Q[&G \Uà> 4O SNR .W.G%O 4ü 
6BG[ 4ü ;[C] Xe| 

&W I_O] #å4N[ M», #ÙNd4 @].G M[G 4� \QNd 
$\F4CM SNR M_çN 4ü .4 C[\Q4[ 4h 
KG[. O5[ ;[C[ Xe| NX #\CN[ SNR M_çND 
4h êN[I4 O»; IO #[o 4OGd 4� \Q. 4' 
:\T \9TD IO 9Q[N[ ;[ W4C] Xe| 
3WC M[G CD[ $\F4CM SNR 4� \Q. 
$"\CM C[\Q4[ CD[ ¤[> (ÙI> 4O \QNd 
;[Cd X¾| 

AHYSI K¾@-60 4� \Q. .4 SNR #hJ[&Q 
%"4t[ \9T-2 K] M» åE5[N[ 6N[ Xe| 

 

:\T 4�>Ä[í> $GÎ[C:\T 4�>Ä[í> $GÎ[C:\T 4�>Ä[í> $GÎ[C:\T 4�>Ä[í> $GÎ[C    

• å4W] :\T M» (IQáF :\T 4�>Ä[í> 4ü 6BG[ 
%W> \IÊWdQ ;htd M» $\F4CM @].G M[G 4� 
$"CO 4� \Q. 4ü ;[C] Xe| 

•\T\L> Oh-&Md\;W 4ü #ÙNd4 Q[&G 4h í4�G 
4O, XO .4 \IÊWdQ 4� \QNd :\T 4�>Ä[í> M[G 
4h É[C 4O \QN[ ;[C[ Xe| 

ANano, K¾@-3 4� \Q. Along 3O Across >Äe4 4� 
:\T Mfø_QG W_94["4 (%(>Î> 4�>Ä[í> $G^I[C) \9T-2 W] M» åE5[N[ 6N[ Xe| 
ANano, K¾@-4 4� W[M[ÝN .NOKhGÁ :\T %Od5 4h \9T-3 M» åE5[N[ 6N[ Xe| 

\9T\9T\9T\9T----3333: : : : ANano ANano ANano ANano K¾@ K¾@ K¾@ K¾@ ----4 4 4 4 ((((80 80 80 80 M[&ChGM[&ChGM[&ChGM[&ChG) ) ) ) W»WO O[O[ Ed5[ 6N[ 4>4 ÈdTW»WO O[O[ Ed5[ 6N[ 4>4 ÈdTW»WO O[O[ Ed5[ 6N[ 4>4 ÈdTW»WO O[O[ Ed5[ 6N[ 4>4 ÈdT, , , , \;W4ü L_\;W4ü L_\;W4ü L_\;W4ü L_----\TLdEG ÈMC[ \TLdEG ÈMC[ \TLdEG ÈMC[ \TLdEG ÈMC[ ~ ~ ~ ~ 1111meter meter meter meter ((((15151515KmKmKmKm, , , , (t[G )"9[' Wd(t[G )"9[' Wd(t[G )"9[' Wd(t[G )"9[' Wd)))) 

MC̀ MC̀ MC̀ MC̀ / / / / KÔ[ \IÊWdQ \GF[ÁOBKÔ[ \IÊWdQ \GF[ÁOBKÔ[ \IÊWdQ \GF[ÁOBKÔ[ \IÊWdQ \GF[ÁOB    

 

\9T-2 K]: AHYSI K¾@-60, :\TN[! Wd SNR 4ü #hJ[&Q 

\9T-2 W]: ANano K¾@ -3, :\T Mfø_QdUG #hv[&Q 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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• I_O] :\T 4h #ÙNd4 \IÊWdQ N[G] I_O] W]W]@] \IÊWdQ Q"K[' 4� \Q. 4� \Q. í4�G å4N[ ;[C[ Xe, 3O &W #4[O Wd 
:\T ÝN_GCM .T" :\T $\F4CM M[G 4[ IC[ Q6[ \QN[ ;[C[ Xe| 

• &W :\T ÝN_GCM .T" :\T $\F4CM M[G 4� K]9 $"CO v / s \IÊWdQ 4� W[D W[OB] KG[ 4O .4 ¤[> 4� eI M» 
#E\UÁC 4O \QN[ ;[C[ Xe| 

4h' L] \IÊWdQ \;W4� \Q. NX M[G $ÝCO U_ÝN N[ K�C 4M I[N[ ;[C[ Xe, TX .4 M̀C N[ K̂O[ \IÊWdQ 4� \Q. .4 
(ãM]ET[O Xh W4C[ Xe, 3O (Wd %6d 4ü ;["9 4� \Q. 9N\GC 4O QdCd X¾| K̂O[ \IÊWQ 4� \Q. W"L[\TC 4[OBD M», 
}h4 N^ÌMG 4� 4[OB WáW>Äd> EhV, T[C[TOB]N W"E_VB %åE X¾| 
 

\GìI[EG M_çN["4G .T" IåOB[M\GìI[EG M_çN["4G .T" IåOB[M\GìI[EG M_çN["4G .T" IåOB[M\GìI[EG M_çN["4G .T" IåOB[M::::    
NX[! T\BÁC .NO-KhGÁ (I4OBD 4h \T\L> \TÝN[WD M» W"9[\QC 4O 3O @d>[ Wd> E;Á å4. 6.| &G \T\L> :\T %"4tD 
4� \TUQdVB Wd IåOB[M êN^ÙI[åEC å4Nd 6Nd| &W #4[O Wd Nd IåOB[M .NO-KhGÁ (I4OBD 4ü (t[G-EiO[G \GìI[EG 
ÈMC[ 3O (G4� O[O[ í4�G å4Nd 6Nd \T\L> :\TND 4� $TQh4G 6̂BTÇ[ 4ü å>ßI\BND 4h K[XO Q[C» X¾| &G 
IåOB[MD 4ü #Nh6U[Q[ (ÙI> %"4tD 4� W[D ĈQG[ 4ü 6'| C[\Q4[ -3, .NOKhGÁ \9TD Wd \G4Qd 6Nd IåOB[MD 3O 
#Nh6U[Q[ 4� IåOB[M CD[ å@s[&G \T\U`C[2" 4� W[D, &G W»WOD 4[ ĈQG[ÙM4 #EUÁG #íĈC 4OC[ Xe| 

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 3333: : : : (t[G(t[G(t[G(t[G----EhO[G W»WO 4ü \GìI[EG M_çN["4G EhO[G W»WO 4ü \GìI[EG M_çN["4G EhO[G W»WO 4ü \GìI[EG M_çN["4G EhO[G W»WO 4ü \GìI[EG M_çN["4G 4[ W[O["U4[ W[O["U4[ W[O["U4[ W[O["U    

AHySI, E3G2 \TÝN[W 6\CU]Q O»; W"C̀o Od@]N»W .W.G%O  

K¾@ 
å@s[&G 
\T\U`C[ 

:\T 
êN^ÙI[åEC  

å@s[&G 
\T\U`C[ 

:\T 
êN^ÙI[åEC  

\T\U`C[
@@].G  

:\T êN^ÙI[åEC 
.W.G%O  

60 >4000 2873 41.9 27.4 
210@190

0 
250@2200 

170 >4000 4000 18.6 18.1 
300@300

0 
350@4000 

350 >4000 4000 22.7 22.1 
325@338

0 
350@3700 

500 >4000 3744 18.3 16.5 
280@290

0 
280@3200 

 

ANano, E1G3 \TÝN[W 6\CU]Q O»; W"C̀o Od@]N»W .W.G%O  

K¾@ 
å@s[&G 
\T\U`C[ 

:\T êN^ÙI[åEC  
å@s[&G 
\T\U`C[ 

å@s[&G 
\T\U`C[ 

å@s[&G 
\T\U`C[  

:\T 
êN^ÙI[åEC 

60 >4000 4000 35.5 34.6 93@1000 37@900 

170 >4000 4000 31.1 30.3 110@1200 40@900 

350 >4000 4000 46.8 45.7 122@1300 45@1300 

500 >4000 3697 56.6 50.8 61@850 35@1100 
 

ATMC, \TÝN[W 6\CU]Q O»; W"C̀o Od@]N»W .W.G%O  

K¾@ 
å@s[&G 
\T\U`C[ 

:\T êN^ÙI[åEC  
å@s[&G 
\T\U`C[ 

å@s[&G 
\T\U`C[ 

å@s[&G 
\T\U`C[  

:\T 
êN^ÙI[åEC 

FORE,E1G2 >4000 4000 10.8 10.4 550@3900 420@4000 

AFT,E2G1 >4000 4000 25.6 24.9 530@3600 420@4000 

NADIR,E3G1 >4000 4000 20.9 20.5 560@3900 420@3800 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ:::: 
WL] W»WhOD 4� #ÙNd4 K¾@ 4� \QNd 6\CU]Q O»; 4TOd; 70% Wd $\F4 Xe| (t[G-@d>[ Wd E;Á SNR %"4td QeK @d>[ 4� 
%"4tD 4� W[D $Ï:] COX Wd ĈQG[ÙM4 X¾, .GdGh W»WO 4� \QNd .W.G%O M[G M» \L>C[, 9N\GC .4WM[G ÈdT M» 
(IQáF EhV 4� 4[OB Xe| WL] '2 W»WOD 4� \Q., :\T 4�>Ä[í> $G^I[C I_BÁ 6\CU]Q O»; Wd #[o 4ü 6' Xe| tëN 
Od@]N»W CD[ :\T 4�>Ä[í> $G^I[C $Id\ÈC \T\GE¼UD 4h I_O[ 4OCd �. #[o �.| å4W] L] '2 W»WO M» 4h' L] GN[ 
K̂O[/M̀C \IÊWdQ GXù I[N[ 6N[| 

4[NÁ 4ü %6[M] W"L[TG[N» .T" 4[NÁ 4ü %6[M] W"L[TG[N» .T" 4[NÁ 4ü %6[M] W"L[TG[N» .T" 4[NÁ 4ü %6[M] W"L[TG[N» .T" \TíC[OB\TíC[OB\TíC[OB\TíC[OB::::    
&G IåOB[MD 4� %F[O, KdXCO :\T 6̂BTÇ[ #[o 4OGd 4� \Q., &G W»WhOD 4ü $6Q] (t[G 4� \QNd (IQáF Q[L CD[ 
.ÊíIhWO Wdå>"ÌW 4h W"Uh\FC å4N[ ;[ W4C[ Xe| 6\CU]Q O»; 4TOd; 3O SNR ;eWd K̂\GN[E] :\T W^F[O 4[O4 4[ 
(t[G 4� EiO[G $\L4QG 4O CD[ ÊN_.Q@] #EUÁG Wd, (IQáF Q[L CD[ .ÊíIhWO Wdå>"ÌW O[O[ $aCG 4O :\T 
6̂BTÇ[ 4h 3O W^FO[ ;[ W4C[ Xe| (t[G @d>[ Wd \G4[Qd 6Nd :\T %"4tD 4h $È["U-EdU["CO 3O CO"6 EeÜNÁ 4� W[D 
MeI 4O, &Md;dW 4ü T[íC\T4 í4�G íD[G \íD\C É[C 4O, TeÉ[\G4 %"4td #[o å4Nd ;[ W4Cd X¾| &G \T4\WC 
.ç6håOÚM M» $Id\ÈC W"UhFGD 4� W[D WM[G #4[O 4� &QdÊ>Äh 0\ß>4Q W»WO 4� \GìI[EG M_çN["4G 4� \Q. (INh6 
å4N[ ;[ W4C[ Xe| 
%L[O%L[O%L[O%L[O:::: 
XM Å] W;] . 4WåON[4hW, (I \GEdU4, Wd@[ 4� %L[O] X¾, \;G4ü \GO"CO #dOB[, M[6ÁEUÁG 3O #hÙW[XG XM4h WMN 
WMN IO åMQC[ OX[| &W4� $CåOF Å] @].%O. 6híT[M], ;]@] I]W]';], Å] ..K].åMÅ[, Xd@ I]W].WT]@], Å] \;CdÝ2 
UM[Á 3O IåONh;G[ >]M 4� WXNh\6ND Wd $M_çN ;[G4[O] .T" \GO"CO WXNh6 Gd &W Qd5 4h \Q5Gd M» $XM L_åM4[ 
\GL[N]| 

W"W"W"W"ELÁELÁELÁELÁ::::    
1. “'TdçN_UG %J &QdÊ>Äh-0\ß>4Q åOMh> W»\W"6 IdQh@ 2TO . �[>O W»G m9mN^O]” W;] . 4WåON[4hW, K].G UM[Á 

3O %G"E 4WM[O  
2. “4W&¦ 'TdçN_UG %J åOWhWÁWe>-2 4�MO[ IOJhM½W ufM &\G\UNQ 0\KÁ> @[>[” $åMC ETd, \;C»2 UM[Á,\;C»2 

4WM[O, $\GQ W^5d;[, %U]V åMÅ[, .9 4� ETd, @].%O. 6híT[M]  
3. “IOJhM½W .G[\Q\WW 0J .NO-KhGÁ ¥[&> @[>[ JfO .>].MW],.X[NW] ."@ .GdGh IdQh@” 

(Wd4/I]W].WT]@]/>]%O/.ãW/01/2014) 
4. “IOJhM½W .G[\Q\WW 0J .X[NW],.GdGh ."@ .ãW-2 W»WWÁ Kdí@ 0G J�K-2014 .åO$Q 4�M\I�” 

(Wd4/I]W].WT]@]/>]%O/.%'W/03/2014) 
5. å@;[&G @h4MdÝÔW 0J .X[NW],.GdGh ."@ .>].MW] 

***



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6     
íD[\G4íD[\G4íD[\G4íD[\G4 @d>[@d>[@d>[@d>[ 4�4�4�4� %F[O%F[O%F[O%F[O IO IO IO IO %IE[%IE[%IE[%IE[    4�4�4�4� EiO[GEiO[GEiO[GEiO[G    WÔÈ[ 4[NÁWÔÈ[ 4[NÁWÔÈ[ 4[NÁWÔÈ[ 4[NÁ XQXQXQXQ 4OGd4OGd4OGd4OGd 4�4�4�4� \Q.\Q.\Q.\Q. 

íD[\G4íD[\G4íD[\G4íD[\G4 \GBÁN\GBÁN\GBÁN\GBÁN WMDÁGWMDÁGWMDÁGWMDÁG #B[Q]#B[Q]#B[Q]#B[Q] 4[4[4[4[ (INh6(INh6(INh6(INh6 

O[;»2O[;»2O[;»2O[;»2 \G\G\G\G. 6[N4T[@6[N4T[@6[N4T[@6[N4T[@, $"CåOÈ$"CåOÈ$"CåOÈ$"CåOÈ ((((INh6INh6INh6INh6 412412412412 

 

(ªdëN(ªdëN(ªdëN(ªdëN 

%IE[%IE[%IE[%IE[ 4�4�4�4� 4[OB4[OB4[OB4[OB K9[TK9[TK9[TK9[T $\LN[G$\LN[G$\LN[G$\LN[G 4�4�4�4� WMNWMNWMNWMN IåOWOIåOWOIåOWOIåOWO 4�4�4�4� 9NG9NG9NG9NG 4�4�4�4� 4[M4[M4[M4[M M»M»M»M» íD[\G4íD[\G4íD[\G4íD[\G4 \GBÁN\GBÁN\GBÁN\GBÁN WMDÁGWMDÁGWMDÁGWMDÁG #B[Q]#B[Q]#B[Q]#B[Q] 4[4[4[4[ (INh6(INh6(INh6(INh6|  

M[åXC]M[åXC]M[åXC]M[åXC] – 

UXO] WM[; 4� W[MGd  %IE[ 4� EiO[G p[Jü 4å?G[&N[" 5t] XhC] X¾, 9̂Gi\CN[! å4 4h' W]M[ X] GX] XhC] Xe| K[u, 

L_4�I ;eW] %åE 9̂Gi\CN[! Ch %M CiO IO XO W[Q W[MGd % OX] Xe| &G \íD\CND M» s[G-M[Q 4[ G^4W[G XM» 4OG[ 
I@C[ Xe| \TÉ[G 4� %F[O IO XM 4' XE C4 (IN^F C4G]4ü W[M'] Wd &G IåO\íD\CND 4[ W[MG[ 4OCd Xe| IO"Ĉ 
ÑN[E[CO G^4W[G XM» XhC[ % OX[ Xe| &W4� W[D-W[D ÑN[E[CO ŴOÈ[ 4� (I[N L] WJQ GX] XhCd Xe| UXO 4ü W^OÈ[ 
4� \Q. íIdW C4G]4ü 4[ (INh6 4O XM» L̂åM ÈdT IO (IQáF OíCd, &M[OC .T" $ÝN TíĈ1 4[ %4QG XhC[ Xe| 

&W IåOIT M» %IE[ 4� EiO[G ;eWd K[u 4ü \íD\C, N[ L_4�I Ië9[C 4ü \íD\C M» \GM[ÁB #B[Q] 4� %F[O IO å4W 
COX UXO] s[GM[Q 4[ G^4W[G 4M 4OGd 4[ #N[W Xh W4�, &W W"ELÁ M» (I[N A_uGd 4[ #N[W å4N[ Xe|     

#[4_\C4 K9[T EiO[G $\LN[G 4� \Q. (ÙI> IåOtëN %IE[ (;eWd, K[u, L_4�I %åE) N[ $W[M[ÝN 4[OB Wd UXO 

IåOWO M» &M[OC 4[ 9NG 4OG[ 4?]B 4[NÁ XhC[ Xe| &W] 4[OB WÈM \GBÁN #B[Q] å4 $\F4 %TëN4C[ Xe| &W 

4[NÁ 4� EiO[G WOQ 4WQNh6  4� L[O 4[ (INh6 4O  3O %EUÁ WM[F[G 4� \Q. %EdU TO]NC[ C4G]4 CO]4D O[O[,  
%IE[ \íD\C M» íD[\G4 @d>[ 4� %F[O IO IåOWO 4[ 9NG å4N[|  

(I'X :\T Wd &M[OC IeO 4� \GU[G \G4[W] %W[G] Wd Qd W4Cd Xe| \T\L> :\T #W"í4OB t\`4hB 4[ (INh6 W"LT Xe| 

&W $ÜNNG M» #[DåM4 íCO IO %W[G] Wd (IQáF .Q .W .M (Ktd IeM[Gd Me\I"6 IåONh;G[) $"C6ÁC (IQáF TVÁ 2009 
íD[\G4 @d>[, L[OC 4� K»6Q^e UXO ÈdT 4� \Q. íD[\G4 @d>[ IO]ÈB å4N[ 6N[| 

\GBÁN \GM[ÁC[2" 4� \Q. \íD\C KG[Gd 4� (ªdU Wd \Q. 6Nd \T\L> 4[çI\G4 6̂B/ÈdTD 4h ;ht[ ;[ W4C[ Xe, \;WWd 
%IE[ \íD\C M» \T\TF \T4çI 4� %F[O IO \GBÁN #B[Q] WÈM Xh W4C] Xe| 

6BG[6BG[6BG[6BG[ 4ü4ü4ü4ü \T\F\T\F\T\F\T\F 

$Gd4 (\T\TF) \T4çI 4� %F[O IO \GBÁN #B[Q] 4ü M̂ËN L_åM4[ Xe å4, M[GT \GBÁN \GM[ÁC[2" IåOWO 4� Ktd >̂4td M» 
W[MG[ 4OCd TF 4å?G[&ND Wd \GI>Gd 4� \Q. .4 W^W"6C CO]4� M» ;[G4[O] EdG[ Xe|  

(IQáF \T4çI 4[ M_çN["4G 4ü 6BG[ WOQ 4WQNh6 4� L[O 3O %EdU TO]NC[ O[O[ %EUÁ WM[F[G C4G]4 CO]4D 
4� $G^W[O 4ü ;[ OX] Xe| $Gd4 (\T\TF) \T4çI 4� %F[O IO \GBÁN #B[Q] M» " TO]NC[ \GBÁN “(;eWd M_çN["4G, 

#[DåM4C[ 3O 9NG 4� eI M») U[åMQ Xe| %MCiO IO IOíIO \TOhF] \T4çI ;]%'.W T[C[TOB M» XhCd Xe "(
["6 .>. 

$Q.)| 

\TUdVC[.! (N[ \T4çID) WKWd MXÙTI_BÁ XhG] 9[åX. ;h $"\CM \GBÁN 4� \Q. #[W"\64 Xe, IOíIO $GÝN XhG] 9[åX.: 6̂B, 

íTC"T W"íD[2" 4� eI M» Ed5[ ;[G[ 9[åX., ;h K[E M» (\9C å4N[ ;[ W4C[ Xe| #ÙNd4 #íC[\TC \T4çI 4� \Q. WKWd 
MXÙTI_BÁ K[C Xe å4, 9̂Gd �. \TUdVC[2" 4� \Q., .4 W[DÁ4 3O êN[TX[åO4 CO]4� Wd 3WC E;¼ 4[ XhG[ 9[åX.| #EUÁG 

Meå>ÄÊW K� M[IE"@ \TëQdVB 4ü W^\TF[ 4� \Q. .4 M[G4 Xe, N[ IåOB[M Xe, \;WM» #ÙNd4 I"\F .4 \T4çI 4[ TBÁG 

4OC[ Xe 3O #ÙNd4 íC"L #ÙNd4 4Wi>] 4� W"K\FC \T4çID 4[ #EUÁG 4[ TBÁG 4OC[ Xe| 
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$Gd4 (\T\TF) \T4çI 4� %F[O IO, \GBÁN C4G]4 W"ËN[ÙM4 \TëQdVB TíC^2" IO %MCiO M» #EUÁG Meå>ÄÊW 4� \Q. 

Eh 9OBD M» XhCd Xe: í4håO"6 3O L[O  

í4håO"6í4håO"6í4håO"6í4håO"6: #ÙNd4 4Wi>] 4� #ÙNd4 \T4çI 4� \Q., TO]NC[ IeM[Gd 4� C[4C IO .4 W"ËN[ÙM4 í4hO, #ÙNd4 (ãM]E 

\T4çI 4� IåOB[MD 4h %T"å>C å4N[ ;[C[ Xe| $\F4 IW"E]E[ \T4çI IeM[Gd IO (g í4hO, 3O 4M IW"E]E[ \T4çI 

4M í4hO $Id\ÈC Xe| 

T[íCT M», 0 Wd 1, $"4h 4[ IeM[Gd 4� \Q. $ÊWO &íCdM[Q å4N[ ;[C[ Xe|  

L[OL[OL[OL[O: W"ËN[ÙM4 L[O, #ÙNd4 4Wi>] 4� \Q. %T"å>C, W"K\FC M_çN["4G M» .4 )IO 3O G]9d 4� K]9 KEQ[T 4h 9̂Gd �. 

IeM[Gd M» IåOL[\VC 4OGd 4� \Q. X¾| 

$ÜNNG M» GM_G[ LTG 4[ &íCdM[Q å4N[ 3O \GBÁN \GM[ÁC[2" 4� \Q. \íD\C KG[Gd 4� \Q. \T\L> 4[çI\G4 6̂B / 

ÈdTD 4h ;ht[ 6N[| 

å4W] L] #[4_\C4 K9[T EiO[G $\LN[G 4� \Q. (ÙI> IåOtëN %IE[ (;eWd, K[u, L_4�I %åE) N[ $W[M[ÝN 4[OB, 4[ 
9NG 4OGd 4� \Q. #\C ÈdT 4� eI M» 4M Wd 4M ;h\5M Xe, ;h &M[OCD 4� eI M» \9"C[ 4[ \TVN Xe, $\F4 Wd $\F4 

;h\5M &M[OC 4ü )"9[' M[G[ ;[C[ Xe 3O ;GW"ËN[ 4� eI M» $\F4 Wd $\F4 ;h\5M (êN\FND Xe) &M[OC M» OXGdT[Qd 
E;Á 4ü 6' Xe| 

 

K»6QêK»6QêK»6QêK»6Qê, L[OCL[OCL[OCL[OC ÈdTÈdTÈdTÈdT 4�4�4�4� \Q.\Q.\Q.\Q. $ÜNNG$ÜNNG$ÜNNG$ÜNNG 

$ÜNNG ÈdT K»6Q^e L[OC 4[ UXO Xe, 3O &M[OCD 4ü W"ËN[ 48779 (.Q .W .M @d>[) 4ü Xe| AQ[G (íQhI) @[>[Wd> TVÁ 
2005 4[ .G %O %& .W IåONh;G[ Wd &íCdM[Q å4N[ 6N[| NX @[>[Wd> .G %O %& .W IåONh;G[ 4� CXC 

%'%O.W (I'X Wd (ÙI> å4N[ Xe 3O GÊUd (INh64C[Á2" 4� \Q. .G.G%O.M.W W[&> IO (IQáF Xe| &"Ý>OWdÊUG 

%IOdUG 4[ (INh6 4O, %TëN4 AQ[G (íQhI) K�L̂; \GBÁN 4� \Q. .4 4Wi>] 4� eI M» ;ht[ Xe| 

.Q.Q.Q.Q .W.W.W.W .M.M.M.M 4ü4ü4ü4ü IOCIOCIOCIOC (Qd$OQd$OQd$OQd$O) - \T\T\T\TTOBTOBTOBTOB 

&M[OC», I[4·, \íTåM"6 I_Q, í>då@NM, %T[6MG O]ID, 5dC] L_åM, T̀È[OhIB, ;Q WM̂X: (<]Q, C[Q[KD, GåEND %åE), 

GXOD, G[Q], 5GG / 5E[G W[&>D, EQEQ] L_åM, íCK %åE. Qd$O .G.G%O.M.W We4Gd> W"í4OB W[&> IO (IQáF 

Xe, 3O K�C ;çE X] .G.G%O.M.W &">OGd> W"í4OB W[&> IO (IQáF Xh6[| &M[OC 4ü )!9[' íC"L, 4[çI\G4 M_çN 

%K[E] íC"L #ÙNd4 &M[OC K�L̂; (N[t\Ï:4 M_çN) 4� \5Q[J ;ht[ 6N[ Xe| 

&WOh 4� .Q .W .M IåONh;G[, \;WM» Ktd 
IeM[Gd IO íD[\G4 @[>[ Me\I"6 10000 IeM[Gd IO 

(IQáF X¾| K»6Q^e UXO 4� @d>[ 4� \Q. &W 

C4G]4 N[ \T\F 4[ &íCdM[Q å4N[ 6N[ Xe| 

Mi;_E[ C[\Q4[ M» 175 åO4f@Á WKWd $Ï:[ 
\T4çI 4� eI M» 9̂Gd Xe| ;X[" K�L̂; WKWd $Ï:[ 
\T4çI Xe XOd O"6 M» åE5[N[ Xe, 3O WKWd 5O[K 

\T4çI Q[Q O"6 M» åE5[N[| &M[OC 9NG 4� 
\GBÁN/4[OÁT[' 4� \Q. (g #[DåM4C[ åE. 

;[Gd 4ü ;eOC M» #4[U @[Q[ Xe| 

@[>[Wd> 4ü 4WQ åO4f@Á 48779 X¾, &ÝXd Eh L[6D, 
I_TÁ 3O I\ë9M M» 4ãßN_>dUGQ %IOdUG (ªdëN 

4� \Q. \TL[\;C 4O åEN[ 6N[ Xe, 3O åJO 

\TQN 4O åEN[ Xe| 
 

\9T\9T\9T\9T -1 K»6QêK»6QêK»6QêK»6Qê UXOUXOUXOUXO 4[4[4[4[ &M[OC&M[OC&M[OC&M[OC Qd$OQd$OQd$OQd$O 
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&W t\`4hB 4� eI M» IXQd 4ãßN_>dUGQ 6BG[, 3O M_çN["4G í4hO 4[ TBÁG å4N[ Xe| Eh 4fQM SAW 3O TOPSIS 

$TOhX] CM M» 3O (IN^F W]M[ M_çN êNTíD[ O[O[ 175 $\LQd5D 4[ 9NG å4N[ Xe| NX &M[OC» ;eOC M[IE"@ $G^W[O, 

\GBÁN \GM[ÁC[2" O[O[ åE. (g #[DåM4C[ 3O Q[6_ T;G 4� %F[O IO Xe| 

AQ[G (slope) = 0.1, %4_\C ÈdT (Shape area) = 0.2 )"9[' (height) = 0.3 3O ;GW"ËN[ (population) = 0.4 

 

 \9T\9T\9T\9T -2: 175 $\LQd5D$\LQd5D$\LQd5D$\LQd5D 4[4[4[4[ 9NG9NG9NG9NG .T".T".T".T" AQ[GAQ[GAQ[GAQ[G, %4_\C%4_\C%4_\C%4_\C ÈdTÈdTÈdTÈdT,)"9[')"9[')"9[')"9[' 3O3O3O3O ;GW"ËN[;GW"ËN[;GW"ËN[;GW"ËN[ åE5[N[åE5[N[åE5[N[åE5[N[  

)IO å4Nd EDGh 4[Nµ M» &M[OC 4[ 9NG KC[Nd 6Nd \T4çI 4� $G^W[O 6BG[ 4O[Cd, ĈO"C å4N[ Xe| 

WOQWOQWOQWOQ 4WQNh4WQNh4WQNh4WQNh6666 4�4�4�4� L[OL[OL[OL[O 4ü4ü4ü4ü \T\F\T\F\T\F\T\F 

 

\9T\9T\9T\9T -3 EU[ÁEU[ÁEU[ÁEU[ÁN] N] N] N] 6666'''' &M[OC»&M[OC»&M[OC»&M[OC» (\K\ç@"\K\ç@"\K\ç@"\K\ç@"6666) 
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WKWd KdXCO \T4çI 4[ M[GE"@ WOQ 4WQNh6 L[O 4ü \T\F 4� $G^W[O 6BG[ 4O[Cd Xe| NX \T\F (MacCrimmon, 1968; 

Churchan, Ackoff, 1954; }ü, 1971) WKWd $Ï:[ ;[G[ ;[C[ Xe 3O WOQCM M» Wd .4 Xe 3O êN[I4 eI Wd &íCdM[Q 4ü 
;[C] Xe| WM[F[G Meå>ÄÊW- 6eO W"ËN[ÙM4 M_çN GXù Xh W4C[| &W4� $Q[T[, TX[! IåOL[\VC M[IE"@ MXÙT 4� M_çND 4[ 
XhG[ 9[åX. (4M Wd 4M KO[KO %4[O 4� eI M» IåOL[\VC) 

&W COX Wd WM[F[G \GãG[G^W[O 4O[Cd Xe: 

;K 4Wi>] $\F4CM Xh ;[C] Xe: 

Xi,j = X i l / Xi 
min

 

4Wi>] 4M Wd 4M Xh ;[C] Xe: 

Xi,j = Xi 
min

 / X i l 

Meå>ÄÊW W[M[ÝN]4_C XhC[ Xe, ;K .4 X] \T4çI 4� XO WEíN 4� W[D MXÙT 6̂B[ å4N[ ;[C[ Xe; 3O $ÝN Te4\çI4 

(I"\F) 4� WEíND 4� W[D ;ht 4O .4 X] COX Wd #[o å4N[ ;[C[ Xe| #[o Nh6 O[\U 4� L[O (MXÙT) Wd \TL[\;C 4OCd Xe| 

WM<E[O] \T4çI 4ü #[o I"\F 4h $\F4CM M_çN Wd TBÁG å4N[ 6N[ Xe| &W \T4çI 4[ (INh6 4O, WL] MXÙT 4[ 
Nh6 1 4� KO[KO XhG[ 9[åX.| 

W – Importance, W = (W1, ….Wn); 

n 

∑    W i = 1 Mandatory condition; 

i=1,n 

             n                        n 

A* = { Ai / max  ∑    Wi Xi,j   /  ∑    Wj } 

  i          j = 1                      j = 1,n 

\T4çI 4h A* 4� $G^W[O (COCd %EdU CMK; å4N[ ;[ W4C[ Xe| 

%EdU%EdU%EdU%EdU TO]NC[TO]NC[TO]NC[TO]NC[ O[O[O[O[O[O[O[O[ %EUÁ%EUÁ%EUÁ%EUÁ WM[F[GWM[F[GWM[F[GWM[F[G 4�4�4�4� \Q.\Q.\Q.\Q. C4G]4C4G]4C4G]4C4G]4 

%EdU TO]NC[ O[O[ %EUÁ WM[F[G 4� \Q. C4G]4 (N_G, 
["6, 1981a; Arditi, Gunaydin, 1998) .4 "WM[GC[ W_94["4" 

(W[IdÈ \G4>C[) \G4>C[ 4� W"Nh;G 4� O[O[ W4[O[ÙM4 %EUÁ WM[F[G 3O G4[O[ÙM4 %EUÁ 4� W^E_OC[ WM[F[G Wd 
IåOL[\VC 4OC[ Xe| &W M[MQd M» "WM[GC[ W_94["4" KBIT Xh6[| 9̂Gd �. \T4çI W4[O[ÙM4 %EUÁ WM[F[G Wd 4M Wd 
4M E_O] M» XhGd 9[åX. 3O G4[O[ÙM4 %EUÁ WM[F[G Wd WKWd ÑN[E[ Wd ÑN[E[ C4 E_O] XhG] 9[åX. (
["6 3O N_G), 

4Wi>] CMT[94 N[ 4[å@ÁGQ Xh W4C] Xe| $6O 4Wi>] CMW_94 (êN\FIO4) X¾, (W4ü M[T[ 4h \GF[ÁåOC å4N[ ;[G[ 
9[åX. (I_B[Â4 M[G 4� KO[KO)| &W4� $Q[T[, KO[KO %4[O 4� eI M» IåOL[\VC (4M Wd 4M M[IE"@ MXÙT M[G 

IåOL[\VC) å4N[ ;[G[ 9[åX.| "%EdU TO]NC[ O[O[ %EUÁ WM[F[G 4� \Q. C4G]4" 4ü W[M[ÝN 4[NÁ#T[X Nh;G[ 4� 
\Q. G]9d åE5[N[ 6N[ Xe| 

&W COX Wd WM[F[G \GãG[G^W[O å4N[: 

Meå>ÄÊW W[M[ÝN]4_C $G^W[O 4OG[ Xe: 

L[åOCL[åOCL[åOCL[åOC W[M[ÝN]4_CW[M[ÝN]4_CW[M[ÝN]4_CW[M[ÝN]4_C Odå>"ÌWOdå>"ÌWOdå>"ÌWOdå>"ÌW 4ü4ü4ü4ü 6BG[6BG[6BG[6BG[: 

P
* 

= P ij * q, ;X[" q - M[GE"@D 4� MXÙT Xe; 

W4[O[ÙM4W4[O[ÙM4W4[O[ÙM4W4[O[ÙM4 %EUÁ%EUÁ%EUÁ%EUÁ WM[F[GWM[F[GWM[F[GWM[F[G W_TW_TW_TW_T 4�4�4�4� %F[O%F[O%F[O%F[O IOIOIOIO 6BG[6BG[6BG[6BG[ 4ü4ü4ü4ü XeXeXeXe: 

E_åONDE_åONDE_åONDE_åOND 4h4h4h4h \G4[Qd\G4[Qd\G4[Qd\G4[Qd ;[Cd;[Cd;[Cd;[Cd X¾X¾X¾X¾: 

T[íC\T4 Wd W4[O[ÙM4 %EUÁ WM[F[G 4� \Q. E_O]: 
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L
+

j = (f ij - f j
+
) 2; ij = 1, m

-
; 

T[íC\T4 Wd G4[O[ÙM4 %EUÁ WM[F[G 4� \Q. E_O]: 

L
-
j = (f ij - f j

-
) 2; ij = 1, m

-
; 

W4[O[ÙM4 %EUÁ \K"Ê 4� W[IdÈ E_O] 4[ \GF[ÁOB K BIT: 

 KBIT = L
-
j / (L

+
j + L

-
j);  ij = 1, m -; 

%EUÁ WM[F[G, WL] 6̂B M» %EUÁ í4hO (N[ Odå>"ÌW) 4[ W"'X M[G[ ;[C[ Xe| KBIT - KîC  KdXCO (1 4� 4O]K, KdXCO Xe), KBIT 

4� (gCM M_çN 4� W[D XhG[ WKWd $Ï:[ \T4çI Xe, Ch \T4çI 4h $TOhX] CM M» KBIT 4� $G^W[O CMK; å4N[ ;[ 
W4C[ Xe| 

\Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ - 

)IO å4N[ 4[NÁ \GBÁN #B[Q] #\CN[ 4h M;K_C KG[Gd 3O %IE[ 4� WMN M» K�C ÑN[E[ (INh6] Xe| 4ãßN^>dUGQ 

íD[\G4 @d>[ 4[NÁ 4[ (INh6 4OG[, \T\F \GBÁN \TUdVÉ 4� \Q. 4[M 4� #T[X 4h WOQ, 3O KdXCO IåOB[M #E[G 

4OG[ W"LT Xe| NX L] $ÜNNG å4N[ Xe, 4ü, XM (g åOsfçN_UG @d>[ 4h, 4' eI M» (IQáF W"W[FGD 4� W[D ;ht W4Cd 
X¾| &W \T4çI 4h Q[6_ 4OGd Wd K� M[IE"@ 4� \W;["C #\CN[ M» 3O W^F[O Xh6[| &W $ÜNNG M», 4ü 6' #\CN[ 4h 
9N\GC IåOB[M IO %6d EhXO[Gd 4ü WQ[X E] 6' Xe, \;WWd \GBÁN 4ü 4[OT[' 4� \Q. KdXCO \T4çI åMQ W4C[ Xe| 

;G6BG[ 4� %"4tD 3O íD[G]N 6eO-íD[\G4 @d>[ .4ü4_C 4OGd 4ü ;eOC Xe, \;W4� \Q. 4ãßN_>dUGQ 4[NÁ M» 9̂GiC] 
3O /Wd IåOtëN M» 4QG \T\F \T4\WC 4OGd XdĈ ;eOC Xe| 

%L[O%L[O%L[O%L[O -  

Qd54, #hÙW[XG, M[6ÁEUÁG 3O WMDÁG 4� \Q. @f. $";\Q È]OW[6O, #hJ�WO, Li\C4ü \TL[6 .T" \GEdU4, Mf@\Q"6 3O 

\WM̂QdUG 4�Ý2, 3O \GE¼U4, TeÉ[\G4 4�ßN_å>"6 4� $"C#\TVN í4�Q, W[\TT]K[' JWQd ÎBd \TëT\Ta[QN 4� %L[O] Xe| 

&W4� $Q[T[, .4 &W 4[M 4� \Q. W^\TF[ Q[Gd 3O WMN IO WX[NC[ #E[G 4OGd 4� \Q., \GEdU4 We4 3O (I-

\GEdU4, &IW[ 3O WM̂X-\GEdU4, .>]@];] 3O #F[G, 8] @áçN ̂8] 4[ FÝNT[E| 

W[åXÙNW[åXÙNW[åXÙNW[åXÙN: 

• '.4�. ;T[jÊW4[W, .Q Gií4[W, . 4[Q[4ií4[W "Sprendimų paramos sistemos   statyboje", \T\GNW," 

Technika "1998. 

• .W åMÔ4W, >]. Dėjus "Kokybiniai tyrimų metodai", mokomoji medžiaga, VGTU, Statybos technologijos 

%'%O vadybos katedra 1999. 

• \9"6-Q[& 
["6, �["6-WG N_G "4' 6̂B \GBÁN KG[Gd CO]4� 3O %TdEG "\í#"6O-TdQÁ6, K\QÁG, X]@QK6Á, 
ÝN_Nf4·, 1981, Ì. 260 

• \;Nh-&GJfOMdUG #B[Q] '^I, \TQ\GNW O[O[ ;[O] åOIh>Á 
• .G%O@]K]/.G.G%O.M.W IåONh;G[. 
• C4G]4 åOIh>Á UPDG/EPSA/SAC/ISRO/NRDB-02/TN/2011”Hindi Application tool for web page creation” 

*** 
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W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6W^OÈ[ WåXC W"L[\TC $\LGT $G#̂Nh6     
.ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    W[O (INh6]W[O (INh6]W[O (INh6]W[O (INh6],,,,    $"4üN$"4üN$"4üN$"4üN    C"TD 4[ GT]G]4OBC"TD 4[ GT]G]4OBC"TD 4[ GT]G]4OBC"TD 4[ GT]G]4OB 

åO"4W $'T[QåO"4W $'T[QåO"4W $'T[QåO"4W $'T[Q , , , ,\TGN4WM[O\TGN4WM[O\TGN4WM[O\TGN4WM[O , , , ,OMdU 6[MdC]OMdU 6[MdC]OMdU 6[MdC]OMdU 6[MdC], , , , O[�Q \F"6[G]O[�Q \F"6[G]O[�Q \F"6[G]O[�Q \F"6[G], , , , %O%O%O%O.... W»\DQ 4WM[OW»\DQ 4WM[OW»\DQ 4WM[OW»\DQ 4WM[O,,,,    ;NåMG C>[;NåMG C>[;NåMG C>[;NåMG C>[,,,, 
 .W.W.W.W. . . . .M.M.M.M. . . . \TTdE]\TTdE]\TTdE]\TTdE], , , , K]K]K]K]. . . . .W.W.W.W. . . . O[MG .T" \GQdU .MO[MG .T" \GQdU .MO[MG .T" \GQdU .MO[MG .T" \GQdU .M.... EdW['EdW['EdW['EdW[' 

.M.M.M.M.....W.W.W.W....@]@]@]@]....;] ;] ;] ;] / / / / .M.M.M.M....%O%O%O%O.....W.W.W.W........, $"CåOÈ (INh6 412 $"CåOÈ (INh6 412 $"CåOÈ (INh6 412 $"CåOÈ (INh6 412  
'''' ----MdQMdQMdQMdQ    :    rinku@sac.isro.gov.in, vinay@sac.isro.gov.in 

 
 

#íC[TG[#íC[TG[#íC[TG[#íC[TG[:::: 
.ÊW K¾@ W"ëQdV] O[O4 Od@[O(Synthetic Aperture Radar) (g \TLdEG ÈMC[ 4� #\C\KãK 4� (ÙI[EG M» WÈM XhC[ Xe, 
\;G4[ (INh6 \T\L> $G^#Nh6D ;eWd å4 L_\TÉ[G M¾\I"6, T[\G4ü T6ú4OB, ;X[s W"W_9G, CdQ åOW[T W"W_9G .T" 
OÈ[ \TL[6 4� \T\L> %C"åO4 4[NÁCMD M» å4N[ ;[C[ Xe| &W4� $Q[T[ T[N^TCú (Airborne) .ÊW - K¾@ %IE[ #K"FG 
W"ëQdV] O[O4 Od@[O (Disastar Management synthetic Apertur Radar DMSAR) 4[ (INh6 %IE[ #K"FG 4[NÁCM ;eWd 
4ü UXO] .T" '[M]B &Q[4D M» K[u .T" 9CT[C Wd #L[\TC &Q[4D 4[ WT¼ÈB 4OGd M» XhC[ Xe| K[u .T" 9CT[C ;eW] 
#[4_\C4 %IE[2" 4[ \TíC[O 4[Jü Kt[ XhC[ Xe, &W] 4[OB .4 COJ #L[\TC &Q[4D 4� \GF[ÁOB XdĈ íD_Q \TLdEG 
ÈMC[ 4� #\C\KãK 4ü %TëN4C[ XhC] Xe, TXù E_WO] COJ #L[\TC &Q[4D M» K9[T $\LN[GD 4� \Q. (g \TLdEG 
ÈMC[ 4� #\C\KãK 4ü %TëN4C[ XhC] Xe| &WOh C - K¾@ DMSAR #B[Q] 4[ WJQ \T4[W .T" IåO9[QG IXQd X] 4O 
9̂4[ Xe, 3O &W Od@[O Wd #[o %"4th 4� (INh6 \KX[O, %W[M, (@]W[ &ÙN[åE O[ÑND M» #[4_\C4 %IE[2" ;eWd å4 
K[u M» K5_K] å4N[ 6N[ Xe| IOÝĈ, &W4� W[D X] (g \TLdEG ÈMC[ 4� Od@[O 4ü L] M["6 Ku] Xe| 

We4/&WOh Gd C- K¾@ DMSAR 4h $G^4�QCM KG[Gd 4ü åEU[ M» 4[NÁ 4OG[ U^e 4O åEN[ Xe|.4 2O ;X[!,  T[N^TCú 
$\LN[GD 4ü  \TLdEG ÈMC[ 4h Ku[Gd 4[ 4[NÁ $'WO Xe,TXù E_WO] COJ &W4� WM' T;G 4h 4M 4OGd 4ü 4h\UU 
;[O] Xe| &W4� $Q[T[, X- K¾@ $"CåOÈ-T[åXC W"ëQdV] O[O4 Od@[O 4� $\L4çI .T" \T4[W 4[  4[NÁ 9[Q_ Xh 6N[ Xe, 
\;WWd XM» (g \TLdEG ÈMC[ 4� W[D ÑN[E[ #M[sÁ(swath) L] #[o XD6d| 

1 .ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    W[OW[OW[OW[O  C"TDC"TDC"TDC"TD        4[ \TÝN[W4[ \TÝN[W4[ \TÝN[W4[ \TÝN[W : 

WG 2011 M»  Wd4  O[O[ .ÊW Kdá@ @].MW[O .ÊW Kdá@ @].MW[O C"T 4� $\L4çI 4ü U^�%C W] K¾@ @].MW[O 4� 
$\L4çID 4h ;[O] O5Gd 4� XdĈ .T" .ÊW Kdá@ @].MW[O M» KXdCO \TLdEG .T" &`CM]4_C C"T 4h KG[Gd 4� \QNd å4N[ 
6N[ D[|  

C"T 4� MË̂N C"T 4� MË̂N C"T 4� MË̂N C"T 4� MË̂N     #[9Q#[9Q#[9Q#[9Q .ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    @].MW[O@].MW[O@].MW[O@].MW[O .ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    åMG]W[OåMG]W[OåMG]W[OåMG]W[O .ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    $"CåOÈ $"CåOÈ $"CåOÈ $"CåOÈ     T[åXCT[åXCT[åXCT[åXC  W[OW[OW[OW[O 
%T\̀Ç%T\̀Ç%T\̀Ç%T\̀Ç 9.65GHz 9.6GHz 9.65GHz 

¤d>JhMÁ¤d>JhMÁ¤d>JhMÁ¤d>JhMÁ K]9C[J> K]9C[J> K]9C[J> K]9C[J> ((((XT[' N[GXT[' N[GXT[' N[GXT[' N[G)))) K]9C[J>K]9C[J>K]9C[J>K]9C[J>    / / / / UAV $"CO]È N[G$"CO]È N[G$"CO]È N[G$"CO]È N[G 

\TLdEG\TLdEG\TLdEG\TLdEG 0.5mt (Gr. Range) 
0.25m (Az) x 0.24m (Gr. Range)    
////0.25m (Az) x 0.31m (Gr. Range) 

0.36m (Az) x 0.25m (Slant 

Range)   

C^"6C[C^"6C[C^"6C[C^"6C[ 8Km 3Km/10Km 500Kms 

�T̂B�T̂B�T̂B�T̂B Single HH Single / Dual/ Circular 337.5 MHz 

I] %O .JI] %O .JI] %O .JI] %O .J 360Hz 1500/1600HZ  

3WCj \G6ÁM U\F3WCj \G6ÁM U\F3WCj \G6ÁM U\F3WCj \G6ÁM U\F  43.2W 3.6/7.8W 720W 

/Ý>dG[/Ý>dG[/Ý>dG[/Ý>dG[ ¤[GGO¤[GGO¤[GGO¤[GGO    /Ý>dG[/Ý>dG[/Ý>dG[/Ý>dG[  ¤[GGO M\̂2C êN_X¤[GGO M\̂2C êN_X¤[GGO M\̂2C êN_X¤[GGO M\̂2C êN_X    /Ý>dG[/Ý>dG[/Ý>dG[/Ý>dG[ ¤[GGO¤[GGO¤[GGO¤[GGO    W\CN W\CN W\CN W\CN TR MhEç̂W 4� MhEç̂W 4� MhEç̂W 4� MhEç̂W 4� 
O[O[ O[O[ O[O[ O[O[  

 

 

 

W[OB] W[OB] W[OB] W[OB] 1: : : :   .ÊW.ÊW.ÊW.ÊW K¾@K¾@K¾@K¾@ W[O C"TW[O C"TW[O C"TW[O C"T,  CQ̂G[ÙM4 QÈBCQ̂G[ÙM4 QÈBCQ̂G[ÙM4 QÈBCQ̂G[ÙM4 QÈB 
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.ÊW Kdá@ @].MW[O C"T  4� $\L4çID 4h #[o 4OGd XdĈ W[Od Ie4�;dW 4h WM[4\QC 4O, IO]ÈB .T" WÙN[\IC W] K¾@ 
4� @[>[ O[O[ å4N[ 6N[ Xe|    %; .ÊW K¾@ (INh6 XdĈ $\L4çI 4[ \T4[W .4Q 9eGQ Wd \O 9eGQ �^TB C4 å4N[ 
;[ OX[ Xe, 3O XT[ T[åXC W[O Wd Qd4O $"CåOÈ T[åXC W[O C4 4[ $\L4çI 4[NXG \T4[W å4N[ ;[ OX[ Xe| &GM» 
&`CM]4_C &UCM U\F, L[O CD[ %NCG IO ÜN[G O5[ 6N[ Xe|\G9d åE5[Nd 6Nd W[OB] 1:  M» .ÊW Kdá@ %T̀\Ç IO 
C]G C"TD 4� \T\GE¼Uh 4[ ĈQG[ÙM4 \TTOB å4N[ 6N[ Xe| 

2. .ÊW Kdá@ W[O (INh6] $"4üN C"T.ÊW Kdá@ W[O (INh6] $"4üN C"T.ÊW Kdá@ W[O (INh6] $"4üN C"T.ÊW Kdá@ W[O (INh6] $"4üN C"T 

2.1 #íC[TG[#íC[TG[#íC[TG[#íC[TG[ : 
.ÊW K¾@  W[O IdQh@ 4� \GM[ÁB 4� \QNd (g 6\C M» @[>[ 4[ $\F'XB ;eO] Xe \;WWd (g \TLdEG 4ü %TëN4C[ 
4h I_O[ å4N[ ;[ W4�| @[>[ 4[ \TK�\TW"¦�CG \L> 9eGQD M» \TL[\;C .T" @[>[ 4[ W"I]@G 4OGd 4ü %TëN4C[ Xe 
\;WWd IåOB[M] @[>[ EO 4h ÎOd W[O @[>[ 4[  %NCG bdh N[ XT[ T[åXC $\LQd\5C 4ü ;[ W4�| \TU[Q K¾@ \TíC[O 
T[Qd \9IÁ ;GÁG 4OG[ L] ;�O] Xe \;WWd %6d FG M» 4M 6̂BG  å4N[ ;[ W4�| 

(IC"T 4� MË̂N (IC"T 4� MË̂N (IC"T 4� MË̂N (IC"T 4� MË̂N     
#[9Q#[9Q#[9Q#[9Q 

.ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    @].MW[O@].MW[O@].MW[O@].MW[O .ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    åMG]W[OåMG]W[OåMG]W[OåMG]W[O 
.ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    $"CåOÈ $"CåOÈ $"CåOÈ $"CåOÈ  

T[åXCT[åXCT[åXCT[åXC  W[OW[OW[OW[O 

ADC  .T"  DAC 4ü 
#\C9NG %T̀\Ç  

500MHz 750MHz 750MHz 

$\F4CM 
.G[Qh6  

K¾@ \TíC[O 

225MHz 300MHz 337.5MHz 

$\F4CM \9IÁ  
K¾@ \TíC[O (I & Q) 

225 MHz 300MHz 337.5 MHz 

@[>[ EO  148Mbps/Pol 1.2Gbps/Pol 1.9Gbps/Pol 

FPGA’s 4[ 9NG T>¼ÊW-4  %F[åOC T>¼ÊW-6  %F[åOC T>¼ÊW-5  %F[åOC 

I] .Q W] SI labs 8051 %F[åOC 

microcontroller .T" T>¼ÊW 

600 %F[åOC $Q6 Ie4�; 

PSOC-5 microcontroller & %F[åOC  

T>¼ÊW- 6  W"N^F W];].@].W].W .T" I] 
.Q W] .4Q $"4üN Kh@Á 

OBC ASIC & T>¼ÊW-5  %F[åOC 
.4QKh@Á .4Q Ie4�; IO 

�^TB .4Q �\̂TC \O �^\TC \O �^\TC 

U\F 26 Watts ( CGDACS+PLC) 28 Watts 35 Watts 

>Äd  L[O 2 Kg 1.0 Kg 2Kg 

I] W] K] 4[ eI 260mm x 220mmx 2.4mm 

(CGDACS & PLC) 
166mm x 106mm x.2.7mm 260mm x 220mmx 2.5mm 

(CGDACS & PLC) 

CGDACS (\9IÁ 
;\GT CD[ @[>[ 
$\F'XB CD[ 
W"I]@G C"T) 

 

\GCL[O \GN"T4 

( PLC)  
 

 

 

 

 

 

W[OB] W[OB] W[OB] W[OB] :2  .ÊW .ÊW .ÊW .ÊW K¾@K¾@K¾@K¾@    W[O $"4üN C"TD 4[ GT]G]4OBW[O $"4üN C"TD 4[ GT]G]4OBW[O $"4üN C"TD 4[ GT]G]4OBW[O $"4üN C"TD 4[ GT]G]4OB 
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2.2 W];]W];]W];]W];]....@].W].W (IC"T 4ü M^ËN \TUdVC[."@].W].W (IC"T 4ü M^ËN \TUdVC[."@].W].W (IC"T 4ü M^ËN \TUdVC[."@].W].W (IC"T 4ü M^ËN \TUdVC[.":::: 
• \O .T" (g 6\C IO (@ 500 MHz CD[ @750 MHz) 8-Bit Wd 12 bit  I/Q  9eGQD 4[ $"4ü4OB .4Q 4[@Á IO. 
• T[íC\T4 4[\QC Flexible Block Adaptive Quantiser (BAQ) 4h@4 IO %F[åOC W[O @[>[ 4[ W"I]@G. 
• 2G \Q&G IåOTCú @[>[ EO J[OM»>G \;WMd IåOTCú4 PRF, BAQ \TF[, W[O #9[QG \TF[ CD[ @[>[ W"'XB 

4[Q[T\F 

• Xilinx Virtex FPGA %F[åOC  BAQ  .T"  J[OM»>G  4[  4[N[ÁÝTNG  
• #M̂5 4[QG \GE¼U 7.8125MHz LVDS Wd 93.75MHz C4 4[ \G6ÁC }h¦  Wd $\LQd\5C  
• \9IÁ  K¾@ \TíC[O (I & Q)  37.5-337.5 MHz C4 4[ (ÛI[EG 

•  RS-422  %F[åOC \GN"TB, 4QG  .T"  WX[N4 \W�QD 4[ I].QW] Wd $"CO[Ì� 

•  LVDS @[>[ $"CO[Ì� BDH 4� W[D .44 9eGQ O[O[ (g6\C T[Qd >Ä["WåO\WTO 4� W[D  

• DDCS (,Direct Digital Chirp Synthesis) (I6MG Wd #h'[M\GN íI"E \9IÁ ;\GT 

• W];].@].W].W .T" I] .Q W] 4� W[D (G4[ & I] W] O[O[ .4Q Ie4�; M» 6å?C å4N[ ;[Nd6[| 

2.3 I]I]I]I].....Q.Q.Q.Q....W] (IC"T 4ü M^ËN \TUdVC[."W] (IC"T 4ü M^ËN \TUdVC[."W] (IC"T 4ü M^ËN \TUdVC[."W] (IC"T 4ü M^ËN \TUdVC[.":::: 
• KW #"KF &4[' (BMU) / #9[O4 4�WhQ Wd WeÝN M[IE"@- 1553 9]I  / %O..W. 232 O[O[ ;^@[T 

• #9[QG \TF[ 4� åXW[K Wd 
\GCLO (IC"T W"eIB 

• RS422, RS485, W].MhW. 
$G^4�Q \T\L> 4[QG 3O 
\GN"T4 \W�çW ;GG 

• T>¼ÊW 6~~, T>¼ÊW 5, 
T>¼ÊW 6 
.J.I].;]...(FPGA). 

• .W.%' QdK 8051, 
PSOC,8051,2.K].W].W_÷M 
\G"NT4 

• L_ Wd Ld;d 6. G]CL[O 
#[9Q T O@[O 4� \T\L> 
(IC"TD 4� \Q. $Q6 -
$Q6 W"9[QG #4[O4[ 
$\L'[X 

• #h'[MG]N4[QG 3O 
\GN"T4 \W�Q ;GG 

• \TLdE] 3O .4 LdE] 
4[QG 3O \GN"T4 
\W�Q;GG 

2.4 W];]W];]W];]W];]....@].W].W 4[ @].W].W 4[ @].W].W 4[ @].W].W 4[ 
X[@ÁTdNO \TÝN[WX[@ÁTdNO \TÝN[WX[@ÁTdNO \TÝN[WX[@ÁTdNO \TÝN[W     
\9T 1,2 3 M» åE5[Nd 6. \L> 
W];].@].W].W (IC"T 4� X[@ÁTdNO 
\TÝN[W 4h EU[ÁN[ 6N[ Xe| M̂ËN 
ChO IO ;].@].W].W M» }h¦ 4[ ĈçN4[QG ;h 4ü 500 MHz  Wd 750 MHz 4ü %T̀\Ç 

 

\9T\9T\9T\9T  ----2 : .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    åMG]W[OåMG]W[OåMG]W[OåMG]W[O    $"4üN $"4üN $"4üN $"4üN C"T 4� T[íC4̂Q[C"T 4� T[íC4̂Q[C"T 4� T[íC4̂Q[C"T 4� T[íC4̂Q[ 

 

\9T\9T\9T\9T  1: .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    @].MW[O@].MW[O@].MW[O@].MW[O    W];]W];]W];]W];]....@].W].W (IC"T 4�@].W].W (IC"T 4�@].W].W (IC"T 4�@].W].W (IC"T 4�    T[íC4̂Q[T[íC4̂Q[T[íC4̂Q[T[íC4̂Q[ 
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IO Xe| }h¦ 4[ WX] CO]4� Wd \TL[;G CD[ 
ĈçN4[QG 4OG[ K�C ;�O] Xe ;K 4[@Á 
&CG] (g %T̀\Ç IO 4[NÁ 4O OX Xe| (g 
%T̀\Ç T[Qd Êç4f4 4[ \TL[;G Xh 4O 
ADC, DAC  CD[    FPGA’s ;eWd N^\F IO I�!9 
C[ Xe| Eh 10 bit 4:1 MUXDAC  I & Q \9IÁ 
;\GC Xh OX Xe| Eh 8 \K> 4� ADC08D1520/ 
TS8388B  N[ 12 \K> 4� A-to-D converter 

ADC12D1600 \;WM» \O 9eGQ ADC CD[ 
1:2 K�\TW"4�C4 Xe TeWd T[Qd N^\FND 4[ 
#Nh6 å4N[ 6N[ Xe| NX \O 9eGQ T[Qd ADC 

Wd 9[O 9eGQD 4[ @[>[ $\F'XB å4N[ ;[ 
W4C[ Xe|  Eh Xilinx Virtex-4 XQR4VSX55 

FPGA Wd @[>[ 4[ W"I]@G I_O] COX Wd å4N[ 
;[ W4C[ Xe| 9[O SERDES 
N^\FND 4ü MEE Wd (g 6\C 
~2.65Gbps C4 @[>[ 4� 
$"CO[Ì� 4h W"L[Q[ ;[ W4C[ 
Xe| RS-422 N^\F Wd I].QW] Wd 
$"CO[Ì� \GN"TB \W�QD 4h 
XT[' T[åXC, $"CåOÈ T[åXC  W[O 
.T" åMG]W[O 4� \QNd ;\GC å4N[ 
;[ W4C[|     

2.5            I]I]I]I].....Q.Q.Q.Q....W] 4[ X[@ÁTdNO W] 4[ X[@ÁTdNO W] 4[ X[@ÁTdNO W] 4[ X[@ÁTdNO 
\TÝN[W\TÝN[W\TÝN[W\TÝN[W 

L[OC]N $"CåOÈ $G^W"F[G 
W"6?G 4� \T\L> $"CåOÈ-T[åXC 
W_÷MCO"6 G]CL[O 4� 
\Q.“G]CL[O \GN"T4” .4 
%TëN4 $TNT Xe|G]CL[O \G"NT4 
4ü �IOd5[ \9T 2, 4, 5 M» åE5[' 6' 
Xe| G]CL[O \G"NT4 .4 #M̂5 3O 
412]N \G"NT4 (I #B[Q] Xe ;h 
\T\L> 4[QG 3O \GN"T4 \W�çW 
E_WO] G]CL[O (I #B[Q] 4� \Q. 
(ÙI> 4OC[ Xe| 

@]..Mj.W[O G]CL[O \G"NT4 4ü 
W"O9G[ .W.' QdK 8~51W_÷M \G"NT4 
3O T>¼ÊW 6~~ .J.I].;]...(FPGA) 
;eWd M̂ËN 7>4 Wd 4ü 6' Xe CD[ 
CGDACS $Q6 Wd Ie4�; Xe|åMG]W[O 
G]CL[O \G"NT4 4ü W"O9G[ 

 

\9T\9T\9T\9T  ----3: .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    $"CåOÈ T[åXC$"CåOÈ T[åXC$"CåOÈ T[åXC$"CåOÈ T[åXC  W[OW[OW[OW[O    W];]W];]W];]W];]....@].W].W (IC"T 4� T[íC4̂Q[@].W].W (IC"T 4� T[íC4̂Q[@].W].W (IC"T 4� T[íC4̂Q[@].W].W (IC"T 4� T[íC4̂Q[ 

 

\9T \9T \9T \9T  4 : .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    @].MW[O@].MW[O@].MW[O@].MW[O        I] .Q W] (IC"T 4� T[íC4̂Q[I] .Q W] (IC"T 4� T[íC4̂Q[I] .Q W] (IC"T 4� T[íC4̂Q[I] .Q W] (IC"T 4� T[íC4̂Q[ 

 

\9T \9T \9T \9T  5  :     .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    $"CåOÈ T[åXC$"CåOÈ T[åXC$"CåOÈ T[åXC$"CåOÈ T[åXC  W[OW[OW[OW[O    I] .Q W] (IC"T 4� T[íC4̂Q[I] .Q W] (IC"T 4� T[íC4̂Q[I] .Q W] (IC"T 4� T[íC4̂Q[I] .Q W] (IC"T 4� T[íC4̂Q[ 
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HRS2 Data ADC-I Channel
Freq Ain = 225MHz Freq Clock = 500MHz

Parameters Values 

SFDR[dB] -43.264124

THD [dB] -42.383108

ENOB [Bits] 6.354037

SINAD CAPTURED[dB] 40.012204

SNR CAPTURED[dB] 43.772562

Theoretical SNR[dB] 49.800000

I/Q Amp. Imbalance[dB] 0.111568

I/Q Phase 
Imbalance[Deg]

2.796698

Supply Values (Amp)

+5.1V 1.0A

-5.1V 1.9A

+3.4V 1.8A

+1.2V 1.6A

 

\9T\9T\9T\9T        9: .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    @].MW[O  @].MW[O  @].MW[O  @].MW[O  W];]W];]W];]W];]....@].W].W (IC"T IO]ÈB 4� IåOB[M@].W].W (IC"T IO]ÈB 4� IåOB[M@].W].W (IC"T IO]ÈB 4� IåOB[M@].W].W (IC"T IO]ÈB 4� IåOB[M 

\I.Wh4.8~51W_÷M \G"NT4 3O T>¼ÊW 6 
.J.I].;]...(FPGA) ;eWd M̂ËN 7>4 Wd 
4ü 6' Xe CD[ CGDACS(W4� W[D M» X] 
\TQ]G Xe| $"CO]È T[åXC .ÊW K¾@ W[O 
G]CL[O \G"NT4 4ü W"O9G[ 
2.K].W].W_÷M \G"NT4 3O T>¼ÊW 
5.J.I].;]...(FPGA) ;eWd M̂ËN 7>4 Wd 
4ü 6' Xe| 

 “G]CL[O \GN"T4”, G]CL[O 4� \T\L> 
4[NÁ ;eWd 4�, 0G Kh@Á $"CåOÈ N[G 
4�ßN_>O 4� W[D $"CO[Ì�, E_O[EdU 4[ 
T]4h@Á 3O $G^I[QG 3O E_OåM\C 
4[ W"I_OB 4OC[ Xe| NX L_ Wd Ld;d 6. 
G]CL[O #[9Q 4h $\L'[X 4OC[ Xe T 
O@[O 4� \T\L> (IC"TD 4� \Q. $Q6-
$Q6 W"9[QG #4[O 4� åXW[K Wd 
4[QG 3O \G"NT4 \W�Q (ÙI> 
4OC[ Xe| %TëN4 eI Wd 4Xd Ch, 
G]CL[O \GN"T4 G]CL[O #9[QG XdĈ 
M̂5-O[O 4[ W;ÁG 4OC[ Xe| 

 

WeÝN M[IE"@- 1553 9]I 4� (INh6 Wd 
G]CL[O \GN"T4, $"CåOÈ N[G 4� KW #"KF 
&4[' (BMU) 4� W[D ;^tC] Xe|G]CL[O 
\G"NT4 4[ WeÝN M[IE"@- 1553 4� W^E_O 
>åMÁGQ 4� eI M» W"eIB �% Xe 3O NX KW 
#K"F &4[' Wd EhXOd $\CåOF KW Wd ;^t[ 
�% Xe|G]CL[O \G"NT4 4� 4[QG 3O 
\GN"T4 \W�Q ;h E_WOd (IC"T Wd 
$"CO[Ì�]N Xe T \TLdE] 3O .4 LdE] Xe| 
G]CL[O 4� \Q. W[Od 4[QG \W�Q 
.J.I].;].. Wd (ÙI> XhCd Xe 3O Nd WK 
0G-0J 4[QG 4� \Q. #h'[MG]N Xe| 

2.6    $"4üN C"T 4�$"4üN C"T 4�$"4üN C"T 4�$"4üN C"T 4�    Ie4�; 4[ $\L4çIIe4�; 4[ $\L4çIIe4�; 4[ $\L4çIIe4�; 4[ $\L4çI 

åE5[Nd 6. \9T 4� $G^W[O XMGd $"4üN C"T    $\L4çI 4h 4[Jü :h>[ .T" Xç4[ 4OGd 4ü 4h\UU 4ü Xe|    @].MW[O  4� 
W];]. åM\GWO M» C]GD (IC"T 4h .4 X] 4[@Á M» WM[TdU 4O, .4 Ie4�; M» 6å?C å4N[ 6N[ Xe| .ÊW Kdá@ $"CåOÈ 
T[åXC  W[O (RISAT-2A) 4�    W];].@].W].W .T" I] .Q W] 4� 4[@Á $Q6 XD6d IO"Ĉ NX EhGD 4[@Á .4 X] &. I] W] 4� 
W[D .4 Ie4�; M» 6å?C XD6»|@].W].W .T" I] .Q W] 4� W[D I/O 4[@Á 4h $Q6 $Q6 Ie4�; M» O5[ 6N[ D[| 

 

\9T\9T\9T\9T        7 : .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    åMG]W[OåMG]W[OåMG]W[OåMG]W[O    $"4üN$"4üN$"4üN$"4üN    C"T 4[ $\L4çIC"T 4[ $\L4çIC"T 4[ $\L4çIC"T 4[ $\L4çI 

 

\9T \9T \9T \9T  8 : .ÊW.ÊW.ÊW.ÊW    K»@K»@K»@K»@    $"CåOÈ T[åXC$"CåOÈ T[åXC$"CåOÈ T[åXC$"CåOÈ T[åXC  W[O W[O W[O W[O (RISAT-2A) $"4üN$"4üN$"4üN$"4üN    C"T 4[ $\L4çIC"T 4[ $\L4çIC"T 4[ $\L4çIC"T 4[ $\L4çI 

 

\9T \9T \9T \9T  6: : : :     .ÊW .ÊW .ÊW .ÊW K»@K»@K»@K»@    @].MW[O@].MW[O@].MW[O@].MW[O    $"4üN$"4üN$"4üN$"4üN    C"T 4[ $\L4çIC"T 4[ $\L4çIC"T 4[ $\L4çIC"T 4[ $\L4çI 
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7.... .ÊW Kdá@ @].ÊW Kdá@ @].ÊW Kdá@ @].ÊW Kdá@ @].MW[O .MW[O .MW[O .MW[O IO]ÈB 4� IåOB[MIO]ÈB 4� IåOB[MIO]ÈB 4� IåOB[MIO]ÈB 4� IåOB[M     
.ÊW K¾@ @].MW[O 4� C"TD 4[ XMGd E_WOd (IC"T 4� W[D WM[4\QC $TíD[ M» IO]ÈB å4N[ D[| IO]ÈB 4� IåOB[M 
4[Jü W"ChV;G4 Xe| \9IÁ K¾@ \TíC[O (I & Q), .G[Qh6 K¾@ \TíC[O .T" / @] W] 4[ ENOB \T\G\GE¼U 4� $G^W[O I[N[ 
6N[ Xe| I] .Q W] ;\GC %TëN4 \W�Q L] W"ChV;G4 Xe| 

 

3.0 \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ 
.ÊW .ÊW .ÊW .ÊW K¾@    W[OW[OW[OW[O    4� (INh6 4� 4� (INh6 4� 4� (INh6 4� 4� (INh6 4� 
\QNd \QNd \QNd \QNd $"4üN C"T 4� 
$\L4çI M» 4[Jü 
GT]G]4OB GT]G]4OB GT]G]4OB GT]G]4OB å4å4å4å4N[ 6N[ Xe| N[ 6N[ Xe| N[ 6N[ Xe| N[ 6N[ Xe| 
&WM» .44 9dGQ Wd \O &WM» .44 9dGQ Wd \O &WM» .44 9dGQ Wd \O &WM» .44 9dGQ Wd \O 
9dGQD 9dGQD 9dGQD 9dGQD ( ( ( ( H & V)    4h .4 X] 4h .4 X] 4h .4 X] 4h .4 X] 
4[@Á M» O5[ 6N[ Xe| 4[@Á M» O5[ 6N[ Xe| 4[@Á M» O5[ 6N[ Xe| 4[@Á M» O5[ 6N[ Xe| 
#\C9NG %T̀\Ç 4h 
500MHz Wd Qd4O  750MHz 
C4 å4N[ 6N[ Xe| \9IÁ K¾@ 
\TíC[O (I  CD[  Q) 4h 
112MHz Wd    Ku[ 4O 
168.5MHz 4[ åEN[ Xe| C]n 6\C T[Qd @[>[ 4[ $"CO[Ì� BDH 4� W[D 3 Od5[ M» Wd .4 Od5[ M» å4N[ 6N[ Xe| FPGA  4[ 
9NG Virtex-4  Wd Qd 4O virtex-6  CD[ virtex-5 IO L] $\L4çI å4N[ 6N[ Xe| I] .Q W] 4� $\L4çI M» L] 8051  

%F[åOC microcontroller  Wd Qd 4O OBC ASIC CD[ PSOC IO L] å4N[ 6N[ Xe| .W .ÊW Kdá@.ÊW Kdá@.ÊW Kdá@.ÊW Kdá@ W[O 4ü %T̀\C IO 
$\L4çI 4� 6?G 4OGd M» XMGd W"4�C ÎØC[, EMI/EMC,  C[I]N CD[ W\ãMÅ  $"CO[Ì�  M̂"Eh 4h I_BÁ 4OGd M» 9̂Gi\CN[! 
4[ W[MG[ å4N[ Xe| $çI\T4[W]N Mf@Q 4[ QdK M» IO]ÈB å4N[ 6N[ Xe| XM» (t[G Mf@Q 4� $\L4çI M» (ßIO 
åE5[' 6N] 9̂Gi\CN[! 4h I_BÁ 4OG[ Xh6[| 

 

4.0 %L[O %L[O %L[O %L[O  
&W Qd5 4� Qd54, W_÷MCO"6 W"TdE4 WK"F] \T4[W 6\C\T\F CD[ C4G]4ü 4[M M» åX"E] 4� &íCdM[Q 4ü KuhCO] XdĈ 
M[6ÁEUÁG 3O #hÙW[XG 4� \Q. Å] CIG åMÅ[ (\GEdU4, $"CåOÈ (INh6 412), Å] \GQdU EdW[' ((I \GEdU4, W_÷MCO"6 
W^E_O W"TdEG ÈdT),K]. .W. O[MG ('^I #F[G, W_÷M CO"6 W"TdEG $"4üN WM_X( 3O .W .M \TTdE] (#F[G .M..W.@].@])  
4� #\C %L[O êNF 4OCd X¾| Qd54 Å] K].%O.O[;I_C (TåO� åX"E] $\F4[O]) 3O åX"E] 4È 4� WX4åMÁND 4� #\C, 

(G4ü &W Qd5 4h åX"E] M» M̂2B 4� XdĈ 4ü MEE 4� \Q. $L[O êNF 4OCd Xe| Qd54 $IGd W_÷MCO"6 W"TdEG $"4üN 
WM_X 4� WX4MúND, $"CåOÈ (INh6 412 4� K[4ü 4MÁ9[O] CD[ &WOh 4� $ÝN 412D 4� 4MÁ9[O] \;ÝXDGd W_÷MCO"6 
O@[O W"TdE4 åMUG XdĈ $IG[ Nh6E[G 3O WXNh6 åEN[ Xe (G4� #\C L] %L[O êNF 4OCd X¾| 

*** 
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W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6     

L_íD[\G4 .T" ÈdT %"4tDL_íD[\G4 .T" ÈdT %"4tDL_íD[\G4 .T" ÈdT %"4tDL_íD[\G4 .T" ÈdT %"4tD    O[O[ O[O[ O[O[ O[O[ L[OC]N '[M]L[OC]N '[M]L[OC]N '[M]L[OC]N '[M]B I[åO\íD\C C"T 4� B I[åO\íD\C C"T 4� B I[åO\íD\C C"T 4� B I[åO\íD\C C"T 4�     
);[Á);[Á);[Á);[Á    W"CQ̂G 4[ $ÜNNGW"CQ̂G 4[ $ÜNNGW"CQ̂G 4[ $ÜNNGW"CQ̂G 4[ $ÜNNG    

%L[ :[K@[%L[ :[K@[%L[ :[K@[%L[ :[K@[    
IN[ÁTOB 3O ;Q \TÉ[G #L[6IN[ÁTOB 3O ;Q \TÉ[G #L[6IN[ÁTOB 3O ;Q \TÉ[G #L[6IN[ÁTOB 3O ;Q \TÉ[G #L[6        

;e\T4 .T" 'X]N \TÉ[G CD[ (INh6 '^I ;e\T4 .T" 'X]N \TÉ[G CD[ (INh6 '^I ;e\T4 .T" 'X]N \TÉ[G CD[ (INh6 '^I ;e\T4 .T" 'X]N \TÉ[G CD[ (INh6 '^I     
L_L_L_L_, , , , WM2̂WM2̂WM2̂WM2̂, , , , T[N^M"@QT[N^M"@QT[N^M"@QT[N^M"@Q, , , , 'X]N \TÉ[G 3O (INh6 ÈdT'X]N \TÉ[G 3O (INh6 ÈdT'X]N \TÉ[G 3O (INh6 ÈdT'X]N \TÉ[G 3O (INh6 ÈdT    

$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E    

''''----MdQMdQMdQMdQ: : : : abha@sac.isro.gov.inabha@sac.isro.gov.inabha@sac.isro.gov.inabha@sac.isro.gov.in    

W[O["UW[O["UW[O["UW[O["U    

#M̂5 eI Wd L[OC .4 4_\V .T" '[M]B #F[G EdU Xe| Li6h\Q4 \íD\C, ÈdTJQ, M[GT .T" IU^ ;GW!ËN[, 
;GW!ËN[ 7GÙT, #[4_\C4 W"W[FGD 4ü (IQáFC[, 5dC] 4� W[FG .T" %;]\T4[ \9T[M %åE 4ü t\` Wd EdU 4� 
'[M]B ÈTD M» K�C \T\L>C[ Ed5] ;[C] Xe| IN[ÁTOB 4ü t\` Wd '[M]B I[åO\íD\C C"T 4[ );[Á W"ĈQG .4 
MXÙTI_BÁ TeÉ[\G4 UhF 4[ \TVN Xe| #íĈC $ÜNNG EdU 4� .4 $FÁ-U^ì4 '[M]B I[åO\íD\C C"T 4� \T\L> 7>4D 
O[O[ );[Á (ÙI[EG CD[ );[Á 5IC 4� \GTQ );[Á W"ĈQG 4[ \TíC̀C %4QG EU[ÁC[ Xe| '[M]B C"T 4ü W]M[ 4� 
$"C6ÁC 7å>C XhGd T[Qd $Gd4 M[GT]N );[Á #T[XD 4� \GTdU-\G6ÁMG 4h WM<Gd 4� \Q. .4 ‘'[M]B );[Á 
W"ĈQG’ Mf@Q 4[ \T4[W å4N[ 6N[| ÈdT, WX[N4, (g–\TLdEG (I'X] %"4tD, .T" Li6h\Q4 W_9G[ #B[Q] IO 
%F[åOC .4 .4ü4_C (I6MG O[O[ Mf@Q 4� \T\L> \GTdUD 4h CeN[O å4N[ 6N[| '[M .T" 7OdQ_ íCO IO \T\FTC 
\T4\WC #ëG[T\QND 4� M[ÜNM Wd (IQáF );[Á W"W[FGD .T" );[Á 5IC 4� M_Q .T" 6iB ÈdT]N %"4tD 4h 
.4\TC å4N[ 6N[| (g–\TLdEG K�4[\Q4 RESOURCESAT-2 (LISS-IV) %"4tD 4h #Nh64O 
L_(INh6/L_%TOB M[G\9T CD[ TG-ÈdT 4� K[XO \íDC IdtD O[O[ ;M]G] WCX Wd )IO W"9\NC K[NhM[W 4[ 
%4QG L] å4N[ 6N[| $ÜNNGOC $FÁ-U^ì4 '[M]B I[åO\íD\C C"T 4[ \GTQ );[Á W"ĈQG 13.06 Terra 

Joules %"4[ 6N[ Xe ;h NX EU[ÁC[ Xe å4 NX .4 íT"N-\9O"CG '[M]B I[åO\íD\C C"T Xe| &W $ÜNNG 4� IåOB[M 
L\TìN M» '[M]B \T4[W 4� \Q. (IQáF );[Á W"W[FGD .T" L[T] );[Á %TëN4C[2" 4ü G]\C-\GNMD T 
IåONh;G[2" XdC_ K�C MXÙTI_BÁ \W; Xh W4Cd X¾|  

 

1111.... #íC[TG[ #íC[TG[ #íC[TG[ #íC[TG[     
L[OC .4 4_\V .T" '[M]B #F[G EdU Xe| GT]GCM ;GW!ËN[ %!4tD 4� $G^W[O EdU 4ü CpO]KG 70 #\CUC 
%K[E] '[M]B ÈdTD M» OXC] Xe CD[ \I:Qd EU4 M» '[M]B ;GW!ËN[ M» 90.47 åM\QNG 4ü T̀\; �' Xe (;GW!ËN[, 
2011)| W"I_BÁ EdU M» Li6h\Q4 \íD\C, ÈdTJQ, M[GT .T" IU^ ;GW!ËN[, ;GW!ËN[ 7GÙT, #[4_\C4 W"W[FGD 4ü 
(IQáFC[, 5dC] 4� W[FG .T" %;]\T4[ \9T[M %åE 4ü t\` Wd EdU 4� '[M]B ÈTD M» K�C \T\L>C[ Ed5] ;[C] 
Xe| L[OC]N IåOTdU M» .4 '[M]B I[åO\íD\C C"T M» \T\L> 4_\V #D[N», IU^I[QG, M̂6ú-I[QG, T̀ÈD 4ü #;[\CN[", 
L_(INh6, K";O L_åM, åOX[NU] '[M]B IåOT[O, (ah6 CD[ êN[I[O %åE WM[åXC XhCd X¾| EdU 4ü $\F4CM '[M]B 
;GW!ËN[ $FÁ-U^ì4 )VB4å>K"F ÈdTD M» OXC] Xe, ;X[! L_åM #[N# \GãG TV[Á T ÑN[E[CO TV[Á-%F[åOC 4_\V .T" 
K";O L_åM 4ü K�QC[ I[' ;[C] Xe (XåOW Te> .T" 6O]ÊI\C, 2008)| $Gd4 #4[O 4� U^ì4 T[C[TOB]N #\CKQD 4� 
4[OB &G ÈdTD M» OXGd T[Qd '[M]B Qh6D 4ü %;]\T4[ ;QT[N^ IåOTCÁG 4� #\C $\CW"TdEGU]Q XhC] Xe| W[D X] 
&G ÈdTD M» (IQáF );[Á W"W[FGD .T" L[T] );[Á %TëN4C[2" 4h WM<G[ T (G4[ %4QG 4OG[ .4 
TeÉ[\G4 UhF 4[ MXÙTI_BÁ \TVN Xe|  

2222.... $ÜNNG$ÜNNG$ÜNNG$ÜNNG----(ªdëN(ªdëN(ªdëN(ªdëN    

TCÁM[G L[OC]N IåOId÷N M» $FÁ-U^ì4 '[M]B I[åO\íD\C C"T 4� );[Á W"ĈQG IO %F[åOC K�C W]åMC $ÜNNG 
(IQáF X¾| I"ø[ .T" IdF[åEN[ (1993) Gd 6̂;O[C 4� .4 $FÁ-U^ì4 '[M]B I[åO\íD\C C"T 4[ W]åMC );[Á W"ĈQG 
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#íĈC å4N[ D[| IN[ÁTOB 4ü t\` Wd .4 '[M]B I[åO\íD\C C"T 4ü ;å>QC[ 4h WM<G[ CD[ WL] M[GT]N );[Á 
#T[XD 4[ M[T]4OB 4OG[ $"ÙN"C MXÙTI_BÁ XhC[ Xe| &W] Q÷N 4h ÜN[G M» O5Cd �. NX #íĈC $ÜNNG å4N[ 
6N[ Xe| &W $ÜNNG 4[ #M̂5 (adëN .4 $FÁ-U^ì4 '[M]B I[åO\íD\C C"T 4ü W]M[ 4� $"C6ÁC %Gd T[Qd WL] 
#4[O 4� #[4_\C4 2O M[GT]N );[Á (ÙI[EG, );[Á 5IC, );[Á %N[C T );[Á \GN[ÁC 4� çhCD 4[ M[G4ü4OB 
CD[ \GTQ );[Á W"ĈQG 4[ %4QG 4OG[ Xe|  

3333....    $ÜNNG$ÜNNG$ÜNNG$ÜNNG----ÈdT .T" #NF̂ %!4tdÈdT .T" #NF̂ %!4tdÈdT .T" #NF̂ %!4tdÈdT .T" #NF̂ %!4td    
NX $ÜNNG MÜN MX[O[ Ä̀ 4� $XMEG6O \;Qd 4ü I[OGdO CXW]Q M» \íDC O[Qd6G \W\; 6[!T M» å4N[ 6N[ D[| 
NX 6[!T ÎBd UXO Wd 87 å4QhM]>O CD[ $XMEG6O O[ÑN M[6Á Wd CpO]KG 40 å4QhM]>O 4ü E_O] IO \íDC Xe| &W 
6[!T 4[ 4WQ ÈdTJQ 982.31 XdÊ>O Xe| Li6h\Q4 t\` Wd NX 6[!T .4 W_5[-#F[G ÈdT 4� $"C6ÁC %C[ Xe ;X[! 
C[IM[G 12-44 å@'] Wd\çW$W CD[ TV[Á M[T 50-650 åMQ]M]>O XhC] Xe| O[Qd6G \W\; 6[!T 9[OD 2O Wd )!9]-
G]9] IX[\tND Wd \7O[ �% Xe| 4W: ÈdTD M» 4�4@ 4� W[D 4[Q] åM�] Xe, IO"Ĉ M̂ËNC# K";O L_åM Xe|  

 

\9T \9T \9T \9T 1111: : : : $ÜNNG$ÜNNG$ÜNNG$ÜNNG----ÈdTÈdTÈdTÈdT    4[ \íD\C M[G\9T4[ \íD\C M[G\9T4[ \íD\C M[G\9T4[ \íD\C M[G\9T    

&W $ÜNNG 4� \Q. W^E_O W"TdEG, Li6h\Q4 W_9G[ #B[Q] T WX[N4 %"4tD 4� W[D \TíC̀C ÈdT T L_-WÙNC[ 
%!4tD 4[ #Nh6 å4N[ 6N[| ÈdT WT¼ O[O[ '[M]B 7OíCO (Rural Household) T '[M íCO IO \T\TF #4[O 4� 
#[DåM4 %!4tD ;eWd ;GW!ËN[, %;]\T4[ W[FG, W[M[\;4 T %\DÁ4 íCO, 4_\V, IU^I[QG, Lh;G, \K;Q] 
5IC, (IQáF ;]T[ëM 3O ÎGGÁT] 'FG �hCD 4ü (IQáFC[, (ah6/êN[I[O 4� \GTdU-\G6ÁMG 4h .4\TC å4N[ 
6N[| íCO]N N[t\Ï:4 #\C9NG (I6MG (Stratified Random Sampling approach) IO %F[åOC êNT\íDC 
#ëG[T[\Q2" 4� M[ÜNM Wd $ÜNNG ÈdT 4� 100 7OD Wd #[DåM4 %"4@d .4\TC å4. 6.| L[OC]N 4_\V $G^W"F[G 
IåOVE 4� T6ú4OB 4h ÜN[G M» O5Cd �. å4W[G IåOT[OD 4h (G4� L_åM $\F4[åOC[ 4� %F[O IO W]M["C, :h>d, 
$FÁ-M[ÜNåM4, M[ÜNåM4 2O Ktd å4W[Gh 4ü ÅdB]ND M» K[">[ 6N[| &W4� $\CåOF '[M/áQf4 íCO IO $Gd4 
4[N[ÁQND ;eWd '[MWdT4, '[M I"9[NC, CQ[>], áQf4 \T4[W, IU^ \9å4ÙW4, \TâC %åE Wd $ÝN %"4@d .4\TC 
å4. 6.| WXL[6] '[M]B .\#WQ (Participatory Rural Appraisal) 4ü \T\L> C4G]4D ;eWd W[M[\;4 
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M[G\9TB 41\2C 99[Á #[\DM4 O"å4�6 *C\TN \9TD O[O[ L] '[M]B IåOIdÈ 4� $Gd4 #[DåM4 %"4tD 4h .4\TC 
å4N[ 6N[| W[D X] (IQáF UhF ITµ Wd EdU-\T\U` );[Á eI["COB 4[O4D 4h W"'åXC å4N[ 6N[|  

\9T\9T\9T\9T    2: 2: 2: 2: O[Qd6G \W\; 6[!T M» ÈdT T L_O[Qd6G \W\; 6[!T M» ÈdT T L_O[Qd6G \W\; 6[!T M» ÈdT T L_O[Qd6G \W\; 6[!T M» ÈdT T L_----WÙNC[ WÙNC[ WÙNC[ WÙNC[ %!4tD%!4tD%!4tD%!4tD    4[ .4T]4OB4[ .4T]4OB4[ .4T]4OB4[ .4T]4OB        

RESOURCESAT-2 (LISS-IV) 5.8 M]>O 4� K�4[\Q4 %"4tD (20 $F�KO 2011, 25 åEWãKO 2012, 31 M[9Á 
2013) 4h #Nh64O $ÜNNG ÈdT 4� L_(INh6/L_%TOB M[G\9T KG[Nd 6.| &W4� $\CåOF TG-ÈdT 4� K[XO 
\íDC IdtD O[O[ ;M]G] WCX Wd )IO W"9\NC K[NhM[W 4� %4QG M» L] &G4[ #Nh6 å4N[ 6N[| L[OC]N TG 
WT¼ÈB O[O[ íD[\IC \T\F (O[TC .T" $ÝN, 2005) 4� $G^eI TG-ÈdT 4� K[XO \íDC IdtD 4� \TíC̀C ÈdT %!4tD 
4h L] .4\TC å4. 6N[|  

4.4.4.4. #NF̂ \T\F #NF̂ \T\F #NF̂ \T\F #NF̂ \T\F     
'[M]B \GT[W íCO T '[M íCO IO .4\TC %!4tD 4[ .4 \TíC̀C W"\54üN @[>[KdW CeN[O å4N[ 6N[| W[D X] 
TG-ÈdT 4� K[XO \íDC IdtD 4� \TíC̀C ÈdT %!4tD 4[ L] .4 \TíC̀C W"\54üN @[>[KdW CeN[O å4N[ 6N[| .J. 
%O. ' (1996) O[O[ KC[' 6' \T\U` %NCG WM]4OB 4h #Nh64O #ÙNd4 T̀È 4ü Q4t] 4[ %NCG 4[ 
%4QG å4N[ 6N[| &W4� Ië9[Cj #ÙNd4 T̀È 4ü #;[\C 4ü Q4t] 4[ \T\U> 7GÙT 4h #Nh64O (W IE 4[ 
;M]G] WCX Wd )IO W"9\NC K[NhM[W 4[ %4QG å4N[ 6N[| CÊIO["C #ÙNd4 ¤[> 4� 4WQ Id@D 4[ ;M]G] WCX 
Wd )IO W"9\NC K[NhM[W 4[ %4QG å4N[ 6N[|  

Md7[OåXC RESOURCESAT-2 (LISS-IV) 5.8 M]>O 4� K�4[\Q4 %"4tD (20 $F�KO 2011, 25 åEWãKO 
2012, 31 M[9Á 2013) 4h #Nh64O .4 W^E_O W"TdEG @[>[KdW KG[N[ 6N[| $ÜNNG-ÈdT 4ü \Q. L[OC]N WT¼ÈB 
\TL[6 4ü #U[W\G4 W]M[ 4h #N^F4O LISS-IV \KãKD 4h WKWe> å4N[ 6N[| L_W"F\LÁC @[>[ 4[ T[N^M"@Q]N 
W"UhFG SACRS-2 >_Q (I"ø[ .T" $ÝN, 2013) 4� M[ÜNM Wd å4N[ 6N[| K�4[\Q4 %"4tD 4[ ERDAS 

IMAGINE 9.2 Wfà>TdNO O[O[ \K"K T6ú4OB å4N[ 6N[| CÙIë9[C íIdÊ>Ä[M] T6µ 4h 7 \T\L> Åd\BND – 
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åOX[NU] L_åM, .4 JWQ, åEêJWQ, K";O L_åM, <[@-<"4[t, T̀È[åEC .T" ;Q[UN N[ GE] M» K[!>[ 6N[| #ÙNd4 
L_(INh6/L_%TOB T6Á 4ü $"C6ÁC L_åM 4[ %4QG å4N[ 6N[ CD[ ArcGIS 9.2 Li6h\Q4 W_9G[ #B[Q] 
Wfà>TdNO 4ü MEE Wd L_(INh6/L_%TOB M[G\9T KG[Nd 6.| TG-ÈdT 4� K[XO \íDC IdtD 4[ 4WQ ;M]G] WCX Wd 
)IO W"9\NC K[NhM[W 4h 0.5 (ú[(G .T" $ÝN, 1999) Wd 6̂B[ 4O4� 4WQ 4[KÁG 4[ %4QG å4N[ 6N[|  

&W $ÜNNG 4ü $"C6ÁC .4 ‘'[M]B );[Á W"ĈQG’ Mf@Q 4[ \T4[W å4N[ 6N[| NX Mf@Q .4 '[M W]M[ M» 7å>C 
WL] );[Á (ÙI[EG T );[Á 5IC �hCD, );[Á %N[C T \GN[ÁC ;eWd );[Á #T[XD IO %F[åOC Xe| '[M]B 
I[åO\íD\C C"T 4� I"9 (IC"T – 4_\V, IU^I[QG, '[M]B \GT[W, (ah6/êN[I[O .T" TG-ÈdT 4� K[XO \íDC Idt 4� 
WL] \GTdUD 4h WM[åXC4O \GTQ );[Á W"ĈQG 4[ \TíC̀C %4QG EdC[ Xe| '[M]B 7OíCO IO .4\TC %!4tD 
4h W"\54üN Wfà>TdNO SPSS ver. 19 4ü MEE Wd '[M íCO IO #Èd\IC å4N[ 6N[| Mf@Q M» #N^F EdU-\T\U` 
);[Á eI["COB 4[O4D 4[ W"4QG å4N[ 6N[ Xe (G[6 .T" $ÝN, 2014 3O 66Á .T" $ÝN, 2014)| &W Mf@Q M» 
W[M[\;4 \íD\C, %;]\T4[ .T" %\DÁ4 \íD\C 4ü %F[O IO $Q6-$Q6 eI Wd \TíC̀C \GTQ );[Á W"ĈQG 4[ 

%4QG å4N[ ;[ W4C[ Xe| \9T 3 M» CMEUú %Od5 4� O[O[ $ÜNNG \T\F 4h \TíC[O Wd EU[ÁN[ 6N[ Xe|  
\9T \9T \9T \9T 3333: : : : #NF̂ $ÜNNG \T\F#NF̂ $ÜNNG \T\F#NF̂ $ÜNNG \T\F#NF̂ $ÜNNG \T\F    4[ CMEUú %Od54[ CMEUú %Od54[ CMEUú %Od54[ CMEUú %Od5    

5. 5. 5. 5. IåOB[M .T" 99[ÁIåOB[M .T" 99[ÁIåOB[M .T" 99[ÁIåOB[M .T" 99[Á    
M̂ËNC# O[Qd6G \W\; 6[!T $FÁ-U^ì4, TV[ÁX]G '[M]B I[åO\íD\C C"T 4[ ahC4 Xe| \TIO]C IåO\íD\CND 4� 
K[T;_E 6[!T 4� Qh6D Gd WM[;WdT] Å] $>[ X;[Od 4� GdC̀ÙT M» ;Q W"'XB ÈdTD 4[ \T4[W .T" ;Q #K"FG 4� 
$D4 #N[WD O[O[ &W 6[!T 4h .4 Mf@Q 6[!T 4� eI M» \T4\WC å4N[ Xe| $\F4CM '[M]B \GT[\WND 4ü 
%;]\T4[  4_\V %F[åOC Xe| RESOURCESAT-2 (LISS-IV) 4� K�4[\Q4 %"4tD IO %F[åOC 
L_(INh6/L_%TOB M[G\9T (\9T 4) T %Od5 (\9T 5) Wd É[C XhC[ Xe å4 6[!T 4� 4WQ ÈdTJQ 4[ 40% L[6 4_\V 
4� $"C6ÁC Xe, CD[ 34% åXíW[ K";O L_åM M» %C[ Xe| $Q6-$Q6 L_(INh6 4� $"C6ÁC \TCOB 4h \9T 4 M» EU[ÁN[ 
6N[ Xe| $ÜNNGOC &W 6[!T M» );[Á 4[ #T[X #M̂5C# ;QT[N^ \íD\C, M[GT]N .T" IU^ ;GW!ËN[, 4_\V I;\CN[! 
2O Id@h O[O[ W"9[\QC XhC[ Xe| $ÜNNG 4� IåOB[MD Wd É[C XhC[ Xe å4 NX 6[!T );[Á W"ĈQG å4 t\` Wd K�Q Xe 
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;h NX EU[ÁC[ Xe å4 NX .4 íT"N-\9O"CG '[M]B I[åO\íD\C C"T Xe| &W4[ #M̂5 4[OB WiO );[Á O[O[ #T[åXC 
TGíI\C );[Á (4_\V T Idt) Xe ;h );[Á 5IC Wd $\F4 Xe| 4_\V-(IC"T 4[ \GTQ );[Á W"ĈQG 3.044 Terra 
Joules %"4[ 6N[ Xe| \K;Q], ;Q[) Q4t] T ;]T[ëM 'FG �hCD 4ü (IQáFC[ 4� 4[OB '[M]B åOX[NU] 
(IC"T M» );[Á 5IC ÑN[E[ Xe| W"I_BÁ eI Wd &W $FÁ-U^ì4 '[M]B I[åO\íD\C C"T 4[ \GTQ );[Á W"ĈQG 13.06 

Terra Joules %"4[ 6N[ Xe|  

 

\9T \9T \9T \9T 4444    : : : : K�4[\Q4 K�4[\Q4 K�4[\Q4 K�4[\Q4 RESOURCESATRESOURCESATRESOURCESATRESOURCESAT----2222    ((((LISSLISSLISSLISS----IV)IV)IV)IV)    4� K�4[\Q4 %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ 4� K�4[\Q4 %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ 4� K�4[\Q4 %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ 4� K�4[\Q4 %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ 
L_(INh6L_(INh6L_(INh6L_(INh6////L_%TOB M[G\9TL_%TOB M[G\9TL_%TOB M[G\9TL_%TOB M[G\9T    

    

\9T \9T \9T \9T 5555    : : : : W^E_O W"TdEG %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ L_(INh6W^E_O W"TdEG %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ L_(INh6W^E_O W"TdEG %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ L_(INh6W^E_O W"TdEG %"4tD IO %F[åOC O[Qd6G \W\; 6[!T 4[ L_(INh6////L_%TOB T6ú4OBL_%TOB T6ú4OBL_%TOB T6ú4OBL_%TOB T6ú4OB    

WXL[6] '[M]B .\#WQ O[O[ 6[!T 4� Qh6D 4ü *C\TN );[Á %TëN4C[2", );[Á W"W[FGD 4ü (IQáFC[ .T" 
L\TìN M» ÎGGÁT] 'FG �hCD 4ü ÈMC[ 3O );[Á %TëN4C[2" 4� K[Od M» MXÙTI_BÁ ;[G4[O] #[o �'| I_TÁ M» 
ÎGGÁT] 'FG �hCD ;eWd 6hKO 6eW, WiO );[Á W[FG %åE 4h #Nh6 4OGd 4� #N[W å4. 6. Dd IO"Ĉ (\9C 
O5O5[T 4ü 4M] 4� 4[OB &G #N[WD M» $\F4 WJQC[ GXù åMQ I['| ÊNDå4 NX 6[!T \G9Q] IX[\tND 3O 
WMCQ ;M]G M» \íDC Xe, $C# L\TìN M» ITG );[Á 4� W[FGD 4� \Q. #N[W 4OG[ Q[LE[N4 Xh W4C[ Xe| W[D 
X] '[M]B ;GC[ 4h );[Á 4� ÎGGÁT] );[Á �hCD 4� #Nh6 3O O5O5[T 4� K[Od M» \U\ÈC 4OG[ L] %TëN4 Xe|     

5. 5. 5. 5. \Gì4VÁ \Gì4VÁ \Gì4VÁ \Gì4VÁ     



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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#íĈC $ÜNNG EdU 4� MX[O[ Ä̀ O[ÑN 4� $FÁ-U^ì4 $XMEG6O \;Qd 4ü I[OGdO CXW]Q M» \íDC O[Qd6G \W\; 
6[!T 4� I[åO\íD\C C"T 4� \T\L> 7>4D O[O[ );[Á (ÙI[EG CD[ );[Á 5IC 4� \GTQ );[Á W"ĈQG 4[ \TíC̀C 
%4QG EU[ÁC[ Xe| '[M]B C"T 4ü W]M[ 4� $"C6ÁC 7å>C XhGd T[Qd $Gd4 M[GT]N );[Á #T[XD 4� \GTdU-\G6ÁMG 
4h WM<Gd 4� \Q. .4 ‘'[M]B );[Á W"ĈQG’ Mf@Q 4[ \T4[W å4N[ 6N[| ÈdT, WX[N4, (g–\TLdEG (I'X] 
%"4tD, .T" Li6h\Q4 W_9G[ #B[Q] IO %F[åOC .4 .4ü4_C (I6MG O[O[ Mf@Q 4� \T\L> \GTdUD 4h CeN[O 
å4N[ 6N[| (g–\TLdEG K�4[\Q4 RESOURCESAT-2 (LISS-IV) %"4tD 4h #Nh64O L_(INh6/L_%TOB 
M[G\9T CD[ TG-ÈdT 4� K[XO \íDC IdtD O[O[ ;M]G] WCX Wd )IO W"9\NC K[NhM[W 4[ %4QG L] å4N[ 
6N[| $ÜNNGOC $FÁ-U^ì4 '[M]B I[åO\íD\C C"T 4[ \GTQ );[Á W"ĈQG 13.06 Terra Joules %"4[ 6N[ Xe 
;h NX EU[ÁC[ Xe å4 NX .4 íT"N-\9O"CG '[M]B I[åO\íD\C C"T Xe| ;Q W"'XB ÈdTD 4[ \T4[W .T" ;Q #K"FG 4� 
$D4 #N[WD O[O[ &W 6[!T 4h .4 ‘Mf@Q 6[!T’ 4� eI M» \T4\WC å4N[ Xe| L\TìN M» ÎGGÁT] );[Á W[FGD 4� 
\Q. #N[W 4OG[ Q[LE[N4 Xh W4C[ Xe| W[D X] '[M]B ;GC[ 4h );[Á 4� �hCD 4[ #Nh6 3O O5O5[T 4� 
K[Od M» \U\ÈC 4OG[ L] %TëN4 4EM Xh6[| &W $ÜNNG 4� IåOB[M L\TìN M» '[M]B \T4[W 4� \Q. (IQáF 
);[Á W"W[FGD .T" L[T] );[Á %TëN4C[2" 4ü G]\C-\GNMD T IåONh;G[2" XdC_ K�C MXÙTI_BÁ \W; Xh W4Cd 
X¾|     

%L[O %L[O %L[O %L[O     
#íĈC $ÜNNG &WOh 4ü ‘.G;ú ."@ M[W .Êí9"; &G Td\;>d>]T \Wí>ãW’’ IåONh;G[ 4� $ÝC6ÁC å4N[ 6N[| M¾ Å] 
% W] å4OB4WM[O (I_TÁ \GEdU4, We4), @f. ;N \W"X IåOX[O (I_TÁ (I\GEdU4, .IW[ We4), @f. I]. 4�. I[Q 
((I\GEdU4, .IW[ We4), @f. #4[U 9iX[G ('^I #F[G, K]I].W;]) CD[ @f. %O. I]. \W"X (#F[G, '..9.@]) Wd #[o 
#hÙW[XG .T" M[6Á\GE¼UG 4� \Q. (G4� #\C FÝNT[E #4> 4OC] î!| &W $ÜNNG M» IOíIO WXNh6 .T" WCC 
#N[WD 4� \Q. M¾ XeEO[K[E \íDC O[ Ä̀]N '[M]B \T4[W W"íD[G 4� W]6[@Á 412 4� TeÉ[\G4 .T" #h;dÊ> 4Mú CD[ 
$XME[K[E \íDC L[OC]N #K"F W"íD[G 4� #hJ�íWO .T" #h;dÊ> 4Mú 4ü %L[O] î!|  
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W"ÈdIW"ÈdIW"ÈdIW"ÈdI:::: &W IT M» L_LdE] O@[O 4� $\L4çI .T" (W4� \T4[W 4ü #\CN[ 4[ TBÁG å4N[ 6N[ Xe| L_LdE] O@[O 4� \T\TF 
TÉ[\G4 .T" êN[I[åO4 (INh6 3O L_LdE] O@[O 4� $">[4·å>4 MX[O]I M» å4. 6. IO]ÈB .T" (G4� IåOB[MD 4� K[Od 
M» L] 99[Á 4ü 6' Xe|  
 

I.I.I.I.IåO9NIåO9NIåO9NIåO9N    

L_LdE] O@[O .4 MXÙTI_BÁ N"T Xe \;WWd Odå@Nh %T\CÁ 
IO[TCÁG M» $íCC[4[ $\LQd5G 4O4� WCX 4� 
G]9d 4� QÈBD 4� K[Od M» IC[ Q6[N[ ;[C[ Xe| L_LdE] 
O@[O .4 K�C $\F4 \TLdEG T[Q] \TâC-9̂ãK4üN 
#\C\KãKG C4G]4 4[ (INh6 4OC[ Xe ;h å4 
\TâC-9̂ãK4üN CO"6D 4� #4üBÁ 4� \GNM IO 4[NÁ 
4OC[ Xe 3O WCX 4� G]9d EKd �. IE[D® 4[ IC[ 
Q6[C[ Xe| &W C4G]4 4h \TíC̀C 4O4� 
.T"IE[D®4� TeâC 6̂BD 4[ \Gì4VÁB 4O4� WCX 4� 
G]9d 4� IE[D® 4ü W"O9G[ 4h WM<Gd 4� \Q. 
&íCdM[Q å4N[ ;[ W4C[ Xe| NX M̂ËNC ÌÚT] .T" 
'XD 4� (I WCX 4� #hJ[&Q 4ü ;["9 4� \Q. 
&íCdM[Q å4N[ ;[C[ Xe T 4M X[\G T[Qd 
@['&Qd\Ê>Ä4\íD\CND M» WKWd $Ï:d Wd 4[M 4OC[ 
Xe|  
L_LdE] O@[O 4h K�C W[O] TeÉ[\G4 .T" êN[I[åO4 
(INh6D 4� \Q. &íCdM[Q å4N[ ;[ W4C[ Xe, \;WM» 
\GãG (INh6 W\ãM\QC Xe –$">[4·å>4 MX[O]I M» 
KJ· 4ü WCX 4ü 6XO[' M[IGd 4� \Q. ;h å4 �^T]N 
T[C[TOB M» Xh OXd IåOTCÁG .T" \T4[W 4h WM<Gd M» 
MEE 4OC[ Xe, UXO] \T4[W Nh;G[ 4� \Q. (INh6 
M» Q[N[ ;[C[ Xe, KhOXhQ \GO]ÈB, \K\ç@"6 4ü 
\íD\C 4[ \GF[ÁOB, L_åM 4� G]9d EK] �' M[&"W 4� 
W"W_9G 4� \Q., 4�KQ .T" M[&"W 4[ IC[ Q6[Gd 4� 
\Q., W^O"6 Q['\G"6 4� \Q., E]T[O 4ü \íC\D IC[ 
Q6[Gd 4� \Q., JhOd\ÝW4 \TÉ[G" M» .T" ÎO[CÙT 
\TÉ[G" M» (INh6, &ÙN[åE| &G4� $Q[T[ L_LdE] O@[O 
4[ (INh6 $"CO'X] $\LN[GD M» L] å4N[ ;[C[ Xe|  

II.II.II.II.#9[QG 4[ \GNM#9[QG 4[ \GNM#9[QG 4[ \GNM#9[QG 4[ \GNM 
L_LdE] O@[O 4h #9[QG 4� \GNM $G^W[O M̂ËNC Eh 
ÅdB]Nh M» T6ú4_C å4N[ ;[C[ Xe \;WM» #DM Xe 
%T\CÁ ÈdT L_LdE] O@[O .T" \OC]N Xe WMN N[ >[&M 
ÈdT L_LdE] O@[O%T\CÁ ÈdT L_LdE] O@[O 4h IçW Mh@ 

L_LdE] O@[O L] 4X[ ;[C[ Xe .T" >[&M ÈdT L_LdE] O@[O 
4h í>dI %T\CÁ N[ W] @áQ_ L_LdE] O@[O L] 4X[ 
;[C[ Xe| IçW Mh@ L_LdE] O@[O .4 K�C W"4üBÁ 
\TâC-9̂ãK4üN );[Á IçW\;WM» CpO]KG 10 
å4Qh T[> U]VÁ ÈMC[ XhC] Xe, 4[ &íCdM[Q 4OC[ Xe| 
NX );[Á @['&Qd\Ê>Ä4$W[CÙN 4ü T;X Wd 
IO[T\CÁC Xh4O O@[O O[O[ #[o 4ü ;[C] Xe \;WWd 
WCX 4� G]9d EKd �. IE[D® 4[ #hJ[&Q KG[N[ ;[ 
W4C[ Xe| í>dI %T\CÁL_LdE] O@[O 4� 4�W M» #dÈB 
%T\CÁ 4h Q6[C[O Ku[N[ ;[C[ Xe ;K C4 %T\CÁ 
$\F4CM %T\CÁ 4� KO[KO G[ Xh .T" (W4� K[E 
åJO Wd %T\CÁ 4[ í4�G U^e Xh ;[C[ Xe| í>dI 
%T\CÁL_LdE] O@[O M» .4 %T\CÁ í4�G 4h .4 9C 
L] 4XCd X¾ ;h å4 IçW Mh@ L_LdE] O@[O Wd $\F4 
WMN QdC[ Xe .T" #[N í>dI %T\CÁL_LdE] O@[O, IçW 
Mh@ L_LdE] O@[O Wd ĈQG[ÙM4 F]M[ XhC[ Xe|  

L_LdE] O@[O 4[ #9[QG M̂ËNC3 MXCTI_BÁ $"Uh Wd 
#L[\TC XhC[ Xe| &WM» #DM Xe L_LdE] O@[O 4� \GNM 
4ü %T\CÁ, \OC]N Xe M[ÜNM 4[@['&Qd\Ê>Ä4 $9Q, 

.T" C̀C]N Xe M[ÜNM 4ü 9[Q4C[| W] @áQ_ L_LdE] 
O@[O 4ü %T\CÁ .T" K"@ \TíC[O &W4� TdFG 6XO[' 
.T" \TLdEG 4ü ÈMC[ IO $WO 4OC[ Xe| $6O 
%T\CÁ 4M Xe Ch L_LdE] O@[O ÑN[E[ 6XO[' C4 
LdEG4O W4C[ Xe .T" $6O K"@ \TíC[O $\F4 Xe Ch 
L_LdE] O@[O 4ü \TLdEG ÈMC[ $Ï:] XhC] Xe| M[ÜNM 
4[ @['&Qd\Ê>Ä4 6̂B \TâC-9̂ãK4üN CO"6D 4ü ÷BG 
#\CN[ 4h #L[\TC 4OC[ Xe ;Kå4 M[ÜNM 4ü 
9[Q4C[ \TâC-9̂ãK4üN CO"6D 4ü 6\C 4h #L[\TC 
4OC[ Xe|  

    

एंटे

ना 

रकेोड8र 

आवित8जनन 

अिभfाहE 

4ड�जटल 

Qोससेर 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T \9T \9T \9T 1111: : : : W] @áQ_ L_LdE] O@[O 4[ 5"@ \9TW] @áQ_ L_LdE] O@[O 4[ 5"@ \9TW] @áQ_ L_LdE] O@[O 4[ 5"@ \9TW] @áQ_ L_LdE] O@[O 4[ 5"@ \9T    

L_LdE] O@[O M̂ËNC3 MXCTI_BÁ $TNT Wd KGC[ Xe| 
&WM» .">dG[, Odå@Nh %T\CÁ #dÈB-$\L'[X], .T" 
å@\;>Q #hWdWO W\ãM\QC Xe| W] @áQ_ L_LdE] O@[O 
4[ WOQ 5"@ \9T G]9d EU[ÁN[ 6N[ Xe|     

III.III.III.III.å@\;>Q#hWd\W"6 &4['å@\;>Q#hWd\W"6 &4['å@\;>Q#hWd\W"6 &4['å@\;>Q#hWd\W"6 &4[' 
å@\;>Q #hWd\W"6 &4[' .4 å@\;>Q (IC"T Xe ;h 
L_LdE] O@[O O[O[ $\;ÁC @[>[ IO @[>[ $;ÁG, @[>[ 
#hWd\W"6 .T" @[>[ W"9NG 4[ 4[NÁ 4OC[ Xe| 
å@\;>Q #hWd\W"6 &4[' 4� M̂ËN \T\GE¼U G]9d E] 
6' W[OB] M» Xe|  

W[OB] W[OB] W[OB] W[OB] 1111: : : : å@\;å@\;å@\;å@\;>Q #hWd\W"6 &4[' 4� MË̂N \T\GE¼U>Q #hWd\W"6 &4[' 4� MË̂N \T\GE¼U>Q #hWd\W"6 &4[' 4� MË̂N \T\GE¼U>Q #hWd\W"6 &4[' 4� MË̂N \T\GE¼U    

å@\;>Q #hWd\W"6 &4[' .4 Q7̂ &4[' Xe \;WM» 
;['\Q"ÊW 4[ íI[>ÁG .JI];]. 4[ (INh6 å4N[ Xe| 
&W .JI];]. 4[ WKWd Kt[ J[NE[ NX Xe å4 &W4ü 
¥U 4h\ÝJ6̂OdUG #hM &W4� $"EO X] Xe \;WWd 
å@\;>Q #hWd\W"6 &4[' 4h Q7̂ 4OGd M» MEE 
åMQC] Xe| &WM» Eh \WÌM[-@dç>[ C4G]4 T[Qd 24 
\K> 4� (g \TLdEG .@]W] L] Xe ;h å4 %' .T" ÊN_ 
9eGQ @d>[ 4[ $"4ü4OB 4OCd X¾| L_LdE] O@[O 4X[! 
IO #\C\KãKG4O OX[ Xe &W4ü ;[G4[O] 4� \Q. 
å@\;>Q #hWd\W"6 &4[' M» .4 ;]I].W \9I 4[ 
(INh6 å4N[ Xe ;h å4 ;]I].W \íD\C 4h M̂ËN @>[ 
4� W[D X] åO4f@ÁO M» Ed EdC[ Xe| å@\;>Q #hWd\W"6 
&4[' .4 12 Thç> 4ü \Q\DNM-%NG Kd>O] Wd 
9[\QC XhC[ Xe .T" &W4� \T\LGj IåOID 4� WX] A"6 
Wd 4[NÁ 4OGd 4� \Q. 5^E X] .Q@]2 4ü MEE Wd 
K[4ü W[O] %C"åO4 Thç>C[ 4ü I_\CÁ 4OC[ Xe| 
\T4\WC å@\;>Q #hWd\W"6 &4[' 4h\G9d %Od5 M» 
EU[ÁN[ 6N[ Xe|  

IIIIVVVV....L_LdE] O@[O&4['L_LdE] O@[O&4['L_LdE] O@[O&4['L_LdE] O@[O&4['    íTEdU]eI Wd \T4\WCL_LdE] 
O@[O .4 W] @áQ_ L_LdE] O@[O Xe \;WM» %T\CÁ 4h 
250MHz Wd 750MHz C4 5MHz.T" 1ms4� 
WhI[G M» 4WQ 101msC4 Ku[N[ 6N[ Xe| åOW]TO 
IO[T\CÁC \W�Q 4h .">dG[ 4ü MEE Wd #[o 4O4� .T" 
(W4h $\L\GMGIåOT\CÁC 4O4� å@\;>Q #hWd\W"6 
&4['4h $\Ý44OC 4OGd 4� \Q. EdC[ Xe|  

 

\9T \9T \9T \9T 2222::::å@\;>Q #hWd\W"6 &4['å@\;>Q #hWd\W"6 &4['å@\;>Q #hWd\W"6 &4['å@\;>Q #hWd\W"6 &4['    

 $\Ý44OC 4OGd 4�, å@\;>Q #hWd\W"6 &4[' 4� 
.@]W] 16MHz 4ü %T\CÁ IO 4[NÁ 4OCd �. 
62.5ksps4ü 6\C Wd #\C9NG4OC[ Xe| XO .4 
%T\CÁ T[Qd \W�Q 4h 3WC 4O4� 3WCG M[G 
4h K[� ?hW $TíD[ $\LQd5] (.W.W%O) M» %6d 
#CMB 4� \Q. W"\9C å4N[ ;[C[ Xe| íTEdU]eI Wd 
\T4\WC L_LdE] O@[O 4h G]9d %Od5 M» EU[ÁN[ 6N[ 
Xe|  

 

\9T \9T \9T \9T 3333: : : : íTEdU]eI Wd \T4\WCL_LdE] O@[OíTEdU]eI Wd \T4\WCL_LdE] O@[OíTEdU]eI Wd \T4\WCL_LdE] O@[OíTEdU]eI Wd \T4\WCL_LdE] O@[O    

L_LdE] O@[O 4h K['-í>då>4 Kh->[' .">dG[ Wd W"eIB 
å4N[ Xe \;W4[ å4OBÎ"; \TíC[O K�C $\F4Xe .T" 
WL] &QdÊ>Äf\G4 &4[&ND 4h .4 412]N &QdÊ>Äf\G4 
Ie4�; M» W"4W\QC å4N[ 6N[ Xe| WM' L_LdE] O@[O 4ü 
W"O9G[ &W4� $">[4·å>4 MX[O]I M» KJ· 4ü WCX 
IO #9[QG 4� $G^4�Q 4ü 6' Xe| &W4� L[O 4h 4M 
4OGd 4� \Q. &W4ü W"O9G[ I]T]W] JhM IE[DÁ Wd 
4ü 6' Xe .T" $">[4·å>4 MX[O]I M» KJ· 4ü WCX IO 

O[\U4OB 16 \K> N^6Q (I, Q) 

#\C9NG EO 62.5Ksps 

.@]W]\GTdU 
6\C4-IO[W 

5 Thç> (~100dB) 

W"W[F4 \G6ÁM  3WC (I, Q) 

\íD\C ;]I].W 

Ie4�; %M[G 130 x 130 mm2 

Ie4�;U\F5IC 1.45W @ 12V 

Ie4�;L[O 400 '[M 
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WM-WIÁB 4� \Q. &W4� KdW IO Eh íQd;h 4h åJ> 
å4N[ 6N[ Xe \;WWd TX[" IO]ÈB 4OGd M» K�C 
WX[NC[ åMQ]|  

 
\9T \9T \9T \9T 4444: : : : WM2̂WM2̂WM2̂WM2̂    4ü WCX IO KJ· 4[ M[I4ü WCX IO KJ· 4[ M[I4ü WCX IO KJ· 4[ M[I4ü WCX IO KJ· 4[ M[I 

VVVV....L_LdE] O@[O4[$">[4·å>4[ M» IO]ÈB L_LdE] O@[O4[$">[4·å>4[ M» IO]ÈB L_LdE] O@[O4[$">[4·å>4[ M» IO]ÈB L_LdE] O@[O4[$">[4·å>4[ M» IO]ÈB     
$"CåOÈ (INh6 412 \I:Qd 4[Jü W[Qh Wd �^T]N 
KJ· \9"CG M» U[åMQ Xe .T" $">[4·å>4[ M» WM̂2 4ü 
WCX IO KJ· 4ü 6XO[' 4ü ;[G4[O] (IQáF 4O[ 
OX[ Xe| NX $G^W"F[G 4OGd 4� \Q. \T\TF #4[O 4� 
(I4OBD 4ü %TëN4C[ XhC] Xe \;WM» L_LdE] O@[O 
.4 MXÙTI_BÁ (I4OB Xe| íTEdU]eI Wd 
\T4\WCL_LdE] O@[O 4� \T\GE¼U &WWd I_BÁeI Wd 
W^MdQ 4OCd X¾ .T" &W]\Q. &W L_LdE] O@[O 4h 
$">[4·å>4[ M» L[OC]N $ĜW"F[G 4�Ý2D (L[OC] .T" 
MeT]) 4� I[W KJ· 4ü 6XO[' M[IGd 4� \Q. (INh6 
å4N[ 6N[| G]9d %Od5h M» $">[4·å>4[ M» L_LdE] O@[O 
4ü MEE Wd KJ· 4ü 6XO[' 4[ M[I 4OCd �. åE5[N[ 
6N[ Xe|  
 

 

\9T \9T \9T \9T 5555: : : : MX[O]I IO KJ· 4[ M[I MX[O]I IO KJ· 4[ M[I MX[O]I IO KJ· 4[ M[I MX[O]I IO KJ· 4[ M[I     
 

$">[4·å>4[ M» å4. 6. M[Ih M» WM̂2 4ü WCX IO 
KJ· (W] %'W .T" %'W Udçv4ü 6XO[') 4ü 6XO[' 
.T" MX[O]IIO KJ· (%'WU]>) 4ü 6XO[' U[åMQ 
Xe| &G M[Ih 4[ (INh6 $">[4·å>4[ M» 4hÝThN M[6Á 
4h \9X\GC 4OGd 4� \Q. (EO[Oh (C�T[W)4[ IC[ 

Q6[4O), (I'X 4� @[>[ #h@Ê> JQG\T\F 4ü Î\` 
4OGd 4� \Q., K�-TVúN KJ· 4h WM<Gd 4� \Q. .T" 
$ÝN K�C W[Od (INh6D 4� \Q. å4N[ ;[C[ Xe|  

 
\9T 6: íGh I[4· M» L_LdE] O@[O 4[ IO]ÈBíGh I[4· M» L_LdE] O@[O 4[ IO]ÈBíGh I[4· M» L_LdE] O@[O 4[ IO]ÈBíGh I[4· M» L_LdE] O@[O 4[ IO]ÈB 

$">[4·å>4[ M»KJ· 4ü 6XO[' 4[ M[I 4OGd Wd IXQd 
L_LdE] O@[O 4� #9[QG 4ü Î\` 4� \Q. K�C W[Od 
IO]ÈB å4. 6. X¾| &WM» WKWd IXQd #Nh6U[Q[ M» 
&W4[ IO]ÈB /Wd Q÷Nh 4� W[D å4N[ 6N[ \;W4ü 
;[G4[O] IXQd Wd #[o D] .T" &WWd L_LdE] O@[O 4� 
\GìI[EG 4[ IC[ Q6[N[ ;[ W4�| &W4� K[E 
$XME[K[E M» .4 íGh I[4· M» &W4[ IO]ÈB å4N[ 
6N[ ;X[! IO KJ· 4ü 6XO[' M[IGd 4ü ÈMC[ .T" 
(W4� WX] #hJ[&Q 4ü Î\` 4ü 6'| L_LdE] O@[O 4[ 
\GOIdÈ $"U["4G L] NXù IO å4N[ 6N[| íGh I[4· M» 
&W4[ IO]ÈB\G9d %Od5 M» EU[ÁN[ 6N[ Xe|  

    \9T \9T \9T \9T 7777: : : : êN[I[åO4 L_LdE] O@[O 4� IåOB[MêN[I[åO4 L_LdE] O@[O 4� IåOB[MêN[I[åO4 L_LdE] O@[O 4� IåOB[MêN[I[åO4 L_LdE] O@[O 4� IåOB[M    

 
\9T \9T \9T \9T 8888: : : : íTEdU]eI L_LdE] O@[O 4� IåOB[MíTEdU]eI L_LdE] O@[O 4� IåOB[MíTEdU]eI L_LdE] O@[O 4� IåOB[MíTEdU]eI L_LdE] O@[O 4� IåOB[M    

\GOIdÈ $"U["4G I_BÁ 4OGd 4� Ië9[Cj L_LdE] O@[O 4[ 
ChW $"U["4G L] .4 E_WOd êN[I[åO4 L_LdE] O@[O 4� 
W[D \L> \L> íD[GD IO (\;WM» íGh I[4· L] 
W\ãM\QC Xe) å4N[ 6N[ .T" íTEdU]eIL_LdE] O@[O 4� 
IåOB[M êN[I[åO4 L_LdE] O@[O Wd I_BÁ eI Wd WM[G 
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Xe| G]:d %Od5h M» EhGD L_LdE] O@[O 4� $''åMC 
:[N[\9T EU[ÁN[ 6N[ Xe|  

 

\9T \9T \9T \9T 9999: : : : L[OC] 412 4� I[W %'W U]> IO L[OC] 412 4� I[W %'W U]> IO L[OC] 412 4� I[W %'W U]> IO L[OC] 412 4� I[W %'W U]> IO IO]ÈBIO]ÈBIO]ÈBIO]ÈB    IåOB[MIåOB[MIåOB[MIåOB[M    

    \9T \9T \9T \9T 10101010: : : : MeT] 412 4� I[W %'W U]> IO MeT] 412 4� I[W %'W U]> IO MeT] 412 4� I[W %'W U]> IO MeT] 412 4� I[W %'W U]> IO IO]ÈBIO]ÈBIO]ÈBIO]ÈB    IåOB[MIåOB[MIåOB[MIåOB[M    

$">[4·å>4 MX[O]I IO KJ· 4ü 6XO[' M[IGd 4� \Q. 
\GåMÁC L_LdE] O@[O 4[ \T4[W .T" &W4[ \GìI[EG 
&W4� IåOB[MD Wd .4EM WX] W[\KC Xh OX[ Xe| 
�^T]N KJ· 4� $G^W"F[G .T" \9"CG 4h ;[O] O5Gd 
å4. \Q. L_LdE] O@[O O[O[ L\TìN M» L] UhF ;[O] 
OXd6] .T" &WWd #[o IåOB[MD Wd (ßIO KC[Nd 6. ÈdTD 
M» 4[Jü MXCTI_BÁ (>\C 4ü ;[ W4C] Xe| &W4� 

$Q[T[ L_LdE] O@[O 4h K�C W[Od êN[I[åO4 (INh6 
M» L] &íCdM[Q å4N[ ;[ W4C[ Xe|  

VIVIVIVI....IåOB[MIåOB[MIåOB[MIåOB[M    

$">[4·å>4[ M» L[OC]N $ĜW"F[G 4�Ý2D 4� %WI[W 
Wd L_LdE] O@[OO[O[ å4. 6. IO]ÈB Wd K�C $\F4 
@d>[ #[o å4N[ 6N[ Xe .T" &W @d>[ 4� #[O"\L4 
W"U[FG 4� IåOB[M K�C X] #hÙW[XG- ;G4 Xe| 
G]9d %Od5h M» L_LdE] O@[O 4� 4W: W"U[\FC IåOB[M 
EU[ÁNd 6. X¾|  

VIIVIIVIIVII....%L[O%L[O%L[O%L[O    

Qd54 &W 412 4� \GEdU4 Å] CIG åMWO[ .T" (I-
\GEdU4 Å] \GQdU EdW[' 4� $ÙN"C %L[O] Xe 
\;ÝXDGd &W4[NÁ 4� \Q. \GO"CO (ÙW[XG .T" åEU[-
\GE¼U #E[G å4N[ \;W4� JQ íT�I L_LdE] O@[O 
4[ WJQ \T4[W �%| XM Å]MC] íT[\C U^}[, Å] 
E]I4 ÎTdT̂ .T" Å] %G"E I>dQ 4[ M̂ËN eI Wd 
%L[O #4> 4OCd X¾ ;h L_LdE] O@[O \TíC[O >]M 4� 
WEíN Xe .T" \;ÝXDGd L_LdE] O@[O 4� \T9[O Wd Qd4O 
XO .4 IE IO MXCTI_BÁ L_åM4[ \GL[' Xe| 
$">[4·å>4[ M» L_LdE] O@[O 4h WX] CO]4� Wd &íCdM[Q 
4OGd 4� \Q. .T" $">[4·å>4[ 4ü ;[G4[O] 4� \Q. 
XM Å] W"E]I 2<[, Å] O[M O;4 .T" Å] ;N[ #W[E 
4� L] %L[O] Xe| XM Å] FTQ ?¦O .T" We4 L"@[O 
\TL[6 4� \Q. L] $IG[ %L[O êNF 4OCd X¾ 
\;ÝXDGd L_LdE] O@[O 4h $">[4·å>4[ C4 I�9[Gd M» 
WXNh6 åEN[| $"C M» XM Å] K].%O. O[;I_C, TåO� 
åX"E] $\F4[O] CD[ åX"E] 4È 4� WL] WX4åMÁND 4� 
#\C %L[O #4> 4OCd X¾| 
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W[M[\;4 .T"W[M[\;4 .T"W[M[\;4 .T"W[M[\;4 .T"    (ILhF[ $G#̂Nh6 (ILhF[ $G#̂Nh6 (ILhF[ $G#̂Nh6 (ILhF[ $G#̂Nh6     

(I'X Wd W"EdU 4� $\L'XB 4� \Q. W](I'X Wd W"EdU 4� $\L'XB 4� \Q. W](I'X Wd W"EdU 4� $\L'XB 4� \Q. W](I'X Wd W"EdU 4� $\L'XB 4� \Q. W]....@]@]@]@].....M.M.M.M............    ((((CDMACDMACDMACDMA) ) ) ) $\L'[X]$\L'[X]$\L'[X]$\L'[X]    ((((RRRReceivereceivereceivereceiver))))    

7GëN[M EhU] ($\LNÝC[ – .W..J.), 4çIdU KhOWåEN[ ($\LNÝC[ – .W.@].) 
SNTD/DCTG/SNAA 

1111.... IåO9NIåO9NIåO9NIåO9N        

L[OC]N ÈdT]N GiW"9[QG (I'X #B[Q] (IRNSS) 4� (I'XD 4[ \TíC[O ÈdT L[OC]N M̂ËN L_åM .T" %WI[W 
Q6L6 1500 å4.M]. C4 Xe| &G (I'XD 4ü $\L4çIG[ M̂ËN eI Wd ÈdT]N GiW"9[QG WdT[2" 4� \Q. 4ü 6' Xe| 
&W4� (IO["C ;].I]..W. $\L'[X] (GPS Receiver)    4� \Q. (I'X %F[åOC W"TFÁG WdT[ #E[G 4OGd 4� \Q. 
L[OC]N ÈdT M» GAGAN #B[Q] (IQáF Xe| GAGAN G]CL[O GSAT8 3O GSAT10 (I'XD M» $"CåOÈ M» X¾ 
3O C]WOd GAGAN G]CL[O 4ü Nh;G[ GSAT15 (I'X M» KG[' 6' Xe| GAGAN 3O IRNSS EhGD 4ü u�M 
W"O9G[ GiW"9[QG WdT[2" 4� (IO["C \T\L> $G^#Nh6D 4� \Q. (IN̂F Xe| &G4[ (INh6 #[DåM4 WdT[ 4� $Q[T[, 
$\CåOF Q7̂ W"9[O W"EdUD 4� #W[OB 4� \Q. L] å4N[ ;[ W4C[ Xe| (G4h K[u, L_4�I, W^G[M], 9CT[C, L_í5QG 
&ÙN[åE #[4_\C4 %IE[N» .T" MiWM I_T[ÁG^M[G Wd W"K"\FC 9dC[TG], W"EdU 3O \GE¼UD 4� \Q. &íCdM[Q å4N[ ;[ 
W4C[ Xe| NX #B[Q] E_OW"9[O K̂\GN[E] W^\TF[2" 4� $L[T T[Qd ÈdTD M» 4[Jü (INh6] Xh W4C[ Xe| NX Kt] 
Ê7Á>G[ N[ %IE[ 4ü \íD\C M» WO4[O N[ íD[G]N $\F4[åOND O[O[ I_TÁ 9dC[TG] 3O W"EdUD 4h Qh6D 4h Ld;Gd 
4� \Q. KdXE (INh6] Xh W4C[ Xe|  

IRNSS M» #[Ed\U4 GiW"9[QG WdT[." #E[G 4OGd 4� \Q. 7 (I'XD 4ü Nh;G[ KG[' 6' Xe| &G M» Wd C]G (I'XD 
4h L_\íDO 3O 9[O (I'XD 4h L_ĈçN4[Q] 4È[ M» #íD[\IC å4N[ ;[.6[| Nd (I'X 300 \KÔW 4h 4 (Iu�M M» 
Ie4 å4N[ �% GiW"9[QG @d>[ 25 \K> #\C Wd4�@ IO #d\VC 4OCd X¾| &WM» (Iu�M 1 3O 2 M» I"9["6 (ephemeris) 
3O 7t] W"U^;] (clock correction) 3O $ÝN #[DåM4 GiW"9[QG @d>[ #W[åOC å4N[ ;[C[ Xe| (Iu�M 3 3O 4 

M̂ËN eI Wd %NGM"@Q, >[&M 0JWe> &ÙN[åE 4� W"K"\FC #[9Q 3O I[? W"EdUD (text messages) 4h .4 
I_TÁ\GF[ÁåOC W"EdU IX9[G CM["4 (Message ID) 4� W[D #W[åOC å4N[ ;[C[ Xe| &G W"EdUD M» I[? W"EdUD 4h W"EdU 
IX9[G CM["4 18 4� W[D #W[åOC 4OGd 4[ #[TF[G Xe| &G I[? W"EdUh 4[ WMN $"CO[Q 3O $G^CM 4[ 
\TÝN[W å4N[ ;[ W4C[ Xe| Nd I[? W"EdU IRNSS \TíC[O ÈdT M» WQ[X .T" \GE¼U W"EdU #W[åOC 4OGd 4� \Q. 
&íCdM[Q å4. ;[ U4Cd X¾| IRNSS 3O GAGAN (I'X W].@]..M... (CDMA) W"9OB 4[ (INh6 4O OXd X¾| 
#ÙNd4 IRNSS (I'X M» $Q6 PRN 4h@ Xe, &W\Q. K�W"4�CG N[ ÈdT 4[ 9NG W"LT Xe| XM \T\L> WdT[2" N[ 
\T\L> ÈdT 4� \Q. $Q6 (I'X \GNC4O W4Cd X¾|  

L[OC 4� I[W ;].I]..W. GiW"9[QG WdT[ 4h (I'X %F[åOC W"TFÁG WdT[ #E[G 4OGd 4� \Q. GAGAN G]CL[O 4� 
W[D Eh (I'X Xe| GAGAN M», 250 \K> #\C Wd4�@ IO @d>[ #W[åOC XhC[ Xe| GAGAN M» 4' W"EdU #4[O (IQáF 
X¾| &G W"EdUD M» L[OC LO M» \T\L> \'@ $"4 4� \Q. %NGM"@Q, >[&M 3O I"9["6 W"U^\; Wd W"K"F]C #[9Q 
#W[åOC XhCd X¾| &GMd, 4W: W"EdU #4[O $IåOL[\VC N[ %O\ÈC X¾| (GM» Wd 4h' L] WÝEdU #4[O &W (ªdëN 4� 
\Q. &íCdM[Q å4N[ ;[ W4C[ Xe| GAGAN #dU[G^4[O 4[ W"9OB L1 3O L5 EhGD %T̀\ÇND IO Xe| TCÁM[G M» NX 
M̂ËN eI Wd L1 IO #Nh6 å4N[ ;[C[ Xe &W\Q. L5 %T̀\Ç 4� W"9OB 4h I[? W"EdU #d\VC 4OGd 4� \Q. &íCdM[Q 
å4N[ ;[ W4C[ Xe|  

&W #4[O 4� W"EdUD 4� $\L'XB 4� \Q. XM» .4Q 9eGQ W].@]..M... $\L'[X] 4ü ;eOC Xe ;h L5 %T̀\Ç IO 
W].@]..M... W"4�C (signal) 4[ $\L'XB 4O4� W"EdUD 4h \Gì4VÁ 4O»| $\L'[X] W"XC (compact) XhG[ 9[åX. 3O 
N_..W.K]. (USB) ;eWd M[G4 $"CO[Ì� (interface) IO 4[M 4OG[ 9[åX.| &W $\L'[X] 4ü \TíC`C $\L4çIG[ 
3O (W4� \T4[W .T" $G^#Nh6 4� K[Od M» &W IT M» 99[Á 4ü 6' Xe|  

2222.... %å4·>dÊ9O%å4·>dÊ9O%å4·>dÊ9O%å4·>dÊ9O        

;eWd %4_\C -1 M» åE5[N[ 6N[ Xe, .4 :h>[ Ie9 /">dG[ RF $'["C W"W[\FT (RF Front End Processor-RFFE) 

Wd ;^t[ Xe| RF $'["C W"W[\FT L1 3O L5 EhGD %T̀\ÇND M» 4[M 4OGd 4� \Q. #h'[M å4N[ ;[ W4C[ Xe| RF 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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$'["C W"W[\FT L5 K¾@ 4� \Q. #h'[M å4N[ 6N[ Xe| RF $'["C W"W[\FT L5 %T̀\Ç IO #W[åOC å4. 6. W"4�C 
(signal) 4[ \GãG %T̀\Ç (IF) IO eI["COB 4OC[ Xe| NX W"4�C ADC O[O[ å@\;>Q W"4�C M» eI["CåOC å4N[ 
;[C[ Xe| ADC 4� %(>Î> WdãIQ å@\;>Q Kd;K¾@ #hWdWO (DBBP) $G^L[6 4h I[åOC å4. ;[Cd X¾ \;WM» %6d 4ü 
\W�Q #hWd\W"6 XhC] Xe| &WM» W"4�C 4� $;ÁG 3O $G^TCÁG 4OGd 4� \Q. WîW"K"F4 #CMB 3O @d>[ 4h å@í¤d 
#hWdWO M» Ld;Gd 4� \Q. USB Wd UART 4ÝT>ÁO X¾|  

 

%4_\C %4_\C %4_\C %4_\C ----1 1 1 1 : : : : $\L'[X] 4[ %å4·>dÊ9O$\L'[X] 4[ %å4·>dÊ9O$\L'[X] 4[ %å4·>dÊ9O$\L'[X] 4[ %å4·>dÊ9O    

$\L'[X] 42 dBHz C/No C4 4� W"4�C 4[ $;ÁG 3O 39 dBHz C/No C4 $G^TCÁG4O W4C[ Xe| &W 
%å4·>dÊ9O M» Actel FGPA 4[ (INh6 å4N[ 6N[ Xe ÊNDå4 &WM» \K;Q] 4ü Q[6C 4M Xe| &W $\L'[X] M» 
å4W] L] (I'X Wd W"4�C $\L'XB 4� \Q. (W4[ PRN 4h@ FPGA M» We> å4N[ ;[ W4C[ Xe| &W %å4·>dÊ9O 
4[ Q[L NX Xe å4 å@í¤d #hWdWO IO K�C 4M #hWd\W"6 L[O XhC[ Xe| åOW]TO 4ü M[I 60 åM.M]. x 42 åM.M]. Xe| 
RFFE 3O DBBP 4ü \K;Q] 4ü 5IC 4M XhG[ 9[åX. ÊNDå4 Td K[XO] (I4OB Wd (G4ü U\F #[o 4OCd X¾|  

3333. . . . $\L'[X] X[@ÁTdNO$\L'[X] X[@ÁTdNO$\L'[X] X[@ÁTdNO$\L'[X] X[@ÁTdNO        

  

%4_\C %4_\C %4_\C %4_\C ----    2 2 2 2 : : : : $\L'[X] X[@ÁTdO 4ü I]$\L'[X] X[@ÁTdO 4ü I]$\L'[X] X[@ÁTdO 4ü I]$\L'[X] X[@ÁTdO 4ü I]....W]W]W]W]....K]K]K]K]. . . .     

$\L'[X] 4� #M̂5 7>4 \GãG\Q\5C X¾|  

7>4 L[6 

 N_..W.K]. &">Ov�W  CP2102  

 %O..J. $G^L[6  RS9021  

 Thç>d; \GN[M4  TPS70358  

FPGA  Actel AGL1000  

N_..W.K]. 4GdÊ>O  åMG] N_..W.K].  

%O..J. &ÝÎ> MMCX 4GdÊ>O 

 JTAG  10 \IG Xe@O  

Eh\QT .W..M.@]. Eh\QT  

/Ý>dG[ (antenna) Ie9 .Ý>dG[ 

\K;Q] 4ü 5IC  <500 åM\Q Th>  

M[I (Size) 60 åM.M]. x 42 åM.M]. 

&W Kh@Á 4h 4�ßN_>O/ QeI>fI/ íM[>Á å@T[&W Wd N_..W.K]. 4GdÊUG O[O[ \K;Q] #[o XhC] Xe| .4 M[G4 N_..W.K]. 
5V 3O 500 mA C4 \TâC #T[X Ed W4C[ Xe| NX $\L4çIG[ 100mA Wd 4M \TâC #T[X QdC[ Xe| /">dG[ 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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4GdÊ> 4OGd 4� \Q. I].W].K]. IO 4GdÊ>O #E[G å4N[ 6N[ Xe| %(>@hO $G^#Nh6 M» /">dG[ W]Fd I].W].K]. IO Ke?[ 
W4Cd X¾ 3O &G@hO $G^#Nh6D M» /">dG[ 4h 5^�d %4[U M» O5Gd 4� \Q. Q"K[ 4�KQ Q6[N[ ;[ W4C[ Xe|  

%O%O%O%O.....J.J.J.J. . . . $GL̂[6$GL̂[6$GL̂[6$GL̂[6::::        
L5 4� Ie9 /">dG[ 4[ $G^M[\GC M[I 10 åM.M]. x 10 åM.M]. 
Xe| %O..J. $G^L[6 M» RF ASIC RS 9021 Xe \;W4[ M[I 
5 åM.M]. x 5 åM.M]. Xe| RF ASIC RS 9021 \W"6Q \9I 
GNSS $\L'[X] RFIC Xe| NX \9I L5 3O L1 %T̀\ÇND 
IO #W[åOC W"4�CD 4� $\L'XB 4� \Q. &íCdM[Q å4N[ ;[ 
W4C[ Xe| &W \9I 4� W[D Thç>d; \GN[M4, TCXO 3O 
4W: RLC \G\ìCN 7>4 ;eWd K[� 7>4D 4ü %TëN4C[ 
Xe| AGC 3O ADC \9I M» X] WM[\T` Xe| NX \9I 1.8 V 
\TâC #E[N IO 4[M 4OC] Xe 3O \K;Q] 4ü Q[6C 80 

mW Xe| &W \9I 4[ OT M[G 2.7 dB 3O #\C\KãK %T̀\Ç 
$íT]4_\C 26 dB Xe| &W \9I 4ü IF Å̀"5Q[ M» VGA, IF 
\vç>O 3O 2 bit / 4 bit ADC WM[\T` Xe| VCO 3O PLL 

L] \9I 4� $"EO WM[\T` Xe| RS9021 4[ 4WQ Thç>d; Q[L 4O]KG 106 dB 3O C/No \GãG]4OB $\F4CM 4 

dB C4 Xe| IF %T̀\Ç 4[ 9NG 4 MHz Wd 10 MHz 4� K]9 3O ADC 4ü #\C9NG %T̀\Ç 4h 10 MHz Wd 40 
MHz C4 O5[ ;[ W4C[ Xe| XM[Od $G^#Nh6 4� \Q. IF %T̀\Ç 4h 4 MHz 3O ADC 4ü #\C9NG %T̀\Ç 4h 16 
MHz O5[ 6N[ Xe|  

    Kd;Kd;Kd;Kd;K¾@K¾@K¾@K¾@    $GL̂[6 $GL̂[6 $GL̂[6 $GL̂[6 ::::        

 

%4_\C %4_\C %4_\C %4_\C ----    4 4 4 4 : : : : WWWWîîîîW"K"F4 .T" #CMB 4[ 5"@ %Od5W"K"F4 .T" #CMB 4[ 5"@ %Od5W"K"F4 .T" #CMB 4[ 5"@ %Od5W"K"F4 .T" #CMB 4[ 5"@ %Od5    

;eWd %4_\C – 4 4� 5"@ %Od5 M» åE5[N[ 6N[ Xe å4 FGPA M» ADC WdãIQ I[åOC å4. ;[Cd X¾ 3O WîW"K"F4 Wd 
WãK"\FC \W�Q #hWd\W"6 å4N[ ;[C[ Xe| Kd;K¾@ $G^L[6 M» IXQ[ #9[QG (I'X Wd %Gd T[Qd W"4�C 4� $É[C 
@f¤O \TíD[IG 3O 4h@ v�; 4[ $;ÁG Xe| &ÝÎ> W"4�C 4h $\L'[X] M» (ÙI> WM-4Q[ 3O 9ĈD[ÂU-4Q[ T[X4 
#\C4_\C 3O 4h@ #\C4_\C W"4�CD 4� W[D 6̂B[ 4O4� Kd;K¾@ M» eI["CåOC å4N[ ;[C[ Xe| NX[! $W"WF #CMB 4[ 
(INh6 å4N[ 6N[ Xe| Kd;K¾@ W"4�C 4[ .4 4h@ $T\F (1 ms) C4 WM[4QG å4N[ ;[C[ Xe ;h #\C åMQ] Wd4�@ 
WM-4Q[ 3O 9ĈD[ÂU-4Q[ L̂;[ 4� CÙIO (prompt) WXW"K"F4 M» WXW"K"FG M[G (IQáF 4O[C[ Xe| T[X4 
#\C4_\C 4h 500 Hz 4� 9OB M» \TíD[\IC å4N[ ;[C[ Xe \;Wd @f¤O \KG 4X[ ;[C[ Xe| #ÙNd4 @f¤O \KG M», 
PRN 4h@ 4h %Fd (1/2) \9I 4� 9OB M» \TíD[\IC å4N[ ;[C[ Xe| NX[! +/- 2000 Hz 4ü @f¤O $\G\ë9CC[ 4� 
\Q. 8 @f¤O \KG 3O 4h@ Q"K[' 1023 \9I XhGd 4ü T;X Wd 2046 4h@ 9OB 5h;Gd ItCd X¾| ;K 4h' .4 
WîW"K"FG M[G I_TÁ \GF[ÁåOC EdXQ] Wd $\F4 I[N[ ;[C[ Xe Ch W"4�C 4h $\;ÁC 7h\VC4O åEN[ ;[C[ Xe| &WWd %Gd 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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T[Qd W"4�C 4[ $\L'[X] M» (ÙI> T[X4 4� W[D +/- 250 Hz 3O 4h@ 9OB 4� W[D %Fd (1/2) \9I 4� L]CO 
íD_Q W"Od5B åMQC[ Xe| PRN 4h@ 10-9OB Oe\54 ÎGLÁOB \TíD[IG O\;í>O (LFSR) %F[åOC 6hç@ 4h@ 
;\GT Wd (ÙI> XhC[ Xe ;h 1.023 MHz %T̀\Ç 4ü }f4 IO 9QC[ Xe| 4h@ ;\GT 4ü 1.023MHz %T̀\Ç 4ü 
}f4 W"ËN[ÙM4 \GN"\TC Eh\QT (NCO) O[O[ (ÙI> XhC] Xe| T[X4 #\C4_\C W"4�C T[X4 W"ËN[ÙM4 \GN"\TC 
Eh\QT (NCO) O[O[ (ÙI> XhC[ Xe| Nd W"ËN[ÙM4 \GN"\TC Eh\QT (NCO) 4[ 4[N[ÁÝTNG $TQh4G W[OB] 
%F[åOC Xe|  

íD_Q W"Od\5C W"4�C 4h íD[G]N T[X4 3O 4h@ #\C4_\C 4� W[D W_÷M W"Od\5C 4OGd 4� \Q. $G^TCÁG ;eO] Xe| 
@d>[ W"4�C 4h #[o 4OGd 4� \Q. $G^TCÁG 4[NM O5G[ ItC[ Xe| T[X4 $G^TCÁG %T̀\Ç $G^K"F4 I[U (FLL) 

3O 4Q[ $G^K"F4 I[U (PLL) 4[ (INh6 å4N[ 6N[ Xe| 4h@ $G^TCÁG 4� \Q. \TQãK $G^K"F4 I[U (DLL) 4[ 
(INh6 å4N[ 6N[ Xe|  

$\L'[X] M» $G^TCÁG (Tracking) 4ü $TíD[ M» WM-4Q[ CÙIO U[5[ M» ;h WîW"K"FG M[G XhC[ Xe Th @d>[ 4h 
#íĈC 4OC[ Xe| Nd WîW"K"FG M[G USB Wd UART 4GdÊUG 4� M[ÜNM Wd .4 íM[>Á å@T[&W / 4�ßN_>O / QeI>fI 
4h I[åOC å4N[ ;[C[ Xe| íM[>Á å@T[&WM» .4 Wfà>TdNO #h'[M &G WXW"K"FG M[G Wd @d>[ W"4�C 4h I^G#[Áo 4O4� 
(WMd Wd @]&">OQ]TO (deinterleaver) 3O \T>OK] \T4ht4 (Viterbi decoder) Wd #d\VC @d>[ \KÔW 4h #[o 4OC[ 
Xe| &W4� K[E @[>[ \KÔW Wd #d\VC WÝEdU 4[ \Gì4VÁB 4O4� (Wd å@í¤d IO #E\UÁC å4N[ ;[C[ Xe|  

4444.... W"EdU 4� $\LW"EdU 4� $\LW"EdU 4� $\LW"EdU 4� $\L'XB 4� \Q. 'XB 4� \Q. 'XB 4� \Q. 'XB 4� \Q. IRNSS IRNSS IRNSS IRNSS 3O 3O 3O 3O GAGAN GAGAN GAGAN GAGAN $\L'[X] 4ü C^QG[$\L'[X] 4ü C^QG[$\L'[X] 4ü C^QG[$\L'[X] 4ü C^QG[        
IRNSS 3O GAGAN EhGD WM[G 4h@ Q"K[' 3O \9I EO 4� W[D W].@]..M.. 4[ (INh64O OXd X¾ 3O Td L5 

%T̀\Ç IO #d\VC X¾| &W4� $Q[T[ GAGAN L1 %T̀\Ç IO L] W"9OB 4OC[ Xe| &WWd $\L'[X] 4[ X[@ÁTdNO #4[O 
/">dG[ IO \GLÁO 4Od6[| .">]G[ L1 3O L5 EhGD K¾@ 4� åOW]TO 4� \Q. KG[N[ 6N[ Xe, Ch .4 X] X[@ÁTdNO 4h å4W] 
L] W"4�C 4[ $\L'XB 4OGd 4� \Q. &íCdM[Q å4N[ ;[ W4C[ Xe| WîW"K"F4 4ü $\L4çIG[ IRNSS 3O 
GAGAN 4� \Q. WM[G X] OXd6], 4�TQ PRN 4h@ IRNSS N[ GAGAN 4� $G^W[O FPGA M» We> 4OGd 4ü ;eOC 
Xe| Wfà>TdNO #CMB EhGD åOW]TO 4� \Q. $Q6 $Q6 Xh ;[.6[| X[Q["å4 Mh@ 9NG 4� W[D W"N^F Wfà>TdNO 
\T4\WC å4N[ ;[ W4C[ Xe| IRNSS (Iu�M 3 3O 4 M» I[? W"EdU #W[åOC4O W4Cd X¾| IRNSS Wd 12 Wd4�@ M» 
235 \KÔW Q"K[' 4[ I[? W"EdU Xh W4C[ Xe| GAGAN Wd 1 Wd4�@ M» 188 \KÔW Q"K[' 4[ W"EdU Ld; W4Cd X¾|  

 
IRNSS  GAGAN 

%T̀\Ç  L5 3O S L1 3O L5  

%O..J $G^L[6 (IQáFC[  4M  K�C WOd  

@d>[ EO 25 \K> #\C Wd4�@  250 \K> #\C Wd4�@ 

u�M EO  48 Wd4�@  1 Wd4�@  

W"EdU Q"K['  235 \KÔW #\C (Iu�M (12 Wd4�@)  188 \KÔW #\C u�M 

(Iu�M (IQáFC[  
4�TQ (Iu�M 3 3O 4 4h &íCdM[Q 
å4N[ ;[ W4C[ Xe  

å4W] L] u�M 4h &íCdM[Q å4N[ 
;[ W4C[ Xe  

$\F4CM W"EdU EO  2 W"EdU / 48 Wd4�@ / (I'X  1 W"EdU / 1 Wd4�@ / (I'X  

(I'XD 4ü W"ËN[  7 (I'XD C4 3 (I'XD C4  

X[Q["å4 EhGD #B[Q] M» Q"Kd W"EdU 4[ $ß5"EG 4O4� K�6M (Iu�M IO #W[åOC å4N[ ;[ W4C[ Xe|  

5555.... W"EdU W"4çIG[W"EdU W"4çIG[W"EdU W"4çIG[W"EdU W"4çIG[    
IRNSS / GAGAN GiW"9[QG 9eGQ 4� O[O[ W"EdU #B[Q] 4[ W"4çIG[ÙM4 5"@ %Od5 %4_\C - 5 M» åE5[N[ 
6N[ Xe| 
;K L] %'..M.@] (IMD) N[ %IE[ #K"FG #[\F4OB 4� I[W Ld;d ;[Gd 4� \Q. W"EdU Xe, Td T]We> (VSAT) Gd>T4· N[ 
J[&KO 0\ß>ÊW Q[&G N[ W"9[O 4� å4W] L] $ÝN M[ÜNMD 4[ (INh64O 4� IRNSS GiW"9[QG 412 4h W"EdU 
Ld; W4Cd X¾| GiW"9[QG 412 W"EdU 4h #[eI 4O4� >dQ]Md>O] 3O >dQ] 4M["@ 412 4h IRNSS (I'X M» W"EdU 
$IQh@ 4OGd 4h \Q. Ld; EdC[ Xe| (I'X Wd #h'[åMC WMN 3O ÎGO[T̀\Ç EO 4� $G^W[O W"EdU #W[åOC Xh6[| 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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&W4� $Q[T[, .4 (I'X I_Od L[OC]N ÈdT 4h 4TO 4OGd 4� \Q. IN[Áo Xe| ;eW[ å4 IXQd (�d5 å4N[ Xd, #ÙNd4 
IRNSS (I'X M» $Q6 PRN 4h@ Xe &W\Q. #ÙNd4 (I'X \T\L> $\L'[X] WM_X N[ \T\L> $G^#Nh6D 4h 
W"Kh\FC4O W4Cd X¾| (I'XD 4h \T\L> ÈdT 4� \Q. \GåEÁ` å4N[ ;[ W4C[ Xe, ;eWd 4ü, .4 (I'X I\ë9M] C> 
W[6O ÈdT 4� \Q.; $ÝN 4h åXM[QN] ÈdTD 4� \Q. %Nh;G W4Cd X¾| &W COX Wd (W ÈdT 4� $\L'[X] \GF[ÁåOC 
PRN 4h@ 4� $G^eI OX»6d 3O #B[Q] 4h 4WUQC[ Wd &íCdM[Q å4N[ ;[ W4C[ Xe|  

 

    

%4_\C %4_\C %4_\C %4_\C ----    5 5 5 5 : : : : WÝEdU W"4çIG[ 4[ 5"@ %Od5WÝEdU W"4çIG[ 4[ 5"@ %Od5WÝEdU W"4çIG[ 4[ 5"@ %Od5WÝEdU W"4çIG[ 4[ 5"@ %Od5 

GAGAN 4[ (INh6 4OGd 4� \Q., W"EdU W"9[O \Q"4 4� M[ÜNM Wd W"EdU L[OC]N åMUG \GN"TB 412 (INMCC) C4 
I�!9G[ 9[åX.| INMCC IåOL[\VC W"EdU #4[O M» W"EdU $I\Q"4 4OGd 4� \Q. L[OC]N GdT]6dUG Q¾@ $I\Q"4 
í>dUG (INLUS) 4h \GE¼U Ed6[|  

6666.... $G#̂Nh6$G#̂Nh6$G#̂Nh6$G#̂Nh6    

1. %IE[%IE[%IE[%IE[: %IE[ Wd W"K"\FC ;[G4[O] IMD, INCOIS, CWC, %åE W"K"\FC .;»\WND O[O[ (ÙI> å4 ;[C] 
3O (G4h T]Wd> (VSAT) / $ÝN Gd>T4· 4� M[ÜNM Wd 412]N WTÁO 4h #d\VC å4N[ ;[ W4C[ Xe ;h ;[G4[O] 4h 
#[eI (JfM¼>) 4O4� #[DåM4C[ CN4O W4Cd X¾| W"EdU IRNSS / GAGAN M[í>O \GN"TB í>dUG 4h Ld;[ ;[ 
W4C[ Xe| M[í>O \GN"TB í>dUG W"EdU #W[åOC 4OGd 4� \Q. $I\Q"4 í>dUG 4h ;[G4[O] Ld; W4Cd X¾| $I\Q"4 
í>dUG (I'X 4h W"EdU Ld;4O (I'X 4� O[O[ #W[åOC4O W4Cd X¾|  

2. åOIhå>Â6 >åMÁGQ: åOIhå>Â6 >åMÁGQ 4[ (INh6 (I'X 4h W"EdU Ld;Gd 4� \Q. å4N[ ;[C[ Xe| NX W"EdU (I'X 
Wd XhC[ �% åOIhå>Â6 XK 4h åMQ[C[ Xe| NX .4 M[6ú W"EdU Ld;Gd 4[ C"T Xe| NX $\L'[X] 4[ (INh6 4O4� 
åOIhå>Â6 XK åOIhå>Â6 >åMÁGQ 4� \Q. íT]4_\C (acknowledgement) Ld; W4Cd X¾| åOIhå>Â6 XK 3O Gd\T6dUG 
M[í>O \GN"TB 412 &W $G^#Nh6 4� \Q. T]We> / 2.JW] %åE 4� M[ÜNM Wd ;ht[ ;[G[ 9[åX.| &W $Ĝ#Nh6 4� 
\Q. >åMÁGQ IX9[G 4h@ L] W"EdU M» #E[G 4ü ;[G] 9[åX.|  

7777.... \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ    
:h>d %4[O 3O 4M \K;Q] 4ü 5IC 4� W[D .4 9eGQ W].@]..M.. $\L'[X] 4ü $\L4çIG[ 4ü ;[ W4C] Xe 
3O (W4h Mi;_E[ íM[>Á (I4OBD 4� W[D W"Q� å4N[ ;[ W4C[ Xe| NX $\L'[X] Kt] 7>G[ N[ %IE[ 4ü \íD\C 
M» I_TÁ 9dC[TG] 3O \GE¼U W"EdUD 4h #[o 4OGd 4� \Q. &íCdM[Q å4N[ ;[ W4C[ Xe| /Wd $G^#Nh6D 4� \Q. 
$\L'[X] 4[ %4[O ASIC KG[ 4� 4M å4N[ ;[ W4C[ Xe|  

IRNSS 4ü ĈQG[ M» GAGAN 4[ @d>[ EO ÑN[E[ Xe 3O GPS 4[ W"9OB L1 K¾@ M» XhC[ Xe &W\Q. GAGAN L5 K¾@ 
/Wd $G^#Nh6 4� \Q. KdXCO (ãM]ET[O Xe| IRNSS 3O GAGAN 4ü I_O] $"CåOÈ 5"@ 4[ (INh6 4O4� \T\TF 
$G^#Nh6D 4ü Nh;G[ KG[' ;[ W4C] Xe|  

************    
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W[M[\;4 .T" (ILhF[ $G^W[M[\;4 .T" (ILhF[ $G^W[M[\;4 .T" (ILhF[ $G^W[M[\;4 .T" (ILhF[ $G^#Nh6 #Nh6 #Nh6 #Nh6     

L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]    O[O[ O[O[ O[O[ O[O[ &">OGd>&">OGd>&">OGd>&">OGd>    (IQáF (IQáF (IQáF (IQáF 4O[Gd T[Q]4O[Gd T[Q]4O[Gd T[Q]4O[Gd T[Q]    êNTíD[êNTíD[êNTíD[êNTíD[    
eIQ %O N[\É4eIQ %O N[\É4eIQ %O N[\É4eIQ %O N[\É4        

#B[Q]#B[Q]#B[Q]#B[Q]    $\LN["\T4ü$\LN["\T4ü$\LN["\T4ü$\LN["\T4ü    .T".T".T".T"    WM[4QGWM[4QGWM[4QGWM[4QG    #L[6#L[6#L[6#L[6    ((((.W.W.W.W....''''....%'%'%'%'....@]@]@]@]))))    
$"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 412412412412, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E    

W[O["UW[O["UW[O["UW[O["U    

EdU 4� $"CåOÈ 4[NÁCM 4[ M^ËN (ªdëN $"CåOÈ \TÉ[G .T" C4EdU 4� $"CåOÈ 4[NÁCM 4[ M^ËN (ªdëN $"CåOÈ \TÉ[G .T" C4EdU 4� $"CåOÈ 4[NÁCM 4[ M^ËN (ªdëN $"CåOÈ \TÉ[G .T" C4EdU 4� $"CåOÈ 4[NÁCM 4[ M^ËN (ªdëN $"CåOÈ \TÉ[G .T" C4G]4ü 4[ (INh6 EdU 4� 3ah\64G]4ü 4[ (INh6 EdU 4� 3ah\64G]4ü 4[ (INh6 EdU 4� 3ah\64G]4ü 4[ (INh6 EdU 4� 3ah\64, , , , %\DÁ4 %\DÁ4 %\DÁ4 %\DÁ4 
\T4[W 4� W[D\T4[W 4� W[D\T4[W 4� W[D\T4[W 4� W[D----W[D ;h Qh6 EdU 4� E_OW[D ;h Qh6 EdU 4� E_OW[D ;h Qh6 EdU 4� E_OW[D ;h Qh6 EdU 4� E_O----EO[; 4� '[M]BEO[; 4� '[M]BEO[; 4� '[M]BEO[; 4� '[M]B, , , , E^6ÁM .T" WM2̂] C> 4� ÈdTD M» Q"K] N[T[ 4OCd OXCd X¾E^6ÁM .T" WM2̂] C> 4� ÈdTD M» Q"K] N[T[ 4OCd OXCd X¾E^6ÁM .T" WM2̂] C> 4� ÈdTD M» Q"K] N[T[ 4OCd OXCd X¾E^6ÁM .T" WM2̂] C> 4� ÈdTD M» Q"K] N[T[ 4OCd OXCd X¾, , , , 
(G4ü M_QL_C WMíN[2" 4h W^Q<[(G4ü M_QL_C WMíN[2" 4h W^Q<[(G4ü M_QL_C WMíN[2" 4h W^Q<[(G4ü M_QL_C WMíN[2" 4h W^Q<[4O 4O 4O 4O (G4[ WT[Â6] \T4[W 4OG[ L] Xe(G4[ WT[Â6] \T4[W 4OG[ L] Xe(G4[ WT[Â6] \T4[W 4OG[ L] Xe(G4[ WT[Â6] \T4[W 4OG[ L] Xe| | | | &W] MXÙTI_BÁ W[M[\;4 (ªdëN 4h &W] MXÙTI_BÁ W[M[\;4 (ªdëN 4h &W] MXÙTI_BÁ W[M[\;4 (ªdëN 4h &W] MXÙTI_BÁ W[M[\;4 (ªdëN 4h 
ÜN[ÜN[ÜN[ÜN[G M» O5Cd �. EdU 4h $"CåOÈ C4G]4ü %F[åOC WdT[." #E[G 4OGd 4� \Q. L[OC]N $"CåOÈ $G^W"F[G G M» O5Cd �. EdU 4h $"CåOÈ C4G]4ü %F[åOC WdT[." #E[G 4OGd 4� \Q. L[OC]N $"CåOÈ $G^W"F[G G M» O5Cd �. EdU 4h $"CåOÈ C4G]4ü %F[åOC WdT[." #E[G 4OGd 4� \Q. L[OC]N $"CåOÈ $G^W"F[G G M» O5Cd �. EdU 4h $"CåOÈ C4G]4ü %F[åOC WdT[." #E[G 4OGd 4� \Q. L[OC]N $"CåOÈ $G^W"F[G 
W"6?GW"6?GW"6?GW"6?G, , , , &WOh \T\TF W[M[\;4 IåONh;G[2" IO &WOh \T\TF W[M[\;4 IåONh;G[2" IO &WOh \T\TF W[M[\;4 IåONh;G[2" IO &WOh \T\TF W[M[\;4 IåONh;G[2" IO 4[NÁ 4O4[NÁ 4O4[NÁ 4O4[NÁ 4O    OX[ XeOX[ XeOX[ XeOX[ Xe| | | | %; XM[Od EdU M» %; XM[Od EdU M» %; XM[Od EdU M» %; XM[Od EdU M» &ÝWe>&ÝWe>&ÝWe>&ÝWe>    CD[ ;]We> ÅdB] 4� CD[ ;]We> ÅdB] 4� CD[ ;]We> ÅdB] 4� CD[ ;]We> ÅdB] 4� 
$Gd4 W"9[O (I'X .T" $ÝN $Gd4 IåONh;G[2" 4� $"C6ÁC E_$Gd4 W"9[O (I'X .T" $ÝN $Gd4 IåONh;G[2" 4� $"C6ÁC E_$Gd4 W"9[O (I'X .T" $ÝN $Gd4 IåONh;G[2" 4� $"C6ÁC E_$Gd4 W"9[O (I'X .T" $ÝN $Gd4 IåONh;G[2" 4� $"C6ÁC E_OW"9[OOW"9[OOW"9[OOW"9[O, , , , E_OEUÁG #W[OBE_OEUÁG #W[OBE_OEUÁG #W[OBE_OEUÁG #W[OB, , , , \UÈ[\UÈ[\UÈ[\UÈ[, , , , íT[íÚNíT[íÚNíT[íÚNíT[íÚN, , , , L_åML_åML_åML_åM, , , , 

;"6Q .T" WM2̂] WT¼ÈB;"6Q .T" WM2̂] WT¼ÈB;"6Q .T" WM2̂] WT¼ÈB;"6Q .T" WM2̂] WT¼ÈB, , , , (>C MiWM \G6O[G] 3O %I\Ç êNTíD[IG ;eW] $Gd4 ;G(>C MiWM \G6O[G] 3O %I\Ç êNTíD[IG ;eW] $Gd4 ;G(>C MiWM \G6O[G] 3O %I\Ç êNTíD[IG ;eW] $Gd4 ;G(>C MiWM \G6O[G] 3O %I\Ç êNTíD[IG ;eW] $Gd4 ;G----4çN[B4[O] W^\TF[." 4çN[B4[O] W^\TF[." 4çN[B4[O] W^\TF[." 4çN[B4[O] W^\TF[." 
#E[G#E[G#E[G#E[G4O 4O 4O 4O OXd X¾OXd X¾OXd X¾OXd X¾| | | |     

&W Qd5 M» /W] X] K�C (INh6] &W Qd5 M» /W] X] K�C (INh6] &W Qd5 M» /W] X] K�C (INh6] &W Qd5 M» /W] X] K�C (INh6] ““““L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]    O[O[ O[O[ O[O[ O[O[ &">OGd>&">OGd>&">OGd>&">OGd>    (IQáF (IQáF (IQáF (IQáF 4O[4O[4O[4O[Gd T[Q]Gd T[Q]Gd T[Q]Gd T[Q]    êNTíD[êNTíD[êNTíD[êNTíD[””””    4[ 4[ 4[ 4[ 
#íC[T åEN[ 6N[ Xe#íC[T åEN[ 6N[ Xe#íC[T åEN[ 6N[ Xe#íC[T åEN[ 6N[ Xe| | | | NX #B[Q] OdQNX #B[Q] OdQNX #B[Q] OdQNX #B[Q] OdQ    (ILhF[2" 4� \Q. K�C (INh6] Xh6](ILhF[2" 4� \Q. K�C (INh6] Xh6](ILhF[2" 4� \Q. K�C (INh6] Xh6](ILhF[2" 4� \Q. K�C (INh6] Xh6]| | | | L[OC]N OdQ XM[Od EdU 4[ M^ËN L[OC]N OdQ XM[Od EdU 4[ M^ËN L[OC]N OdQ XM[Od EdU 4[ M^ËN L[OC]N OdQ XM[Od EdU 4[ M^ËN 
N[C[N[C 4[ W[FG XeN[C[N[C 4[ W[FG XeN[C[N[C 4[ W[FG XeN[C[N[C 4[ W[FG Xe| | | | %; 4� WMN M»%; 4� WMN M»%; 4� WMN M»%; 4� WMN M»    N[\TND 4� \Q. Q"Kd WMN 4ü OdQ N[T[ 4� EiO[G W"9[O .T" N[\TND 4� \Q. Q"Kd WMN 4ü OdQ N[T[ 4� EiO[G W"9[O .T" N[\TND 4� \Q. Q"Kd WMN 4ü OdQ N[T[ 4� EiO[G W"9[O .T" N[\TND 4� \Q. Q"Kd WMN 4ü OdQ N[T[ 4� EiO[G W"9[O .T" &">OGd>&">OGd>&">OGd>&">OGd>    W^\TF[ W^\TF[ W^\TF[ W^\TF[ 
XhG[ $ÙN"C %TëN4XhG[ $ÙN"C %TëN4XhG[ $ÙN"C %TëN4XhG[ $ÙN"C %TëN4    Xh 6Xh 6Xh 6Xh 6N[ XeN[ XeN[ XeN[ Xe| | | | $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 412412412412    ((((&WOh&WOh&WOh&WOh) ) ) ) M» $L] (>C W"9[O WdT[ 4� %F\̂G4 (I'X ;eWd M» $L] (>C W"9[O WdT[ 4� %F\̂G4 (I'X ;eWd M» $L] (>C W"9[O WdT[ 4� %F\̂G4 (I'X ;eWd M» $L] (>C W"9[O WdT[ 4� %F\̂G4 (I'X ;eWd å4å4å4å4    
;];];];]....We>We>We>We>----11111111, , , , ;];];];]....We>We>We>We>----6666    4h #Mh\9C 4OGd 4ü Nh;G[ Xe4h #Mh\9C 4OGd 4ü Nh;G[ Xe4h #Mh\9C 4OGd 4ü Nh;G[ Xe4h #Mh\9C 4OGd 4ü Nh;G[ Xe| | | | Nd (I'XWd (INh64C[Á \TíCC̀ K¾@ 4ü W"9[O WdT[ 3O Nd (I'XWd (INh64C[Á \TíCC̀ K¾@ 4ü W"9[O WdT[ 3O Nd (I'XWd (INh64C[Á \TíCC̀ K¾@ 4ü W"9[O WdT[ 3O Nd (I'XWd (INh64C[Á \TíCC̀ K¾@ 4ü W"9[O WdT[ 3O 
Mç>]M]å@N[Mç>]M]å@N[Mç>]M]å@N[Mç>]M]å@N[    ((((ÜT\GÜT\GÜT\GÜT\G, , , , tëN .T" W_9G[tëN .T" W_9G[tëN .T" W_9G[tëN .T" W_9G[) ) ) ) WdT[ L] (IQáFWdT[ L] (IQáFWdT[ L] (IQáFWdT[ L] (IQáF4O 4O 4O 4O W4Cd X¾W4Cd X¾W4Cd X¾W4Cd X¾| | | | ;];];];]....We>We>We>We>----11 11 11 11 (I'X 4�(I'X 4�(I'X 4�(I'X 4�    O[O[ O[O[ O[O[ O[O[ Ku Ku Ku Ku K¾@ M» (INh6 M» K¾@ M» (INh6 M» K¾@ M» (INh6 M» K¾@ M» (INh6 M» 
%Gd T[Qd T]%Gd T[Qd T]%Gd T[Qd T]%Gd T[Qd T]....We> >åMÁGQWe> >åMÁGQWe> >åMÁGQWe> >åMÁGQ    3O ;]3O ;]3O ;]3O ;]....We>We>We>We>----6 6 6 6 (I'X 4�(I'X 4�(I'X 4�(I'X 4�    O[O[ O[O[ O[O[ O[O[ s s s s K¾@ M» (INh6 M» %Gd T[Qd >åMÁGQ 4h OdQ M» íD[\IC K¾@ M» (INh6 M» %Gd T[Qd >åMÁGQ 4h OdQ M» íD[\IC K¾@ M» (INh6 M» %Gd T[Qd >åMÁGQ 4h OdQ M» íD[\IC K¾@ M» (INh6 M» %Gd T[Qd >åMÁGQ 4h OdQ M» íD[\IC 
4O4� (ILhF[2" 4h 4O4� (ILhF[2" 4h 4O4� (ILhF[2" 4h 4O4� (ILhF[2" 4h &">OGd>&">OGd>&">OGd>&">OGd>    3O W"9[O WdT[ 4ü W\̂TF[.! (IQáF 4OT[' ;[ W4C] X¾3O W"9[O WdT[ 4ü W\̂TF[.! (IQáF 4OT[' ;[ W4C] X¾3O W"9[O WdT[ 4ü W\̂TF[.! (IQáF 4OT[' ;[ W4C] X¾3O W"9[O WdT[ 4ü W\̂TF[.! (IQáF 4OT[' ;[ W4C] X¾| | | | &W Qd5 M» ;]&W Qd5 M» ;]&W Qd5 M» ;]&W Qd5 M» ;]....We>We>We>We>----11 11 11 11 4� 4� 4� 4� 
KuKuKuKu    K¾@ 4� >åMÁGQ 4� (INh6 Wd OdQ M» K¾@ 4� >åMÁGQ 4� (INh6 Wd OdQ M» K¾@ 4� >åMÁGQ 4� (INh6 Wd OdQ M» K¾@ 4� >åMÁGQ 4� (INh6 Wd OdQ M» &">OGd>&">OGd>&">OGd>&">OGd>    #[o 4OGdT[Q] #B[Q] 4[ \TTOB åEN[ 6N[#[o 4OGdT[Q] #B[Q] 4[ \TTOB åEN[ 6N[#[o 4OGdT[Q] #B[Q] 4[ \TTOB åEN[ 6N[#[o 4OGdT[Q] #B[Q] 4[ \TTOB åEN[ 6N[    XeXeXeXe| | | |     

W"4�CW"4�CW"4�CW"4�C    UáEUáEUáEUáE    

 &WOh, We4, .Ý>dG[, ;].We>, L[OC]N OdQ 

1111.... #íC[TG[#íC[TG[#íC[TG[#íC[TG[    
L[OC]N OdQ Ê\GN[ 4[ K�C Kt[ OdQ Gd>T4· Xe \;WM» 1, 15, 000 kms. 4[ >Äe4 3O 7, 172 í>dUG U[åMQ X¾| 
L[OC]N OdQ XM[Od EdU 4[ M̂ËN N[C[N[C 4[ W[FG X¾, &WM» 4O]K 12, 617 N[\T OdQ6[å@N[! 3O 7, 421 

M[QL[@[ OdQ6[å@N[! U[åMQ X¾| L[OC]N OdQ Gd åE. 6. 2014-15 4� %!4tD 4� åXW[K Wd .4 X] åEG M» 4O]K 230 
Q[5 N[\T OdQ6[t] Wd WJO 4OCd X¾| I_Od L[OC 4� WL] &Q[4D 4� $Q[T[ NX GdI[Q, K"6Q[EdU 3O I[å4íC[G ;eWd 
IthW] EdUD M» W]åMC $"COO[ Ä̀]N WdT[2" 4� \Q. L] (IQáF Xe| L[OC]N OdQ 4h OdQ6[\tND 4� \Q. 4[NÁ4WUQ 
W"9[O 3O GiW"9[QG 4ü C4G]å4ND 4ü K�C %TëN4C[ Xe \;G4� \GãG\Q\5C (INh6 å4. ;[ W4Cd X¾- 
• OdQ #9[QG/W"9[QG 

• OdQ #U[WG/#K"FG 

• OdQ \G6O[G] 
• OdQ N[\T 4� \Q. OdQ W"9[O .T" &">OGd> WdT[ 

L[OC]N OdQ 4h N[T[ 4OGd 4� \Q. Qh6 IW"E 4OCd X¾, &W]\Q. L[OC 4ü K�C Kt] ;GW"ËN[ 4O]K 230 Q[5 
N[\TND Q"K] $T\F 4ü OdQ M» XO Oh; WJO 4OCd X¾| %; 4� WMN M» N[\TND 4� \Q. Q"Kd WMN 4ü OdQ N[T[ 4� 
EiO[G W"9[O .T" &">OGd> W^\TF[ XhG[ $ÙN"C %TëN4 Xh 6N[ Xe| W_9]-1 (>dKQ-1) M» \I:Qd 4' W[QD M» OdQ M» 
WJO 4OGd T[Qd N[\TND 3O (G4� O[O[ å4. 6. 3WC WJO 4� J[WQd 4[ \TTOB åEN[ Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
 

अंत�र� उपयोग क� � / �वकास एवं शै��क संचार यूिनट, इसरो, अंत�र� �वभाग, अहमदाबाद  187 

 

>dKQ>dKQ>dKQ>dKQ----1111----L[OC]N OdQ M» WJO 4OGd T[Qd N[\TND 3O (G4�L[OC]N OdQ M» WJO 4OGd T[Qd N[\TND 3O (G4�L[OC]N OdQ M» WJO 4OGd T[Qd N[\TND 3O (G4�L[OC]N OdQ M» WJO 4OGd T[Qd N[\TND 3O (G4�    O[O[ O[O[ O[O[ O[O[ 4ü 6' N[T[ 4� $"CO 4ü ;[G4[O]4ü 6' N[T[ 4� $"CO 4ü ;[G4[O]4ü 6' N[T[ 4� $"CO 4ü ;[G4[O]4ü 6' N[T[ 4� $"CO 4ü ;[G4[O]    
L[OC]N OdQ 4� %!4tD 4� åXW[K Wd Ed5[ ;[ W4C[ Xe å4 4O]K 180 OdQ6[t] XOOh; 10 7">d Wd ÑN[E[ 9QC] X¾ 
3O 4O]K 2 Q[5 Qh6 ( 1100 N[\TND/ OdQ6[t] ) 10 7">d Wd ÑN[E[ OdQ6[t] 4� .4 X] @áKd M» WJO 4OCd X¾| &W 
EiO[G NX $ÙN"C %TëN4 Xh ;[C[ Xe å4 N[\T 4h 4M 59Á T[Q] &">OGd> ;eW] M_QL_C WdT[ (IQáF XhG] 9[åX.| 
&W4� O[O[ N[\T6B K[XO 4ü Ê\GN[ Wd ;^td OX W4Cd X¾| Q"Kd WJO 4� EiO[G Qh6D 4h W_9G[ 3O MGhO";G 
åMQG[ ;eWd å4 EdU 4� WM[9[O .T" XT[M[G 4ü ;[G4[O], IåOT[O;GD 3O åMTD 4� W[D W"I4· KG[G[, 6[Gd W^GG[, 
M_T] Ed5G[, 5dQG[ &ÙN[åE $ÙN"C %TëN4 XhC[ Xe| &">OGd> 4� M[ÜNM Wd N[\T6B íDQ IO I�!9Gd Wd IXQd Xh>Q 
K̂å4�6 3O 4[O K̂å4�6 L] 4OT[ W4Cd X¾| /W] 4' MXÙTI_BÁ WdT[." OdQ N[T]6B 4h #E[G 4OGd 4� \Q. OdQ M» 
&">OGd> 4[ XhG[ K�C ;eO] Xe| 4' K[O OdQ e4[T> 4ü T;X Wd \GNC WMN IO GXù I�!9 I[C] Xe, /Wd WMN IO 
%6d 4OGd T[Qd 4[NÁCMD 4ü êNTíD[ 4OGd 4� \Q. L] &">OGd> ;eW] W"9[O WdT[ K�C (INh6] KGC] Xe|  

2222.... L[OC]N OdQ M» W"9[O êNTíD[ 4ü TCÁM[G \íD\CL[OC]N OdQ M» W"9[O êNTíD[ 4ü TCÁM[G \íD\CL[OC]N OdQ M» W"9[O êNTíD[ 4ü TCÁM[G \íD\CL[OC]N OdQ M» W"9[O êNTíD[ 4ü TCÁM[G \íD\C    

%; 4� WMN M» W"9[O êNTíD[ 4� \Q. \WJ· OdQ 9[Q4, 6[@Á 3O $ÝN OdQ 4MÁ9[åOND 4� I[W Q"K] N[T[ 4ü 
OdQ6[t] M» Odå@Nh We> (Th4ü->h4ü) 4ü W^\TF[ (IQáF Xe|  

&W WMN OdQ N[\TND 4� I[W $IGd \Q. 4[M M» %Gd T[Q[ MhK[&Q JhG 3O WM[9[O .T" 6[Gd W^GGd 4� \Q. 
êN[I[åO4 Odå@Nh åOW]TO 4ü W^\TF[.! X] (IQáF X¾| ;X[! IO WdçN^QO í>dUG / Odå@Nh #W[OB GXù XhC[ Xe /Wd 
&Q[4D M» MhK[&Q JhG 3O Odå@Nh åOW]TO 4ü W^\TF[.! GXù åMQ W4C] X¾| Nd W^\TF[.! 4�TQ Ktd UXOD 3O (W4� 
%WI[W 4� &Q[4D M» X] åMQ I[C] X¾| &G W^\TF[2" 4ü 6̂BTÇ[ L] 4' ;6XD IO ?]4 GXù XhC]| OdQ M» WdçN^QO 
(GSM) %F[åOC WdT[ CL] W"LT Xe ;K I_Od L[OC TVÁ 4� L_ÈdT M» 100% 4TOd; T[Q[ íD[G]N WdçN^QO WdT[ 4[ 
Gd>T4· (IQáF Xh| íD[G]N WdçN^QO WdT[ 4[ Gd>T4· WL] ;6X GXù XhGd Wd OdQ W"9[O WdT[ M» \TÜG %Cd X¾ 3O 
(WWd NhÌN 3O \GO"CO WdT[ GXù åMQ W4C] Xe|  
&ÝMOWe> >åMÁGQ 4h MXÙTI_BÁ OdQ6[t] ;eWd å4 O[;F[G] 3O UC[áE] OdQ6[t] 4� $"EO %I[C4[Q]G W"9[O WdT[ 
4� \Q. IO]ÈB M» \QN[ 6N[ Xe|  

L[OC]N OdQ Gd L\TìN M» N[\T6B 4h W"9[O WdT[ EdGd 4� \Q. WdçN^QO Gd>T4· %F[åOC Nh;G[ ;eWd å4 ;]..W..M-
%O (GSM-R) 3O (I'X %F[åOC W"9[O WdT[ 4[ #Nh6 4OGd 4[ Wh9[ Xe| (I'X %F[åOC WdT[ WdçN^QO Gd>T4· 
%F[åOC WdT[ 4ü ĈQG[ M» 4[Jü WíC] 3O %W[G XhGd 4� 4[OB (Wd (INh6 M» QdG[ 9[åX.| (I'X %F[åOC 
W"9[O WdT[ íD[G]N Gd>T4· %F[åOC G XhGd Wd (W4� 4' Q[L X¾| (I'X %F[åOC WdT[ ;h Qh6 EdU 4� E_O-EO[; 
4� '[M]B, Ê6ÁM ÈdTD M» N[T[ 4OCd X¾ (ÝX» L] åMQ W4C] Xe 3O %I[C4[Q]G \íD\C M» L] K�C (INh6] W[\KC 
Xh W4C] Xe| (I'X W"9[O #iah\64ü O[O[ L[OC 4� \TU[Q ÈdT M» %\DÁ4 t\` Wd WíC] (LOW COST) .T" 
\TëTWG]N W"9[O CD[ W"I4· êNTíD[ íD[\IC 4ü ;[ W4C] Xe|  

L\TìN M» %Gd T[Qd ;].We>-11 3O Ka x Ku K¾@ 4� (I'X Wd (ILhF[ 4� \Q. ÑN[E[ 6\C Wd @d>[ (Data rate) 

Ld;Gd 4ü W"9[O WdT[ (IQáF Xh6]| >åMÁGQ :h>d 3O 4M );[Á 59Á 4OGd T[Qd XhGd Wd Td L[OC]N OdQ M» &">OGd> 
WdT[ EdGd 4� 4� \Q. $G^4�Q XD6d|  

3333.... ;];];];]....We>We>We>We>----11 11 11 11 Gd>T4·Gd>T4·Gd>T4·Gd>T4·    
%F̂\G4 C4G]4ü Wd KG[N[ 6N[ ;].We>-11 L[OC 4� L_-ÈdT 4h 32 Ku K¾@ 4� FOG (beam) Wd %TåOC4O Ed6[| 
;].We>-11 Gd>T4· 4h %Od5 \9T-1 M» EU[ÁN[ 6N[ Xe| &W Gd>T4· M» \GãG\Q\5C WM[\T` X¾– 

 

TVÁTVÁTVÁTVÁ    4WQ N[\TND4WQ N[\TND4WQ N[\TND4WQ N[\TND    4ü W"ËN[4ü W"ËN[4ü W"ËN[4ü W"ËN[    
    ((((Millions)Millions)Millions)Millions)    

N[\TNDN[\TNDN[\TNDN[\TND    O[O[ O[O[ O[O[ O[O[ 4ü 6' 3WC N[T[4ü 6' 3WC N[T[4ü 6' 3WC N[T[4ü 6' 3WC N[T[    
    ((((kms.)kms.)kms.)kms.)    

1980198019801980----81818181    3613361336133613    57.757.757.757.7    

1990199019901990----91919191    3858385838583858    76.676.676.676.6    

2000200020002000----01010101    4833483348334833    94.694.694.694.6    

2010201020102010----11111111    7651765176517651    127.9127.9127.9127.9    

2013201320132013----14141414    8397839783978397    138.0138.0138.0138.0    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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1. Ku K¾@ 4� >åMÁGQ 

2. ;].We>-11 Ka x Ku 3O Ku x Ka #dV[G^4O 

3. Ka K¾@ 4� L_412 

 

;].We> 11 4� >åMÁGQ í>[O Gd>T4· M» 4[NÁ 4OCd X¾| >åMÁGQ Wd L_412 3O L_412 Wd >åMÁGQ 4� K]9 M» W"9[O WdT[ 
(IQáF 4ü ;[ W4C] Xe| L_412 íDQ]N (terrestrial) W"9[O #B[Q] 4� W[D ;^t[ �% XhC[ Xe| >åMÁGQ 45 Mbps 

C4 4ü W_9G[ #[o 4O W4C[ Xe 3O 5 Mbps C4 4ü W_9G[ Ld; W4C[ Xe| &W Gd>T4· 4� 4' MXÙTI_BÁ (INh6 
X¾ ;eWd å4 – 

- E_OEO[; 4ü ;6X M» &">OGd>/úh@ K¾@ 4ü WdT[ 
- %IE[ 4� K[E ÎG#íD[IG .T" CÙ4[Q]G WdT[ #K"FG 

- WO4[O] 3O \G;] W"íD[2" 4� Gd>T4· 
- WdG[ 4� \Q. KG[N[ 6N[ \GÎB Gd>T4· 
- 5[W WM_X 4� \Q. KG[N[ 6N[ Gd>T4· 

4444.... L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]L[OC]N OdQ M» (I'X #B[Q]    O[O[ O[O[ O[O[ O[O[ &">OGd>&">OGd>&">OGd>&">OGd>    (IQáF (IQáF (IQáF (IQáF 4O[Gd T[Q]4O[Gd T[Q]4O[Gd T[Q]4O[Gd T[Q]    êNTíD[êNTíD[êNTíD[êNTíD[    
%Od5 \9T-2 M» L[OC]N OdQ M» (I'X #B[Q] O[O[ &">OGd> (IQáF 4O[Gd T[Q] #B[Q] åE5[' 6' Xe| &WM» (I'X 
%F[åOC #B[Q] 3O Ku K¾@ 4� >åMÁGQ 4[ L[OC]N OdQ M» &">OGd> #[o 4OGd 4� \Q. (INh6 å4N[ 6N[ Xe|  

&W #B[Q] 4� Eh L[6 Xe &W #B[Q] 4� Eh L[6 Xe &W #B[Q] 4� Eh L[6 Xe &W #B[Q] 4� Eh L[6 Xe ––––    

1111.... OdOdOdOdQ M» íD[\IC #B[Q]Q M» íD[\IC #B[Q]Q M» íD[\IC #B[Q]Q M» íD[\IC #B[Q] – &W4h %Od5 \9T-3 M» åE5[N[ 6N[ Xe, &WM» OdQ 4� $"EO OXGd T[Qd (INh64C[Á, 
OdQ IO O5GdT[Qd Ku K¾@ 4� :h>d %4[O 4� >åMÁGQ 3O $ÝN (I4OB WM[\T` X¾| &WM» (ILhF[ 4� MhK[&Q 
JhG IO íD[G]N WdT[ 4� W[D (I'X %F[åOC >åMÁGQ 4[ (INh6 4OGd Wd Q6[C[O &">OGd> WdT[ åMQ W4C] X¾| 
OdQ 4� @áKd 4� K]9 M» T['-J[' (wi-fi) 4ü W^\TF[ XhGd Wd .4 X] Ku K¾@ 4� >åMÁGQ Wd WL] N[\T (I'X %F[åOC 
&">OGd> WdT[ #[o 4O W4Cd X¾|  
2222.... L_L_L_L_412412412412    ÈdTÈdTÈdTÈdT – &WM» L[OC]N OdQ 4� M̂ËN[QN IO íD[\IC 4OGdT[Q[ Ka K¾@ 4[ L_-412 U[åMQ X¾, \;WWd 
íDQ]N I]..W.>]..G./%'.I]. (PSTN/IP) Gd>T4· ;^t[ �% XhC[ Xe| WL] OdQ N[T] &WWd &">OGd> Wd ;^@ W4Cd X¾|  
 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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%Od5 \9T %Od5 \9T %Od5 \9T %Od5 \9T ––––    3333    

 

 

(IN^ÁF EU[Á. 6. EhGD ÈdT 4� K]9 M» ;].We>-11 (I'X O[O[ W"I4· íD[\IC XhC[ Xe| #íĈC #B[Q] 4h K[;[O M» 
åMQGd T[Qd W[FGD 4� W[D #íD[\IC å4N[ ;[ W4C[ Xe| &WWd K�C Qh6D 4h .4 X] WMN IO W"9[O/&">OGd> WdT[ 
(IQáF XhGd M» WX[NC[ åMQC] Xe| ;].We> –11 >åMÁGQ Wd W"EdU Ld;Gd 4� \Q. 4 MHz Wd L] ÑN[E[ K¾@ \TíC[O 
(IQáF XhGd 4� 4[OB &WWd %F̂\G4 JhG 4ü Mç>]åMå@N[ (tëN, ÜT\G 3O W_9G[ %åE 4ü) W"9[O WdT[ W"LT 
Xe| >åMÁGQ Wd Ld;d 6. W"EdU L_412 M» (I'X O[O[ #[o XhCd X¾ 3O (Wd WTÁO 4ãßN_>O 4� W[D W"Q� å4N[ ;[ W4C[ 
Xe| WTÁO 4ãßN_>O Wd WL] OdQ (INh64C[Á W_9G[ #[o 4O W4Cd X¾| \T\L> (INh6 M» %Gd T[Qd 4ãßN_>O L_412 4� 
W[D TdK $"CO[Ì� (Web interface) Wd ;^td XhCd X¾| \TTOB 4ü 6' #B[Q] M» (INh6 M» %Gd T[Qd >åMÁGQ 3O 
L_412 4� \T\GE¼U (Specification) G]9d åE. 6. X¾|  

Ku Ku Ku Ku K¾@ 4� >åMÁGQ 4[ >Ädå4�6 K¾@ 4� >åMÁGQ 4[ >Ädå4�6 K¾@ 4� >åMÁGQ 4[ >Ädå4�6 K¾@ 4� >åMÁGQ 4[ >Ädå4�6 
.Ý>dG[.Ý>dG[.Ý>dG[.Ý>dG[    T['T['T['T['----J[' J[' J[' J[' ((((wiwiwiwi----ffffiiii) ) ) ) KdW í>dKdW í>dKdW í>dKdW í>dUGUGUGUG    

रेल उपभोAा 

रेल उपभोAा 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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5555.... #B[Q] Wd #[o WdT[." 3O#B[Q] Wd #[o WdT[." 3O#B[Q] Wd #[o WdT[." 3O#B[Q] Wd #[o WdT[." 3O    Q[L Q[L Q[L Q[L     

- &">OGd>&">OGd>&">OGd>&">OGd>    / / / / Mç>]M]å@N[Mç>]M]å@N[Mç>]M]å@N[Mç>]M]å@N[    ((((ÜT\GÜT\GÜT\GÜT\G, , , , tëN .T" W_9G[tëN .T" W_9G[tëN .T" W_9G[tëN .T" W_9G[) ) ) ) W"9[O WdT[ W"9[O WdT[ W"9[O WdT[ W"9[O WdT[ ––––    

OdQ M» (IQáF WL] MhK[&Q JhG 4� (INh64C[Á Ê\GN[ 4� K[4ü ÈdT Wd &">OGd>/Mç>]M]å@N[ W"9[O WdT[ Wd ;^t 
W4Cd X¾|  

- #W[åOC %I[C4[Q]G W"Ed#W[åOC %I[C4[Q]G W"Ed#W[åOC %I[C4[Q]G W"Ed#W[åOC %I[C4[Q]G W"EdU 4h 'XB 4OG[ U 4h 'XB 4OG[ U 4h 'XB 4OG[ U 4h 'XB 4OG[ ––––    

OdQ (ILhF[ L_412 Wd #W[åOC å4. 6. W"EdU ;eWd å4 CÙ4[Q]G 9dC[TG] &ÙN[åE 'XB 4O W4Cd X¾|  

 

भूभभूूभूक� �क� �क� �क� � 

• ऐ(टेना : 9 मीटर (9m) 

• uा(समीट (Qे�षत) 

आव�ृS 

: 29.5 से 30.0 
GHz 

• �रसीव (fाv) आव�ृS : 19.7 से 20.2 GHz 

• ई.आई.आर.पी. (EIRP) : 89dBW 

• G/T : 39 dB/K 

 

 

 

- :h>d W"EdU:h>d W"EdU:h>d W"EdU:h>d W"EdU    ((((.W.W.W.W.....M.M.M.M.....W.W.W.W.) / .) / .) / .) / êXhÔW .IêXhÔW .IêXhÔW .IêXhÔW .I    ((((    Whats App)Whats App)Whats App)Whats App)    4[ (INh6 4OG[ 4[ (INh6 4OG[ 4[ (INh6 4OG[ 4[ (INh6 4OG[ ––––    

OdQ N[\TND 4� O[O[ :h>d W"EdU, CíT]O &ÙN[åE OdQ Wd Ld;d ;[ W4Cd X¾|  

- íD[G \GF[ÁåOC WdT[íD[G \GF[ÁåOC WdT[íD[G \GF[ÁåOC WdT[íD[G \GF[ÁåOC WdT[    ((((Location Based service) Location Based service) Location Based service) Location Based service)     

$L] (IQáF %F̂\G4 MhK[&Q Wd (ILhF[ $IG] (I\íD\C 4ü ;6X 4ü WX] W_9G[ Ed W4Cd X¾| &W W_9G[ Wd 
GÊUd M» (ILhF[ 4� OdQ6[t] 4ü \íD\C Ed5] ;[ W4C] Xe|   

#B[Q] Wd Q[L #B[Q] Wd Q[L #B[Q] Wd Q[L #B[Q] Wd Q[L ::::    
• &">OGd> W^\TF[T[Q] OdQ XhGd Wd (ILhF[ %4\VÁC XhCd X¾ 3O 4[Jü W^\TF[2" 3O MGhO";G 4� W[FG N[T[ 
4� EiO[G åMQCd X¾ 
• WL] ;6X Q6[C[O &">OGd> WdT[ #[o XhC] Xe 
• %MEG] EdGd T[Q] 4' WdT[.! íD[\IC Xh W4C] X¾ 
• ÑN[E[ 6\C T[Q] &">OGd> 4ü (INh6] WdT[ 9QC] �' OdQ M» åMQC] Xe 
• Q"K] N[T[ 4� EiO[G K[XO 4ü Ê\GN[ Wd W"I4· KG[ OXdC[ Xe 
• (ILhF[ '-MdQ, W[M[\;4 Gd>Tå4�6 3O åONQ >[&M WdT[ #[o 4O W4Cd X¾ 
• Q"K] N[T[ 4� EiO[G MGhO";G 4� \Q. 6[Gd W^GG[, 5dQ 5dQG[ &ÙN[åE Xh W4C[ Xe  

6666.... #B[Q] íD[\IC 4OGd M» %Gd T[Q] 9^Gi\CN[!#B[Q] íD[\IC 4OGd M» %Gd T[Q] 9^Gi\CN[!#B[Q] íD[\IC 4OGd M» %Gd T[Q] 9^Gi\CN[!#B[Q] íD[\IC 4OGd M» %Gd T[Q] 9^Gi\CN[!    
• ÑN[E[ IfTO 4ü C[O» OdQ Gd>T4· 4� )IO Wd ;[C] X¾ ;h å4 &QdÊ>ÄhMe�då>4 $TOhF (ÙI> 4OC] X¾, /Wd 
T[C[TOB M» 9QGd T[Q[ (I'X %F[åOC >åMÁGQ 4[ Ie4�; KG[G[  
• ÑN[E[ 6\C T[Q] >ÄdG M» >åMÁGQ Wd (I'X 4[ W"4�C 'XB 4OGd 4� \Q. >åMÁGQ 4� .Ý>dG[ 4ü 5[W >Äeå4�6 
êNTíD[ KG[G[ 
• $Q6 $Q6 $TOhF ;eWd å4 >GQ 4� $"EO, \ú; 3O Kt] &M[OCD 4� I[W (I'X 4� W"4�C \KG[ 'XB å4. 
4[M M» %Gd T[Q] Te4\çI4 êNTíD[ KG[G[ 
• OdQ6[t] M» íD[\IC 4OGd 4� $G^4�Q >åMÁGQ 4[ Ie4�; KG[G[ 

उपभोAा टिम8नलउपभोAा टिम8नलउपभोAा टिम8नलउपभोAा टिम8नल 

• ऐ(टेना : 1.2 मीटर (1.2m) 

• uा(समीट (Qे�षत) 

आव�ृS 

: 12.75 से 13.25 
GHz 

• �रसीव (fाv) 

आव�ृS 

: 10.7 से 10.95 GHz 

 : 11.2 से 11.45 GHz 

• uा(समीट पावर : 2 वॉट/4 वॉट 

• G/T : 20 dB/K 
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• (I'X %F[åOC >åMÁGQ 4[ OdQ 4ü $ÝN #B[Q] 4� W[D W"Nh;G 4OG[  

7777.... (IW"X[O(IW"X[O(IW"X[O(IW"X[O    

”L[OC]N OdQ M» (I'X #B[Q] O[O[ &">OGd> (IQáF 4O[Gd T[Q] êNTíD[” O[ Ä̀]N íCO IO OdQ6[t] M» &">OGd> 
W"9[O WdT[ #[o 4OGd 4ü .4 5[W êNTíD[ Xe, ;h L[OC 4� OdQ #K"FG ÈdT M» K�C (INh6] Xh W4C] Xe| X[Q M» 
4h' O[ Ä̀]N Ŵ"Md\QC 3O êN[I4 eI Wd OdQ M» (INh6 QdGd T[Q] W"9[O WdT[ (IQáF GXù Xe| #íĈC Qd5 M» E] 6' 
êNTíD[ .4 %EUÁ êNTíD[ Xe, \;WM» L\TìN M» %F̂\G4 C4G]4 Wd W^F[O L] å4N[ ;[ W4C[ Xe| %F̂\G4 
W"9[O WdT[ 3O WX] ;[G4[O] 4� W"'X 3O #K"FG Wd OdQ M» %I\Ç 4� WMN ;[GX[\G 3O W"I\Ç 4[ L] K9[T Xh 
W4C[ Xe| L[OC WO4[O Gd OdQ #K"FG 4� \Q. O[ Ä̀]N W"íD[G (RDSO - Research Design & Standards 

Organisation) 4[ 6?G å4N[ Xe| &W Qd5 M» #íĈC êNTíD[ 4h U^e M» %O.@]..W.2. (RDSO) M» (ÇOE[N] 
$\F4[O] 4[ W"I4· 4O4� å4W] 5[W OdQ M» íD[\IC å4N[ ;[ W4C[ Xe|  

L[OC]N $"CåOÈ $G^W"F[G W"6?G (&WOh) 4[ $XME[K[E 412 (SAC) (I'X W"9[O $G^#Nh6 $"C6ÁC L_412 4ü 
\T\L> #B[\QN[" .T" (I4OBD 4� \T4[W CD[ \GM[ÁB 4[NÁ M» 4[NÁOC Xe| L\TìN M» /W] #B[Q] 4h L[OC]N OdQ 4ü 
WL] OdQ6[\tND M» 4[N[Á\ÝTC 4O4� XM #F[GM"T];] 4� L[OC M» \GM[ÁB 3O 4iUQ 4� \T4[W 4� %ÝEhQG 4h 
Ku[T[ Ed I[."6d|  

W"ELÁ#W"ELÁ#W"ELÁ#W"ELÁ#    
1. ;].We>-11 L_ êNTíD[ åOIh>Á, $6íC 2011 

2. ;].We>-11 I].@].%O. åOIh>Á, \WC"KO 2011 

%L[O#%L[O#%L[O#%L[O#    
&W Qd5 4� Qd54 Å] 4�..W.IO]5, (I\GEdU4, .W..G...., We4 3O Å] \TOdÝ2 4WM[O, WM_X \GEdU4, 

.W..W.>].;], .W..G...., We4 4� M[6ÁEUÁG 3O (ÙW[XTFÁG 4� \Q. %L[O] X¾|  
***
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W[M[\;4 .T" (ILhF[ $G#̂Nh6W[M[\;4 .T" (ILhF[ $G#̂Nh6W[M[\;4 .T" (ILhF[ $G#̂Nh6W[M[\;4 .T" (ILhF[ $G#̂Nh6    

íTEdU]íTEdU]íTEdU]íTEdU]    W"4OW"4OW"4OW"4O    M[&ChTdTM[&ChTdTM[&ChTdTM[&ChTdT    Wå4·>Wå4·>Wå4·>Wå4·>    ((((HMC) HMC) HMC) HMC) Ie4�\;"6 C4G]4 4ü 6B̂TÇ[Ie4�\;"6 C4G]4 4ü 6B̂TÇ[Ie4�\;"6 C4G]4 4ü 6B̂TÇ[Ie4�\;"6 C4G]4 4ü 6B̂TÇ[    4[4[4[4[    M_çN["4GM_çN["4GM_çN["4GM_çN["4G    

E]I4 I[>]E[OE]I4 I[>]E[OE]I4 I[>]E[OE]I4 I[>]E[O, , , , FTQ TCÁ4FTQ TCÁ4FTQ TCÁ4FTQ TCÁ4, , , , 4�4�4�4�....K]K]K]K]. . . . êN[WêN[WêN[WêN[W    

$\LNÝC[$\LNÝC[$\LNÝC[$\LNÝC[----    $dW$dW$dW$dW. . . . @]@]@]@]...., , , , $\LNÝC[$\LNÝC[$\LNÝC[$\LNÝC[----    $dW$dW$dW$dW. . . . @]@]@]@]...., , , , '^I #F[G '^I #F[G '^I #F[G '^I #F[G ----    ÊN$̂dW].M;]ÊN$̂dW].M;]ÊN$̂dW].M;]ÊN$̂dW].M;]    
deepakpatidar@sac.isro.gov.indeepakpatidar@sac.isro.gov.indeepakpatidar@sac.isro.gov.indeepakpatidar@sac.isro.gov.in, , , , dhaval@sac.isro.gov.indhaval@sac.isro.gov.indhaval@sac.isro.gov.indhaval@sac.isro.gov.in, , , , kbvyas@sac.isro.gov.inkbvyas@sac.isro.gov.inkbvyas@sac.isro.gov.inkbvyas@sac.isro.gov.in    

ïïïïT[\Q>] $dëNÔÝW Me4�\G4Q å@T]sG T[\Q>] $dëNÔÝW Me4�\G4Q å@T]sG T[\Q>] $dëNÔÝW Me4�\G4Q å@T]sG T[\Q>] $dëNÔÝW Me4�\G4Q å@T]sG / / / / .W.W.W.W. . . . %O%O%O%O. . . . $d$d$d$d....    ((((4430/4422/4681)4430/4422/4681)4430/4422/4681)4430/4422/4681)    

$"CåOÈ M» M[GT 6\C\T\F 4� I9[W TVÁ Wd $\F4 Xh 9̂4� Xe, W[M[\;4 Q[L 3O ÌÚT] IO ;]TG 4ü 6̂BTÇ[ 4[ 
$ÜNNG 4OGd4� \Q. (I'XD 4[ \GM[ÁB å4N[ ;[C[ Xe| $"CåOÈ M» Q6L6 1100 (I'X Xe, ÑN[E[CO L_-WM4[Q]G 
4È[ M» E_OW"9[O WdT[. #E[G 4O OXd X¾|  

$"CåOÈ 5h; ú�[Ø@ M» M[GTC[ 4h .4 $G_?[ 3O (LOC[ IåOId÷N #E[G 4OC[ Xe, XO åEG, $"CåOÈ $ÝTdVB 
åMUG Qh6D 4ü \;É[W[ 4h I_O[ 4OC[ Xe 3O G. %"4td #E[G 4OC[ Xe, \;WWd XM[Od #ëG, XM» (ÇOD 4� 4O]K 
Q[Cd X¾, ;eWd å4 4' TV® Wd I_:d ;[GdT[Qd #ëG : ú�[Ø@ 4ü #4_\C ÊN[ Xe? M[GT;[\C ÊN[ ÌÚT] C4 X] K[ÜN Xe? 

/Wd 4' (E[XOB Xe \;WM» $"CåOÈ É[G Wd W[M[\;4 Q[L ;eWd å4 ;QUhFG #B[Q] Wd 4�ßN_å>"6 #B[Q] C4, WiO 
IdGQh Wd 4�WO DdOI] C4, NX WK $"CåOÈ #iah\64ü M» 5h; 4� IåOB[M Xe| \;WWd WM[; W]Fd CiO IO Q[L[\ÝTC 
�% Xe|  

êNTW[\N4D 4� \Q. (IN^F @d>[ ;eWd å4 W>]4 4_\V, L_ TeÉ[\G4 UhVB, K]M[, W^OÈ[, ET['N[" 3O \U\I"6, ÌÚT] 
$TQh4G O[O[ #[o XhCd X¾| ÌÚT] $TQh4G, ÌÚT] 4� KEQCd M[XhQ 4� K[Od M» MXÙTI_BÁ %"4td #E[G 4OC[ Xe 
3O MeI C4G]4 4h WÙN[\IC 4O4�, (W4[ (INh6 L\TìN M» êN[TW[\N4 $G^#Nh6D 4� \Q. å4N[ ;[ W4C[ 
Xe| ÌÚT] $TQh4G 4' $"COO[ Ä̀]N W"EL® M» ;eWd å4 MiWM 4ü L\TìN T[B], ;QT[N^ IåOTCÁG 3O %IE[ 
\G6O[G] 4� \Q. MXÙTI_BÁ Xe|  

4' W_÷M]4_C (I4OBD 4[ (INh6 ÌÚT] $TQh4G 4� \Q. L_\íDO 4È[ T[Qd (I'XD Md, å4N[ ;[C[ Xe, ;h å4 
Q6[C[O 4TOd; EdCd X¾| #íĈC Qd5 W_÷M]4OB IO %F[åOC #B[\QND IO ÜN[G 41\2C 4OC[ Xe, ;h å4 4M Q[6C 
3O (g IåOB[M T[Qd (I4OB EÈC[ (IQáF 4O[C[ Xe| \;WWd WdT[2! 4h KdXCO CO]4� Wd W"9[\QC å4N[ ;[ 
W4C[ Xe|  

C4G]4ü íD[G["COB, $G^W"F[G 3O \T4[W W"6?G 4� \Q. .4 MXÙTI_BÁ \K"Ê Xe, \;WWd XM[Od (ah6D 4h %6d 
KuGd 4[ Mi4[ åMQC[ Xe| \;W4[ NX W"4O M[&ChTdT Wå4·> (HMC) Ie4�;, .4 (ÇM (EX[OB Xe| NX L[OC]N 
(ah6h! 4h Ku[T[ EdGd Wd #ÙNÈ N[ $#ÙNÈ eI Wd WM[; 4� \Q. MXÙTI_BÁ Xe|  

Ì�L_åM : 

%F̂\G4 (I'XD M» å@\;>Q Ie4�; M» @[Nh@, OdWhGd>O, 4�Id\W>O MÊW %åE W"TdEGU]Q &QdÊ>Äf\G4 7>4D 4h 
M[&Ch\í>ÄI Wå4·> )IO Q6[4O X[&\ú@ M[&ChTdT Ie4�; KG[N[ ;[C[ Xe &WM» W\CN .T" \G\ìCN 7>4D 4[ 
.4ü4OB XhC[ Xe| /Wd X] .4, 64 9eGQ Mux 4� HMC Ie4�; 4[ \GM[ÁB .T" IO]ÈB, W»>M &QdÊ>Äf\GÊW O[O[ 
å4N[ 6N[ \;W4[  &íCdM[Q L\TìN M» %Gd T[Qd IdQh@ 4� \Q. Xh6[| &W Ie4�; 4� \GM[ÁB 4� K[E &W4[ \T\L> 
íCO IO IO]ÈB XhG[ D[| U^�T[C] IO]ÈB 4� EiO[G NX 4�IG ;[!9 M» \TJQ Xh 6N[ D[| NX 50 ;] 4�IG íCO 
IO íJ�CÁ å4N[ 6N[ D[| 6̂BTÇ[ %ëT[WG N["\T4 #L[6 O[O[ &W Ie4�; 4� \Q. \TJQC[ \TëQdVB 4[ W^<[T 

åEN[ 6N[| IO]ÈB 4� IåOB[M 4� %F[O IO \Q@ å@s[&G 4� \Q. W"UhFG 4[ Ŵ<[T åEN[ 6N[| \;W4h WTÁ 
WXM\C Wd íT]4[O å4N[ 6N[| 50 ;] 4�IG IO]ÈB 4� K[E 4hT[O A¦G IO EO[O Ed5] 6' D]| \9T : 1 M» åE5[N] 
6' EO[O Td\ç@"6 Q[&G 4� I[W K̂\GN[E] 4TO M» åE5[' E]| \;W4ü Î\` WdÝ>M &QdÊ>Äf\GÊW 4� �[\Q>] \TL[6 
O[O[ 4ü 6'| NX \TJQC[ z $È M» W[&G IO]ÈB 50g 4� EiO[G �'|  

K̂\GN[E] \TÝN[W: 

HMC Ie4�; '\9T : 2' 4� M^ËN eI Wd Eh 7>4 XhCd X¾|  
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1.  KfÊW   2. \Q@ 4TO 

Ie4�; LQ] L["\C K"E 4O4� \GT[ÁC (TeÊN_M) I[4 4� K[E W]TG Td\ç@"6 C4G]4 Wd K"E å4N[ ;[C[ Xe| W]\Q"6 
#\CN[ $\CN G[&>Äh;G 6eW]N T[C[TOB M» 4ü ;[C] Xe| MfG]>O IO KfÊW 3O Q]@ 4ü Kt] :\T 4[ (INh6 
4O4�, KfÊW )IO \Q@ 4[ 6?K"FG \9M>] 4ü MEE Wd &W COX Wd å4N[ ;[C[ Xe å4 \;WWd \Q@ 412 W"Od\5C 
(W»>ÄQ] $Q[&G ) OXe|  

 

>Äe4 Td\ç@"6 W]\Q"6 #\CN[ 4� EiO[G, KfÊW 3O \Q@ 4� 412 M» (ÝX» KO4O[O O5Cd �. å4N[ ;[C[ Xe| Td\ç@"6 
&QdÊ>Äh@ #9"@ \TâC #T[X (150 to 300 .ãIdNO) 4� W[D Ie4�; 3O \Q@ 4� å4G[OD IO OhQ å4N[ ;[C[ Xe| NX 
\TâC #T[X Ie4�; 3O \Q@ 4� W"I4· \KÝÊ2" 4[ C[IM[G Ku[C[ Xe 3O (G4� \I7QGd Wd EhGD 7>4D 4ü WCX IO 
W]\Q"6 XhC] Xe 3O \Q@ IO Tdç@ \í>9dW KGCd X¾| \Q@ 4ü å4G[O] (¥�;) 4ü Mh>[' Td\ç@"6 4� EiO[G \I7QGdWd 
50% 4M XhC] ;[C] Xe (WdÝ>M O[O[ (IQáF 4O[Nd 6. %"4td)| &W HMC Ie4�; 4[ \TJQC[ \TëQdVB 4OGd 
XdĈ, &W4[ W"O9G[ÙM4 \TëQdVB 3O #Nh6[ÙM4 \TëQdVB å4N[ 6N[|  

 

\TëQdVB[ÙM4 I;\C Wd 6BG[ : 
\Q@ 4� å4G[Od 4ü Mh>[' : 0.05 mm 3O 0.1 mm 

िचW : 2 
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\Q@ 4[ T;G : 6.4 '[M & 6.7 '[M  

\Q@ %N[M (QãK[' 3O 9it[') : 41.05 x 41.05 mm 

\Q@ 4[ M>dåONQ : 4hT[O  
\Q@ 4ü (I; C[4C : 350 ÝN_>G / åMM] 2 
\DNO] 0v ¤dÔW 3O UeQ - W. >]MhU»4h (¤d> 4ü WM[G Mh>[' 4� \Q.) 

$\F4CM CG[T =  

;X[! q = ¤d> 4� 412 M» Qh@ 4ü C]nC[ 50g 4� \Q. 

Y = 0.3 \íDO 

a=b= Q"K[' / 9it[' = 41.05 åMM] 
h = ¤d> 4ü Mh>['  

¤d> 4ü Mh>[' $\F4CM CG[T 

0.05 496.17 ÝN_>G / åMM] 2 
0.1 129.84 ÝN_>G / åMM] 2 

>dKQ >dKQ >dKQ >dKQ : : : : 1111    

\Q@ IO \T4\WC CG[T, (W4ü Mh>[' IO $TQ"\KC Xe ('>dKQ : 1')| 50g 4� \Q. $6O \Q@ 4ü Mh>[' Ê6G] 4ü 
;[. Ch (WWd (ÙI[åEC CG[T 4[ íCO 4hTO 4ü (I; C[4C Wd 4[Jü 4M Xh ;[C[, \;WWd W^OÈ[ M[\;ÁG M» 
&;[J[ XhC[ Xe|  
 

W"O9G[ÙM4 \TëQdVB: 

Ie4�; 4[ W"O9G[ÙM4 \TëQdVB 30g Wd 500g Qh@ Q6[4O å4N[ 6N[| \;WM» Q J�Ê>O >Ä["WåM\W\K\Q>] U[åMQ 
Xe, ;h Ie4�; \TÝN[W 3O \Q@ \í>JGdW 4ü T;X Wd \Q@ IO %C[ Xe| \Q@ 4ü Mh>[' MÜN L[6 M» 0.5 åMM] 3O 
å4G[O] ¥ �; IO CMU# 0.05 åMM] 3O 0.1 åMM] Q] 6' '\9T : 3'| \Q@ IO %GdT[Q[ $\F4CM \TíD[IG T 
$\F4CM CG[T \G4[Q[ 6N[ '\9T : 4'|  

 

                                       
\Q@ 4� å4G[Od 4ü 
Mh>[' \Q@ IO 
$\F4CM \TíD[IG 
T $\F4CM CG[T 

 

CM["4 \Q@ 4� å4G[O 4ü Mh>[' ÙTOB (g) CG[T 4� íCO ÝN_>G / åMM] 2 W^OÈ[ M[\;ÁG 

1 0.05 30 22 15 

 0.1  9 38 

     

2 0.05 40 29.5 11 

िचW : 3 
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>dKQ >dKQ >dKQ >dKQ : : : : 2222    

)IO åEN[ 6N[ '>dKQ : 2' Wd NX íI` Xe å4 500g IO (Q 7>4 = 10 M[G QdCd �. KfÊW 4� CQ IO 50g 4� &ÝÎ> 
íCO 4� W[D) 0.05 åMM] \Q@ 4ü Mh>[' 4� \Q. å@s[&G M[\;ÁG (IQáF GXù Xe| \Q@ 4ü å4G[O Mh>[' 0.2 M[G 

QdCd �., ;h 0.1 C4 W]M Td\ç@"6 4� EiO[G 4M XhC] Xe &W4[ W"O9G[ÙM4 \TëQdVB å4N[ 6N[ 3O \TëQdVB Wd 
W[\KC �% 4� \Q@ 4ü 0.1 åMM] å4G[O 4ü Mh>[', KfÊW 4� CQ IO 50g 4[ íCO <dQ W4C] Xe|  
 

#[4_\C4 %T̀\Ç \TëQdVB : 
#[4_\C4 %T̀\Ç 1763 XÔ;Á I[N] 6' D] '\9T : 5', NX 
#Nh6[ÙM4 \TëQdVB 4� EiO[G IåOB[M WÙN[\IC 4OGd 4� 
\Q. (INh6] �%|  
 

#Nh6[ÙM4 \TëQdVB :  
W"O9G[ÙM4 \TëQdVB 4� K[E, å@;[&G 4� M[\;ÁG 4[ IC[ 
Q6[Gd 4� \Q. 3O &W4� WÙN[IG 4� \Q., 6̂BTÇ[ %ëT[WG N["\T4ü \TL[6 O[O[ Ie4�; 3O \Q@ 4ü 4�IG ;[!9 
4ü 6' '\9T : 6'| \Q@ å4G[O 4ü Mh>[' 0.2 åMM] Q] 6'| \;Wd KfÊW 4� W[D Td\ç@"6 å4N[ 6N[| C[å4 Td\ç@"6 4� 
K[E (W4ü 0.1 åMM] Xh|  

4�IG IO]ÈB MIL STD 883-2007 4� $G^W[O å4N[ 6N[ 3O &W4� \Q. \TUdV #4[O 4� åJÊW9O 4[ L] \GM[ÁB 
å4N[ 6N[ CD[ IO]ÈB W"I> å4N[ 6N[|  
 

\WJ[åOU :  

W"O9G[ÙM4 \TëQdVB 3O IO]ÈB 4� IåOB[M 4� 
%F[O IO \Q@ 4ü å4G[O] (¥ �;) Mh>[' Ku[Gd 4[ 
W^<[T åEN[ 6N[ 3O NX CN å4N[ 6N[ å4, \Q@ 4� 
å4G[O] (¥ �;) 4ü Mh>[' 0.1 åMM] Wd Ku[4O 0.2 

åMM] 4O EdG] 9[åX.|  

(IW"X[O :  
&W (I4OB 4[ (INh6 í4�>We>, ;]%'We> ;eWd 
(I'XD M» å4N[ ;[C[ Xe| \;W4[ M̂ËN (ªdëN %IE[ 
\G6O[G], Md>]åO2Qf\;4Q (INh6 CD[ TeÉ[\G4 
$âN[W 4� \Q. å4N[ ;[.6[|  

&W W_÷M W"4O Wå4·> 4[ (INh6 &ÝWe> Å̀"5Q[T[Qd 
(I'XD M» L] XhC[ Xe, \;G4[ (INh6 E_OW"9[O CD[ 
Md>]åO2Qf\;4Q #Nh6h M» XhC[ Xe|  

$"C M» &W K[C IO ÜN[G 41\2C å4N[ ;[ W4C[ Xe 
å4 &W (I4OB 4[ íTEdU]4OB, \TÇ]N 3O C4üG]4ü EhGD eI M» $"CåOÈ #iah\64ü 4� \Q. MXÙTI_BÁ Xe| 
&W4[ WJQC[ I_TÁ4 IO]ÈB \TëTíCO]N M[G4h! 4� $ĜW[O å4N[ ;[ 9̂4[ Xe 3O &W IO NX 5O[ (CO[ Xe|  

*** 

 0.1  12.3 28 

     

3 0.05 50 36.8 9 

 0.1  15.4 23 

Q 7>4 F[OB[ = 10 

4 0.05 500 360 0.97 

 0.1  247 1.41 

िचW : 5 
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W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6     

IåOU^; >e\I"6 IåOU^; >e\I"6 IåOU^; >e\I"6 IåOU^; >e\I"6 Me4�\GÑMMe4�\GÑMMe4�\GÑMMe4�\GÑM    
PRECISION TAPPING MECHANISM 

%\UV WhG]%\UV WhG]%\UV WhG]%\UV WhG], .Q.Q.Q.Q. . . . W]W]W]W]. . . . 4[\QN[4[\QN[4[\QN[4[\QN[, %G"E I[?4%G"E I[?4%G"E I[?4%G"E I[?4, %O%O%O%O. . . . ;];];];]. . . . \GI[Gd\GI[Gd\GI[Gd\GI[Gd, \;6O 6["F] .T" .9\;6O 6["F] .T" .9\;6O 6["F] .T" .9\;6O 6["F] .T" .9. . . . %O%O%O%O. . . . 4�W[O[4�W[O[4�W[O[4�W[O[ 
W]W]W]W].....M.M.M.M....@]@]@]@]....@]@]@]@]././././.M.M.M.M....W]W]W]W].....M.M.M.M....;];];];]././././.M.M.M.M....''''.....W.W.W.W............ 
$"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 412412412412, &WOh&WOh&WOh&WOh, $XME[K[E $XME[K[E $XME[K[E $XME[K[E  

ashishsoniashishsoniashishsoniashishsoni@@@@sacsacsacsac....isroisroisroisro....govgovgovgov....inininin    

W[O["UW[O["UW[O["UW[O["U 

;]2We> W"9[O G]CL[O 4ü #B[Q] .T" (I-#B[\QND M» N["\T4 .T" &QdÊ>Äh\GÊW W"Td`G 4[ WM[TdU XhC[ Xe| 
N["\T4 W"Td`G 4[ M̂ËN (ªdëN å4W] L] #B[Q] 4� WL] 7>4D 4h &W #4[O WM[4\QC 4OG[ Xe å4 &WWd &W4� 
&`CM 2êNM[G .T" %4[O 4� W[D  -W[D \TëTWG]NC[ L] Ku◌d| W"Td`G M» \K?[Nd ;[GdT[Qd ÑN[E[CO 7>4 
M1.2 4� $\C W_÷M Wd M3 C4 4� %W";4 å4 MEE Wd X] \K?[Nd ;[Cd X¾| NX %W";4 4h \K?[Gd 4� \Q. å@Ä\Q"6 
(:dE \CN[) 4� Ië9[Cj &WM» >d\I"6 \CN[ 4ü ;[C] Xe| NåE >e\I"6 WX] G å4N[ ;[. Ch %W";4 4ü MEE Wd 7>4D 
4h \K?[Gd G[M̂Må4G Xe| %W";4 X] 7>4D 4h W[MÚNÁ .T" (g 4[NÁ\W\; L] #E[G 4OCd X¾| #íĈC Qd5 M» M1.2 
4� $\C W_÷M .T" (WWd ÑN[E[ M[I 4� WX] >e\I"6 4� $\C MXÙTI_BÁ /W] IåOU^; >e\I"6 M]4�\GòM 4� \GM[ÁB, , , , (W4ü 
%TëN4C[, , , , (W4� J[NEd &ÙN[åE 4� K[Od M» KC[N[ 6N[ Xe| IåOU^; >e\I"6 Me4�\GÑM Wd 4M Q[6C M» (ÙI[E4C[ M» 
KuiC] I[' 6' Xe| W[M[ÝN ;G NX C4G]4 I�!9 I[. 3O WL] 4h &W C4G]4 4[ Q[L åMQd &W XdĈ NX 
Me4�\GÑM 4[ C4G]4ü íD[G["COB (Technology Transfer) å4N[ 6N[ Xe|     

    

IåO9N IåO9N IåO9N IåO9N / / / / #íC[TG[#íC[TG[#íC[TG[#íC[TG[ 
N["\T4 W"Td`G M» \T\L> 7>4 4� W"Nh;G XdC^ 
(INh6 å4. ;[Gd T[Qd %W";4 4h \K?[Gd 4� 
\Q. ;fK M» WX] >e\I"6 XhG[ $\C %TëN4 Xe| 
W"9[O G]CL[O 4� W"Td`G 4h \9T 1 M» åE5[N[ 
6N[ Xe, , , , \;WM» \T\L> #4[O 4� %W";4 4[ 
(INh6 å4N[ ;[C[ Xe| ;fK M» :dE 4OGd 4� 
Ië9[Cj (WMd ÷d@ KG[Gd 4ü \CN[ 4h %"CåO4 
>e\I"6 N[ >e\I"6 4X[ ;[C[ Xe| W[M[ÝN eI Wd, , , , 
\;W :dE M» >e\I"6 4OG[ Xh (WM» >e\I"6 3;[O 
(>_Q) 4h ;fK Wd QãK åEU[ M» O54O \GF[ÁåOC 6\C Wd \GF[ÁåOC åEU[ M» 7̂M[N[ ;[C[ Xe 3O >_Q 4� #\C6MG 4� 
\Q. \GF[ÁåOC 6\C Wd \T�; åEU[ M» 7̂M[N[ ;[C[ Xe| #[Nh\64 eI Wd &W \CN[ 4' CO]4� Wd 4ü ;[ W4C] Xe| IO 
W[M[ÝNC# >e\I"6 4� EiO[G ;fK 4h \íDO O5[ 
;[C[ Xe ;Kå4 >e\I"6 >_Q 4h %6d Ku[Cd WMN 
\GF[ÁåOC åEU[ M» 3O >_Q 4� K[XO \G4[QCd WMN 
(W4ü \T�; åEU[ M» 7̂M[N[ ;[C[ Xe| \9T 2 M» 
W[M[ÝN eI Wd 4ü ;[GdT[Q] >e\I"6 \CN[ åE5[' 
6' Xe| áQ[&"@ XhQ N[ ÷_ XhQ M» XíC W"9[\QC 
(MdÝN^$Q) >e\I"6 4� EiO[G >e\I"6 >_Q 4[ QãK 
åEU[ M» XhG[ $\C %TëN4 Xe| &W EiO[G >_Q 4[ 
;4@ ;[G[ N[ >_>G[ W"LT Xe| >e\I"6 4ü 6̂BTÇ[, , , , 
Jü>O 4ü #T]BC[, , , , É[G .T" $G^LT IO %F[åOC 
Xe| W"I_BÁ Q"K[' M», , , , Q"K åEU[ M» IåOI_BÁ >e\I"6 4� 
\Q. IåOU^; >e\I"6 Me4�\GÑM $\C %TëN4 Xe| 

टै�पंग टूल 
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N["\T4 W"Td`G XíC W"9[QG Wd X] (g IåOU^;C[ T[Qd >e\I"6 4� \Q. IåOU^; >e\I"6 Me4�\GÑM 4[ (INh6 å4N[ 
;[C[ Xe| >e\I"6 \CN[ 4� Ië9[Cj X] Xd\Q4h&Q \K?[' ;[C] Xe|     

\9T 3 M» W[M[ÝN �I Wd 4ü ;[GdT[Q] \CN[ 1. :dEG (@Ä]\Q"6) 2. >e\I"6 3O (W4� K[E 3. Xd\Q4h&Q \K?[G[ 
åE5[N[ 6N[ Xe| \9T 4 M» W"Td`G M» (INh6] /Wd \T\L> #4[O .T" M[I 4� %W";4 (M1.2 Wd M4 C4) åE5[. 6. 
X¾|     

    

    

    

    

    

    

    

    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M^ËN XdC^M^ËN XdC^M^ËN XdC^M^ËN XdC ̂

IåOU^; >e\I"6 Me4�\GÑM 4� M̂ËN XdĈ &W #4[O Xe :    
1. M1.2 4� $\C W_÷M >e\I"6 4h IåOI_BÁ 4OG[|     
1. IåOI_BÁ .T" Q"K åEU[ M» IåOU^; >e\I"6 %íTíC 4OG[|     
2. \GF[ÁåOC Q"K['/6XO[' M» >e\I"6 %íTíC 4OG[|     
3. >e\I"6 >_Q 4[ G Ch ;4@ ;[G[ N[ G Ch >_>G[|     
4. $\U\ÈC N[ \KG[ 4WUQC[ #[o 4[O]6O L] &W4[ (INh6 4O W4C[ Xe|     
5. (ÙI[E4C[ M» KuiC]|     

(INh6 .T" Q[L (INh6 .T" Q[L (INh6 .T" Q[L (INh6 .T" Q[L  
IåOI_BÁ, , , , Q"K åEU[ M» .T" IåOU^; >e\I"6 4� \Q. IåOU^; >e\I"6 Me4�\GÑM 4[ (INh6 å4N[ ;[C[ Xe| G]CL[O 4� 
N["\T4 W"Td`G M» XO .4 >e\I"6 4[ Q"K åEU[ M» X] XhG[ $\C %TëN4 Xe| WX] >e\I"6 Wd X] \T\L> 7>4D 4� 
\GF[ÁåOC >h4· (KQ-%F_BÁ), , , , '[("å@"6 .T" W"Od5G 4h %íTíC å4N[ ;[ W4C[ Xe|     

1. छेदन (xEिलंग) 

2. टै�पंग 

3. हिेलकोइल �बठाना 
हिेलकोइल 

िचW िचW िचW िचW 3333 

 1.2 
 1.6  2 
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IåOU^; >e\I"6 Me4�\GÑM 4� (ÙI[E4C[ M» KuiC] I] 6' Xe, , , , ÊN_"å4 &W4� (INh6 Wd 4M #N[W Wd .T" %W[G] Wd >_Q 
Ch I4t[ ;[ W4C[ Xe 3O (Wd ;fK M» IåOU^;C[ Wd 7̂M[N[ ;[ W4C[ Xe| >e\I"6 \CN[ 4� EiO[G XhQ 4� $"EO >_Q 4� 
;4EG .T" >_Q 4� >_>Gd 4h Oh4Gd M» NX Me4�\GÑM (INh6] W[\KC �' Xe|  >e\I"6 Me4�\GÑM 4� (INh6 Wd áQ[&"@ 
XhQ N[ ÷_ XhQ M» \GF[ÁåOC Q"K['/6XO[' C4 >e\I"6 4h %íTíC å4N[ ;[ W4C[ Xe| &W >e\I"6 Me4�\GÑM 4ü WKWd 
5[W K[C NX Xe å4 &Wd \KG[ 4WUQC[ #[o N[ $\U\ÈC 4[O]6O L] &W4[ &íCdM[Q4O W4C[ Xe|     
    

$\C MXÙT I_BÁ K[C$\C MXÙT I_BÁ K[C$\C MXÙT I_BÁ K[C$\C MXÙT I_BÁ K[C:::: 
N["\T4 W"Td`G M» 4' W_÷M .T" $\C W_÷M &QdÊ>Äh\GÊW å@T[&W4[ (INh6 å4N[ ;[C[ Xe| NX å@T[&W N[ 7>4 
M1.2 4� íC� Wd \K?[Nd ;[Cd X¾| M1.2 4� íC� 4h \K?[Gd $\C W_÷M .T" IåOU^; >e\I"6 4� \Q. &W >e\I"6 Me4�\GÑM 
4[ (INh6 \TUdVeI Wd å4N[ ;[C[ Xe| M1.2 4� $\C W_÷M %W";4 Wd \K?[' ;[GdT[Q] å@T[&W .T" (W4ü $ÝN 
7>4D 4� W[D W"6CC[/W"Nh;G \9T 5 M» åE5[N[ 6N[ Xe| M1.2 4� W[D W[D M1.6 .T" M2 ;eWd %W";4 4[ 
#Nh6 L] XhC[ Xe|     

    

    

    

    

    

    

    

    

    

    

    

C4G]4üC4G]4üC4G]4üC4G]4ü    \T\GE¼U \T\GE¼U \T\GE¼U \T\GE¼U **** 

>e\I"6 ÈMC[   : M1.2 Wd M4 C4 3O (WWd L] $\F4    

WMíC M[I   :    345 mm x 300mm x 330 mm    )"9[' 

L̂;[ 4[ áMB  :    360o 

(ÜT[ÁFO WM[Nh;G  : %W[G] Wd 300 mm C4  
Èe\C; WM[Nh;G  : 50 mm 4ü ÅdB] M», , , , MXÇM $"CO 215 mm 

>e\I"6 \CN[   : XíC W"9[\QC    

WMíC L[O   : 9 kg    

>_Q    : #M[\BC >_Q 4[ (INh6 å4N[ ;[ W4C[ Xe     
\TíC[OB]NC[  : Xd\Q4h&Q @[QGd XdĈ .T" (ÜTÁ 9[Q CD[ íGdXG (Q^\ú4�UG) 4� $FÁ-íT9[QG 4� 
\Q.     

* Qd5 4� íT]4_C XhGd IO #íĈC]4OB 4� EiO[G IåOU^; >e\I"6 Me4�\GÑM 4� \9T .T" T]å@Nh åE5[N[ ;[.6[|     

C4G]4üC4G]4üC4G]4üC4G]4ü    íD[G["COBíD[G["COBíD[G["COBíD[G["COB    ((((TechnologTechnologTechnologTechnologyyyy    TransTransTransTransfffferererer))))::::        

@f. \TCM W[O[L[' 4� UáED M» 4X[ ;[. Ch “C4G]4ü W[M[ÝN ;G C4 I�"9G] 9[åX.| &W] K[C 4h ÜN[G M» O5Cd 
�., , , , &W IåOU^; >e\I"6 Md4�\GòM 4[ (INh6 WL] Qh6 4O W4� (W XdĈ, , , , \GF[ÁåOC WåM\C O[O[ &W4[ C4G]4ü 
íD[G["COB å4N[ 6N[ Xe| &WWd 4M Wd 4M å4M"C M» WL] Qh6 &W Me4�\GÑM 4[ Q[L Qd W416d|     

FÝNT[EFÝNT[EFÝNT[EFÝNT[E  

NX Qd5 \Q5Gd 4ü #dOB[ .T" M[6ÁEUÁG 4� \Q. XM[Od 412 4� \GEdU4 MXhEN Å] CIG åMÅ[, .M. '. .W. .. 4� (I 
\GEdU4 Å] .. .M. <[, I].I].;]. '^I .T" XM[Od '^I 4� WL] 4MÁ9[O] 6B 4� XM %L[O] Xe|  

�����
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W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6     

$"CåOÈ $G#̂Nh6D M» .@^$"CåOÈ $G#̂Nh6D M» .@^$"CåOÈ $G#̂Nh6D M» .@^$"CåOÈ $G#̂Nh6D M» .@^We> We> We> We> 4� $ÝC6ÁC 4M Q[6C í>_å@Nh 4� $ÝC6ÁC 4M Q[6C í>_å@Nh 4� $ÝC6ÁC 4M Q[6C í>_å@Nh 4� $ÝC6ÁC 4M Q[6C í>_å@Nh .T".T".T".T"    W\ãM\QC 4�MO[ Å`"5Q[W\ãM\QC 4�MO[ Å`"5Q[W\ãM\QC 4�MO[ Å`"5Q[W\ãM\QC 4�MO[ Å`"5Q[    
FM½2 ChMOFM½2 ChMOFM½2 ChMOFM½2 ChMO, , , , 4�MdO[MeG4�MdO[MeG4�MdO[MeG4�MdO[MeG----@]@]@]@]    

\T4[W .T" Ue\È4 W"9[O N_\G>\T4[W .T" Ue\È4 W"9[O N_\G>\T4[W .T" Ue\È4 W"9[O N_\G>\T4[W .T" Ue\È4 W"9[O N_\G>    

    

.@̂We> \UÈ[ 4� #W[O CD[ #9[O 4� \Q. &WOh 4ü .4 MXÙT[4["È] IåONh;G[ X¾| &Wj Nh;G[ M» K�M[ÜNM W^E_O 
\UÈB O[O[ EdU 4� 4hGd 4hGd \íDC \UÈB W"íD[GD M» \UÈB åEN[ ;[ OX[ X¾| \UÈQ[È] tëN Å[êN 4[NÁCM 
\GM[ÁB .@̂We> 4ü .4 MXÙTI_BÁ 6\C\T\F X¾| (g 6̂BTÇ[ T[Qd .T" UdÈ\B4 4[NÁCM XdĈ $çI êNN T[Qd #W[O 
4È/í>_å@Nh .@^We> 4� $ÝC6ÁC 4[NÁCM \GM[ÁB 4[ .4 MXÙTI_BÁ 7>4 X¾| #íĈC Qd5 M» 4M Q[6C T[Qd #W[O 
4È/í>_å@Nh .T" &W4� $ÝC6ÁC W\ãM\QC 4�MO[ Å̀"5Q[, 4�MO[ 4� M̂ËN 7>4, #4[U êNTíD[ CD[ í>_å@Nh 4ü 
4[NÁ IÜN\C %åE 4� K[Od M» \TíC[O M» ;[G4[O] EdGd 4[ #N[W å4N[ 6N[ X¾|  

#íC[TG[ #íC[TG[ #íC[TG[ #íC[TG[     
%; \UÈ[ 4� ÈdT M» W"9[O #hah\64ü Gd $IG[ .4 \T\U` íD[G KG[ \QN[ X¾| 5[W4O W^E_O \UÈB N[ å@í>»W 
.;_4�UG ;h å4 .4 G' \UÈ[ #B[Q] X», M_Q eI Wd &ÝX] W"9[O 3O W_9G[ C4G]4D IO \GLÁO 4OC] X¾| (I'X 
W"9[O #B[Q] 4� O[O[ ÌÚT] 4� \TU[Q ÈdT M» W"9[O êNTíD[ íD[\IC 4ü ;[ W4C] X» CD[ (I'X W"9[O #B[Q] 4ü 
&W \TUdVC[ 4h \TëT 4� E_OíD íD[GD M» \UÈ[ 4� \Q. CD[ &W4� #W[O 4� \Q. #Nh6 M» Q[N[ ;[ W4C[ X¾| 
\T4[W, \UÈ[ .T" T[C[ÁQ[I 4� \Q. $"CåOÈ #hah\64ü 4[ (INh6 4L] G 5ÙM XhGd T[Q] #\CN[ X¾|  

 

L[OC]N $"CåOÈ \TL[6 
Gd &W 9̂GhC] 4h íT]4[O 
å4N[ X» CD[ WMíC 
L[OCTVÁ M» É[G 4� 
#4[U Wd #W[O XdĈ 
#\CKEFC[ #E\UÁC 4ü X» 
3O I_BÁ eI Wd \UÈ[ 4� 
\Q. WM\IÁC L[OC]N 
(I'X .@̂We> 4ü $"CåOÈ 
M» íD[IG[ 4ü 6'| 
.@̂We> 4[NÁCM .4 
MXÙT4["U] IåONh;G[ 
X¾| &W C"T 4h &W #4[O 
IåO4\çIC å4N[ 6N[ X», 
\;WWd &">O.\Ê>T (Interactive) (I'X %F[åOC E_OíD \UÈ[ C"T 4h EdU 4� \Q. \T4\WC4O W4� CD[ @[NOdÊ>-
>_-XhM (@] .>] ..9.) íCO 4[ #W[OB #E[G4O W4�|  

(I'X W"9[O #B[Q] 4� \UÈB M» (INh6 4� \Q. êN[ËN[C[ $IG[ êN[ËN[G .4 412]N íD[G Wd EdC[ X» CD[ NX 
êN[ËN[G .4 \TU[Q L_-412 4� O[O[ #W[åOC å4N[ ;[C[ X», \;Wd $"CåOÈ M» \íDC (I'X 'XB 4O4� ÎG# ÌÚT] 
4ü 3O T[IW4O EdC[ X¾| &W W"4�C (\W�Q) 4h ÌÚT] 4� \T\L> 412 ;X[! IO (I'X 4È[.! íD[\IC 4ü 6' X», 
'XB 4OCd X» CD[ &W #4[O &G 4È[2" 4[ W"9[QG XhC[ X¾|    

Nd 4È[.! E_OíD 3O WM]I WL] íD[GD IO íD[\IC 4ü ;[C] X», CD[ #ÙNd4 4È[ M» $Gd4 \Ta[Dú &GWd 
Q[L[\ÝTC XhCd X¾|  

ÎOd L[OCTVÁ M» Q6L6 69 >]\9"6 .Ø@, 3000 (I'X $"C\C·N[ÙM4 >åMÁGQ (SIT ) CD[ 30, 000 $\L'[X] 
>åMÁGQ ( ROT ) íD[\IC å4. ;[ 9̂4� X¾|  
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.@̂We> ;eW[ \UÈB 4[NÁCM .4 #L[T] 3O MXÙTI_BÁ 4[NÁCM X», CD[ &WM» 412]N 3O #["C]N \TL[6D 4� O[ Ä̀]N 
íCO IO #N[W %TëN4 Xh6d| &WM» WKWd Kt] 9̂GhC] 4[NÁCM \GM[ÁB ( 4�>»> ;dGdOdWG) M» MXW_W 4ü ;[ OX] X», 
;h \UÈ[\TED 4� O[O[ å4N[ ;[.6[|      

.@̂We> 4� $ÝC6ÁC íD[\IC å4. 6. >]\9"6-.Ý@ M» $Ï:] 6̂BTÇ[ 4� tëN-ÅêN ( Video-Audio ) #[o 4OGd .T" 
UdÈ\B4 4[NÁCM XdĈ .4 #W[O-4È/í>_å@Nh 4ü %TëN4C[ MXW_W 4ü ;[ OX] D], 9̂å4 O[ÑND 4� í4�Q, 4fQd;h 
M» %NêNN4 4ü 4M] XhC] X», $C: TCÁM[G M» &W .@̂We> CÝT M» 4M Q[6C T[Qd #W[O 4È/í>_å@Nh 4ü 
%TëN4C[ MXW_W 4ü 6' 3O &W %TëN4C[ 4ü 4M] 4h I_O[ 4OCd �. \T4[W .T" Ud\È4 W"9[O 412 (@d4�), ;h 
å4 #W[O4È/í>_å@Nh 4[NÁCM 4[ M̂ËN 412-\K"Ê X», Gd .4 4M Q[6C T[Qd #W[O4È/í>_å@Nh 4ü íD[IG[ 4ü|  

#W[O4È#W[O4È#W[O4È#W[O4È////í>_å@Nh í>_å@Nh í>_å@Nh í>_å@Nh     
í>_å@Nh : #W[O-4È| NX ÜT\G .T" C[I \GN"\TC \TUdV 4È XhC[ X» \;WM» åO4hå@Â6 3O &G@hO U_å>"6 4ü ;[C] X¾| 
&WM» 4�MO[, Q[&>, Wd>, M[&4, %åE 4[ I_O[ #K"F OXC[ X¾|  

í>_å@Nh $Q6-$Q6 å4íM 4� QãK[' T 9it[' M» \L> Xh W4Cd X», IO .4 K[C \G\ë9C X», å4 &GMd ÝN_G[\F4 
4[NÁCM KG[Gd 4� (I4OB .4 ;eWd X] Q6d XhCd X¾| ;X[! G]9d Q"Kd-9itd 5^Qd íD[G M» 4�MO[, Wd>, Q[&>, T $ÝN 
MU]G Q6C] X¾|  

@d4� \íDC .@̂We> Mf@Q í>_å@Nh å4 QãK['-9it[' Q6L6 20 Jü> * 18 Jü> X», CD[ &W í>_å@Nh 4� Eh L[6 हr, 
.4 í>_å@Nh ÈdT 3O \GNÝTB 4È|  

í>_å@Nh Wd ;h L] 0å@Nh-T]å@Nh \W�Q ( 
ÅêN-tëN ) FTG] T \9TD 4� eI M» \GNÝTB 
4È Wd #[o XhCd X», (ÝX» 4[NÁCM 4ü 
%Të4NC[G^W[O W]F[ #W[åOC L] å4N[ 
;[C[ X» .T" $"å4C (record) L] å4N[ ;[C[ 
X¾|  

í>_å@Nh 4ü ÜT\G4C[ í>_å@Nh 4ü ÜT\G4C[ í>_å@Nh 4ü ÜT\G4C[ í>_å@Nh 4ü ÜT\G4C[     
ÜT\GM̂Ý2B 4� \Q. í>_å@Nh 4[ ÅTB6̂B ( 
ACOUSTIC ) XhG[ $\C %TëN4 X», \;WWd 
\UÈ4 4ü %T[; \KG[ å4W] #\C-ÜT\G 4� 
%W[G] Wd #W[åOC L] 4ü ;[ W4� .T" 
T]å@Nh->dI M» $"å4C L] 4ü ;[ W4�| &W4� W[D-W[D K[XO] T[C[TOB 4ü ÜT\GN[ L] $"EO G I�!9 W4�, &W (ªdëN 
Wd í>_å@Nh M» \TUdV ÜT\G4Q[ 4[ FN[G O5[ 6N[ X¾|  

í>_å@Nh 4[ JUÁ í>_å@Nh 4[ JUÁ í>_å@Nh 4[ JUÁ í>_å@Nh 4[ JUÁ     
í>_å@Nh M» 3 åMQ]M]>O 4ü I].T].W]. JUÁ \K:[N[ 6N[ X», \;WWd 4�MOd 4[ W"9QG (movement) %W[G] Wd Xh 
W4�|  

@d4� M» íD[\IC .@̂We> Mf@Q í>_å@Nh K�Q IåO9[Q4 #B[Q] IO 4[NÁ 4OC[ X¾| í>_å@Nh C"T Wd åMQGd T[Q[ T]å@Nh 
çhC 4h .@̂We> Gd>T4· 4� W[D W]Fd ;ht[ ;[ W4C[ X¾| &W4� W[D-W[D 4[NÁCM \GM[ÁB #\CN[, \;W4� $ÝC6ÁC 
4[NÁCM 4h T]å@Nh->dI M» $"å4C å4N[ ;[C[ X», 4[ L] #[TF[G &W í>_å@Nh M» å4N[ 6N[ X¾| #W[OB 4� \Q. I_TÁ 
M» $\LQd\5C å4. 6. 4[NÁCMh 4h @].T].@]. ¤NdO 4h çhC 4� eI M» Qd4O #W[åOC å4N[ ;[ W4C[ X¾| &W #4[O 
&W]W í>_å@Nh M» 0G-Q[&G .T" $\LQd5G #B[Q] EhGD 4[ WM[TdU å4N[ 6N[ X¾|  

W]F[ #W[OB CD[ tëN-ÅêN 4h $"å4C 4OGd 4� \Q. í>_å@Nh M» .4 W7G (I4OB #B[Q] 4ü %TëN4C[ XhC] 
है, \;W4� O[O[ 4[NÁCM 4[ WJQC[I_TÁ4 \GT[ÁX å4N[ ;[C[ X¾|  

@d4� 4� .@̂We> Mf@Q í>_å@Nh M» \G>\Q\5C (I4OB Q6[Nd 6. X¾  

1. #h-4�ÑN_MO 4�M-4hEÁO     02   
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2. >Ä['-Ih@        02  

3. M[&ChJhG       03 

4. tëN-M̂Ý2B NÝT       01  
5. ÅêN-M̂Ý2B NÝT       01 

6. íI]4O        01 

7. 4�OdÊ>O ;dGdOd>O       01 

8. .9.@].T]. åO4f@ÁO       01 

9. T].@]...       01 

10. .Q.W].@].      06 

11. í4�G 4GT>ÁO       01 

12. @].T].@].¤NdO       01  
13. >f4-Kd4 C"T       01 

14. @].T].@]. åO4f@ÁO            01 

.@^.@^.@^.@^We> We> We> We> í>_å@Nh 4ü 4�MO[ Å`"5Q[í>_å@Nh 4ü 4�MO[ Å`"5Q[í>_å@Nh 4ü 4�MO[ Å`"5Q[í>_å@Nh 4ü 4�MO[ Å`"5Q[    

T]å@Nh 4�MO[ .4 &QdÊ>Äf\G4 N^\F X», \;W4� O[O[ XM T]å@Nh U_å>"64O W4Cd X¾| &WWd 9Q[NM[G \9T 
&QdÊ>Äf\G4 eI M» IåOT\CÁC Xh4O \Q5d ;[ W4Cd X¾|  

&WM» %F[OL_C O"6D 4� \Q. C]G W].W].@]. Q6d XhCd X¾| NX 4�MOd 50 X;[O 
Wd 10 Q[5 Wd %\F4 4ü O»; M» K[;[O M» (IQáF X¾|  

.@̂We> í>_å@Nh M» Eh 4�MO[ Wd>-$I 4[ #[TF[G å4N[ 6N[ X» \;WM» Eh 
WhG] 4� 4�MOd Q6[Nd 6. X¾| U_å>"6 í>_å@Nh M» KG[Nd 6. We> IO 4ü ;[C] X¾| 
Eh 4�MOd 4� O[O[ XM» $\F4-Wd-$\F4 Uh> M» Wd 9̂G[T 4OGd 4ü :W> åMQC] 
X» 3O tëN-W"Nh;G 4� \Q. XO ."6Q 3O åEU[ 4� Uh> ;htd ;[Cd X¾| &W 
#4[O (I\íDC Qh6D 4h WX] 4TOd; åMQC[ X» 3O XO #4[O 4� Uh> WM[åXC å4. ;[ W4C[ X¾| Uh> M» 3O 
$\F4 \T\L>C[ Q[Gd 4� \Q. >Äe4, @[Q] %åE 4[ #Nh6 XhC[ X», ;h &WM» ;[G J�4Cd X¾|  

4�MOd 4� MË̂N 7>44�MOd 4� MË̂N 7>44�MOd 4� MË̂N 7>44�MOd 4� MË̂N 7>4    

QdÝW QdÝW QdÝW QdÝW     
4�MO[ QdÝW å4W] L] tëN 4� %4[O 4h :h>d, Ktd N[ MÜNM %4[O M» KEQ W4C[ X¾| QdÝW 4ü ÈMC[ \TVN 4ü 
íI`C[ 4h $\LêNF 4OGd M» (INh6] \W; XhC] X¾| 4�MO[ QdÝW $ÊWO å4W] L] tëN 4h 1.5 å@'] ."6Q Wd 360 
å@'] ."6Q åJU %' ."6Q C4 4� %4[O M» U_>4O W4C[ X¾|  
 

  
    

;_M QdÝW ;_M QdÝW ;_M QdÝW ;_M QdÝW     
;_M QdÝW %MCiO IO 3:1 Wd 42:1 N[ &WWd $\F4 $G^I[C 4� XhCd X¾| &ÝX» %I íT"N X[D Wd 2IOd>4O W4Cd 
W4Cd X» N[ K>G EK[4O 0>h 0IOdå>"6 Mh@ IO L] 2IOd>4O W4Cd X¾| &W4h %6d-I]:d 4O4� Uh> 4� %4[O 4h 
7>[-Kt[4O GdOh, M]å@NM 3O T[&@ ."6Q M» KEQ[ ;[ W4C[ X¾|  
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&W4[ #Nh6 Eh #4[O Wd \TVN-TíC^ 4h \G4> Q[Gd N[\G ;_M &G 3O \TVN-TíC^ Wd E_O ;[Gd N[\G ;_M %(> 4� 
eI M» XhC[ X¾| 4�MO[ M» MeG^$Q 3O 0>h ;_M Q6[ XhC[ X», \;WM» Wd XM $IG] ;eOC 4� åXW[K Wd 9NG4O 
W4Cd X¾|   

%&åOW T .ÊWIh;O %&åOW T .ÊWIh;O %&åOW T .ÊWIh;O %&åOW T .ÊWIh;O     
Uh> 4� \Q. XM 4�MOd 4� M̂!X 4h å4CG[ 5hQCd X» 3O å4W $G^I[C C4 Q[&> L]CO ;[Gd EdCd X¾| 4�MOd 4� L]CO 
<[4Gd IO %I Ed5 W4Cd X», .4 KeOQ-W[ KG[ XhC[ X» 3O TX[! %I4h K�C W[Od áQd@h 4[ .4 TCÁ G;O %.6[, 
&Wd “%NåOW” 4XCd X¾| NX QdÝW $IO9O 4h \GN\ÝTC 4OC[ X» 3O W].W].@]. IO ItGdT[Qd #4[U 4h \GN\ÝTC 
4OC[ X¾| &W4h QdÝW 4� E[åXGd Q6] .4 åO"6 4h 7̂M[4O KEQ[ ;[ W4C[ X¾| NX .4 í4�Q X», \;W IO G"KO Q6d 
XhCd X¾| &G4� $ĜW[O %I QdÝW 4� L]CO ;[GdT[Qd #4[U 4� $G^I[C 4h $IG] ;eOC 4� åXW[K Wd KEQ W4Cd 
X¾| /W[ 4OGd Wd Eh GC];d ĈO"C X[D %Cd X» – 

ò. NX #4[U å4 M[T[ 4h \GNåMC 4OC[ X», \;WWd \IÊ9O å4 íI`C[ 3O (W4[ Od5["4G WX] <Q4C[ X¾|  
¡. NX W]G å4 6XO[' (LOGd M» MEE 4OC[ X», \;WWd TíĈ WX] Jh4W M» OXC] X¾|  

Jh4W  

4�MO[ (G WK TíĈ2 4h WX] 3O íI` Jh4W M» åE5[C[ X», ;h &W4ü Jh4Q O»; M» %C] Xh| X[Q[å4 Ed5GdM» 
NX L] %C[ X» å4 4W: G;E]4 3O E_O O5] TíĈ.! WM[G eI Wd Jh4W M» åE5 OX] Xh; IO &G4ü 6XO[' 4� KhF 
M» $Ï:[-5[W[ $"CO íI` G;O %.6[, ;h å4 4W: W»>]M]>O Wd Qd4O $G"C W]M[ C4 Xh W4C[ X¾| NX Jh4W 4� 
ÈdT å4 6XO[' EU[ÁC[ X», \;Wd “@dßD 0J Jüç@” 4XCd X¾| &W] #4[O Jh4W M» %Nd ÈdT 4h, ;X[! C4 å4 XM» 9];» 
íI` Jh4W M» åE5C] X», Jh4Q ÊO] 4XCd X¾|  

\T\L> 4�MO[ ."6Q\T\L> 4�MO[ ."6Q\T\L> 4�MO[ ."6Q\T\L> 4�MO[ ."6Q        

XM >]T] IO Eh %N[M 4ü CíT]O X] Ed5Cd X¾| XM» $Ï:[ Q6C[ X», ;K XM .4 X] CíT]O 4h $Q6-$Q6 4hB Wd 
Ed5Cd X¾| &WWd XM[O] TíĈ 4h $Ï:d Wd Ed5Gd å4 (ÙW^4C[ 3O &Ï:[ U["C XhC] X¾| XM[O] É[Gd\Ý2ND 4ü \;É[W[ 
U["C XhC] X» 3O XM» TíĈ å4 IåOI_BÁC[ 4[ %L[W XhC[ X¾| NX] 4[OB X» å4 XM %N[M KEQ-KEQ4O \T\L> 
."6Q 4� Uh> QdCd X¾| $Ï:[ 4�MO[ ."6Q Uh> 4h $DÁ #E[G 4OC[ X¾|  

T[íCT M» XM Uh> 4h Mh>d ChO IO C]G L[6 M» K[!> EdCd X» – .4 T[&@ ."6Q, \;WM» $\F4-Wd-$\F4 ÈdT % 
W4C[ X»; E_WO[ W[M[ÝN ."6Q, NX 20 Wd 25 å@'] 4[ Uh> XhC[ X» 3O QfÝ6-åM@ N[ åM@ Uh> 4� \Q. #Nh6 å4N[ 
;[C[ X»; C]WO[ GdOh ."6Q Uh> XhC[ X», ;h 5 Wd 10 å@'] 4� K]9 XhC[ X¾| &WM» TíĈ 4h \G4> Wd Ed5 W4Cd X¾|  

     

Uh>Uh>Uh>Uh>    ((((SHOT)SHOT)SHOT)SHOT)        
4�MO[ .4 K[O 5^QGd Wd Qd4O K"E XhGd C4 Uh> 
4XQ[C[ X¾| 4�MOd 4[ u�M \;CG[ $\F4 N[ 4M 
O5[ 6N[ Xh, NX (CG[ X] ÈdT åE5[Nd6[ 3O 
\;W COX 4� ."6Q T W[&s 4[ NX 
Wá;dÊ>/\TVN åE5[Nd6[ TeW[ XM[O[ Uh> 
4XQ[Nd6[| C[ÙINÁ NX å4 4�MO[ $IGd u�M M» 
\;W W[&; 4[ ÈdT EU[ÁC[ X», TX Uh> 4[ åXíW[ 
KGC[ X¾| ;h 4W: u�M 4� L]CO X», KW T[X] Uh> 
4[ $"6 X¾| &W #4[O, XM 4�TQ %TëN4 
TíC^2 4h X] u�M M» U[åMQ 4OCd X¾| u�M 
W"Ĉ\QC 3O W[DÁ4 XhG[ K�C %TëN4 X¾| 
&W4[ MCQK NX å4 u�M M» åE5GdT[Q] XO TíĈ W^W"K; 3O íI` G;O %\B 9[åX.|  
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Uh> 4� #4[OUh> 4� #4[OUh> 4� #4[OUh> 4� #4[O    

Mh>d ChO IO XM Uh> 4h C]G L[6h M» \TL[\;C 4OCd X»- ÊO] 4� \Q. QfÝ6 Uh>, 4M ÊO] 4� \Q. åM@ Uh> 3O 
\G4> 4� \Q. }hW-$I|  

\;W #4[O L[V[ å4 $IG] M[G4 UáE[TQ] XhC] X», \;WWd $ÈO 3O T[ÊN KGCd X», ?]4 TeWdX] \vçM 4� \Q. 
\T;^$Q êN[4OB X», \;W4[ \GM[ÁB Uh>, tëN 3O 7>G[2 Wd XhC[ X¾| &W êN[4OB 4h \TëT íCO IO IX9[G 
åMQ] X» 3O NX \vçM KG[Gd 4[ M[G4 eI F[OB4O 9_4[ X¾| &W4� êNêX[O M» .4 WX;C[ X», \;WWd 4�MO[MeG 
3O \GE¼U4 4[ 4[NÁ W"#dVB]N T WOQ Xh ;[C[ X¾|  

  

>]T] 3O }hW>]T] 3O }hW>]T] 3O }hW>]T] 3O }hW----$I $I $I $I     
>dQ]T];G 4h %MChO IO }hW-$I 4[ M[ÜNM 4X[ ;[C[ X¾| :h>d IOEd IO Ktd T[&@ ."6Q 4� tëN $\F4 
WM]9]G GXù åE5Cd, ÊNDå4 &GMd $ÊWO M̂ËN WÝEdU EK ;[Cd X» 3O 4�TQ .4 Kt[ \TíC[O X] G;O %C[ X¾| 
;Kå4 åM@ 3O }hW-$I Uh> 4[Jü %ÙM]NC[ (L[OCd X» 3O íI` .T" G;E]4 åE5Cd Xe|  

#4[U êNTíD[#4[U êNTíD[#4[U êNTíD[#4[U êNTíD[    ((((LIGHTING)LIGHTING)LIGHTING)LIGHTING)        
%I 9[Xd í>_å@Nh M» U_>4O OXd Xh N[ K[XO Qh4�UG IO, %I4ü 4[NÁCM 4ü WJQC[ M» #4[U êNTíD[ 4ü \TUdV 
L_åM4[ OXC] X¾| NX \TVN-TíC^ 4ü íI`C[, O"6, KG[T>, QÈB .T" L[T – L"\6C[ 4h (L[OGd M» MEE 4OC] X¾|  

 

  

#4[U êN\F, TíC^, íD[G, 4ü íI`C[ #E[G 4OC[ X», 3O &ÝX» XM[O] MG:\íD\C 4� \Q. íT]4[NÁ N[ $íT]4[NÁ 
KG[C[ X¾| XM[O[ MG ;X[! $G^4�Q #4[U êNTíD[ G XhGd 4ü \íD\C Wd (ÙI> $íI` 3O 5"å@C \9TD Wd \5> 
Xh4O e\9 5h EdC[ X», TX] íI` 3O WX] W"ELÁ M» #4[\UC \9T XM» %4VÁ4, W^ÝEO .T" Oh94 Q6Gd 4� 4[OG 
XM[O[ ÜN[G $IG] 3O 5]9d O5Cd X¾|  

4�MO[ XM[O] %!5 å4 COX åE5C[ Ch X», IO XhC[ GXù X¾| ;X[! XM $IG] %!5D Wd $IGd %W-I[W 4[ WM' 
IåOtëN \T%N[M] eI M» Ed5Cd X¾| TX] 4�MO[ .4 WI[> tëN LO Ed5 IC[ X¾| 4�MO[ O"6D 4[ #[4_\C4 O"6[O"6 
\TF[G TeWd GXù Ed5C[ ;eWd å4 XM ĈO"C %!5 5hQCd X] Ed5 I[Cd X¾| X[Q[å4 %;4Q $\C W_÷M (I4OGhT[Qd 
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4�MOd 9å4C 4OGdT[Qd IåOB[M EdCd X»; IO &G4� \Q. L] #4[U 4h êNT\íDC 4OG[ %TëN4 X», ÊNDå4 Nd #4[U 
4h &\Ï:C eI M» W"Ĉ\QC 3O $\LêNF GXù 4O I[Cd|  

#4[U O"6D 4h #4> 4OC[ X¾| &WM» .4 #\CN[ 4[M 4OC] X¾| #4[U 4� M_Q O"6D M» Q[Q, XO[ 3O G]Q[ X¾| Nd 
$ÝN W[Od O"6D 4� W[D åMQ4O G[G[ #4[O 4� 6^Q \5Q[Cd X¾| .4 O"6]G \vçM KG[Gd M» 4�MO[ QdÝW &Md6 4h .4 
;eW] C]G #B[\QND M» \TLF 4O4� 6̂;[O EdC[ X», NX[! O"6]G åJç>O W]G M» O"6D 4[ $"U-\TëQdVB 4OC[ X» 3O 
CÙW"K; Q[Q, XO[, I]Q[ T]å@Nh \WÌQG (ÙI> 4OC[ X¾| Nd \W�Q >]T] We> N[ Mh\G>O M» #\C\CN[ 4O4� O"6D 
4h &W #4[O W"Nh\;C 4OCd X» å4 Nd %IW M» 7̂Qd-åMQd åE5Cd X¾|  

4�MO[ TíĈ \TUdV 4h Ed5C[ X¾| 4�MO[ &W TíĈ IO \6O OX] OhUG] Wd (ÙI> O"6/4QO C[IM[G 4� $G^I[C Wd TíĈ 
4� O"6, %4[O T KG[T> 4[ W"É[G QdC[ X», TíC^ $IG] #4_\C 3O 4QO C[IM[G 4� $G^W[O 4W: O"6 ;ÑK 4OC] 
X» 3O 4W: \:>4 EdC] X¾| ;h O"6 ;ÑK XhCd X», Td åE5Cd GXù X» 3O ;h ;ÑK GXù Xh I[C[, TX (W TíĈ 4[ O"6 
4XQ[C[ X¾| &W #4[O, XM Ed5 W4Cd X» å4 4�MOd 4� I]:d 4' CÙT 4[M 4OCd X», XM[O] %!5D 4ü COX NX ;W-
4[-CW GXù Ed5C[| XM[O] %!5d íTC"T eI Wd \KG[ å4W] K[XO] MEE 4� å4W] tëN 4h ĈO"C XM[Od W[MGd #íĈC 
4OC] X»; IO 4�MOd M» NX 4[M .ÊWIh;O 4Ø>ÄhQ 4ü MEE Wd .T" $ÝN #4[U %åE 4h \GN"\TC 4O4� X] XhC[ X¾|  

í>_å@Nh M» Q[&ÔW CO[J� 3O í>¾@ IO L] Q6] XhC] X¾| 
CO[J� å4 Q[&ÔW4h %W[G] Wd E[.!-K[Nd 3O )IO-
G]9d å4N[ ;[ W4C[ X¾| #4[U å4 êNTíD[ 4� K[E 
ÜT\G .4 MXÙTI_BÁ \TVN X», \;W IO ;hO åEN[ ;[C[ 
X¾| ÜT\G (I4OBD 4h í>_å@Nh M» 4�MO[, M[&4, QdIQ, 

4f@ÁQdW %åE 4� O[O[ T].>].%O. M» Q6d 0å@Nh 
åMÊWdO 4� M[ÜNM Wd T]å@Nh åO4f@ÁO 4� W[D ;ht[ 
;[C[ X¾|  

I].W].%O. .4 /W[ 4È X», ;h %MChO IO í>_å@Nh 4� 
.4 COJ W>] E]T[O 4� )IO KG[ XhC[ X», NX[! Wd 
í>_å@Nh M» Xh OX] XO 6\C\T\F IO GsO OXC] X¾| í>_å@Nh ¥hO 4[ W[O[ ÈdT %W[G] Wd Ed5[ ;[ W4� &W4� \Q. 
í>_å@Nh å4 COJ Kt[ U]U[ Q6[ XhC[ X¾|  

    

I].W].%O. M» L[O]-LO4M MU]GD 4[ ;M[Tt[ XhC[ X¾| &WM» Q6] XO MU]G 3O (WIO 4[M 4OGdT[Qd XO êN\F 
4[ #h@ÊWG 4ü WJQC[ N[ $WJQC[ M» MXÙTI_BÁ Nh6E[G OXC[ X¾|  

¥hO IO 4[M4O OXd XO 4�MO[M»G 4[ W]F[ W"I4· IdGQ IO Ke?d \GE¼U4 Wd >f4-Kd4 êNTíD[ Wd ;̂t[ XhC[ X¾| &W4� 
O[O[ \GE¼U4 4�MO[M»G 4h T["\:C Uh> EdGd 4[ \GE¼U EdC[ X¾|  

.@̂We> M» M̂ËNC# #dW»>O %F[åOC 4[NÁCM \;WM» \UÈ4 $IG[ êN[ËN[G, :[T-:[T[2 4� WãM̂5 KN[G 4OC[ X¾| 
WL] EUÁ4D 4h Q6C[ X» 4ü \UÈ4 (ÝX» X] Ed5 OX[ X¾| /W[ \UÈ4 4� Q6[C[O 4�MOd M» Ed5Gd 4� 4[OB XhC[ X¾| 
.@̂We> í>_å@Nh M» M"9 IO .4 W[D C]G QD6h 4h Ke?[4O 4[NÁCM 4[ W"9[QG å4N[ ;[ W4C[ X¾|  
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\UÈ4 W[O[ 4[NÁCM $4�Qd #íĈC4O OX[ Xh Ch (Wd .4 íD[G IO 5t[ N[ Ke?[4O (W4� I]:d .4 G]Q[ N[ XO[ 
IE[Á @[Q4O, (W4� \T\L> Uh> ;h å4 \TVN Wd WãK"\FC Xh, Qd4O U_å>"6 I_O] 4ü ;[C] X», K[E M» ChM[å4Nù6 Wd 
4h' L] Kd4@ÄfI We> 4O4� ."4O 4h åE5[N[ ;[C[ X¾|  

.@̂We> M» W]F[ #W[OB 4� W[D-W[D $"å4C å4. �. 4[NÁCM 4h L] #W[åOC å4N[ ;[C[ X¾| &G 4[NÁCM 4� 
\GM[ÁB 4ü .4 #\CN[ XhC] X¾| &WM» WKWd IXQd .4 \T9[O 4ü %TëN4C[ XhC] X¾| \T9[O I[�4MÁ Wd W"ãK\FC, 

Oh94 3O :[T-:[T[2" M» (ÙW^4C[ .T" e\9 ;6[GdT[Q[ XhG[ 9[åX.| \T9[O 4[ \TíC[O W"4çIG[ M» XhC[ X», &WM» 
XM \T9[O 4� $TNTh 4h ;htGd 4[ #N[W 4OCd X¾| %Qd5 (script) M» XM \T9[O, W"4çIG[ .T" IåO4çIG[ 4[ 
\TíC[O 4OCd X¾|  

 

     

>d\Q\TsG 4[NÁCM \GM[ÁB M» K�C Wd CÙT .4 W[D ;^td XhCd X¾| %Qd5 4� $G^W[O 4[NÁCM 4[ :[N["4G å4N[ 
;[C[ X», CÙIë9[C &Wd W"4\QC å4N[ ;[C[ X» \;WM» XM .G]MdUG, Mç>]M]å@N[, FTG] #L[T %åE 4[ (INh64O 
4[NÁCM 4h $"\CM eI EdCd X», 3O EUÁ4D C4 I�9[N[ ;[C[ X¾|  

(IW"X[O(IW"X[O(IW"X[O(IW"X[O        
\UÈ[ å4W] L] O[ Ä̀ 4� \T4[W 4ü O]@ X¾| &Wd W[M[\;4 IåOTCÁG .T" 9dCG[ 4[ $M_çN M"T M[G[ ;[C[ X¾| \UÈ[ 
4h å4W] L] O[ Ä̀ 4ü WáWdWKWd Kt] W^OÈ[ 4[ M[IE"@ M[G[ ;[C[ X¾| å4W] L] \T4[W M» \UÈ[ 4ü $XM L_åM4[ 
XhC] X¾| %; \UÈ[ 4[ W[TÁLiM]4OB \T4[WU]Q EdUh 4ü U]VÁíD #[DåM4C[ X¾| Qdå4G L[OC ;eWd \TU[Q EdU M», 
;X[! $Gd4 #4[O 4ü L[V[.! KhQ] ;[C] X» CD[ ;X[! ;GW!ËN[ \TU[Q L_6h\Q4 E_åOND M» J�YQ] Xh T[XG 4� \Q. 
.@̂We> 4[NÁCM K�C MXÙTI_BÁ 3O Q[L4[O] \W; Xh W4C[ X¾|  

/W] %U[ X» 4ü NX 4[NÁCM \UÈB WdT[2 M» MXÙTI_BÁ Nh6E[G #E[G 4Od6[| &W #4[O 4� 4[NÁCMh M» (I'XD 
3O W_9G[ #hah\64ü 4ü $XM L_åM4[." XD6]| (I'X 6̂BTÇ[I_BÁ \UÈ[ #E[G 4OGd 4ü ÈMC[ O5GdT[Qd UXO] 
W"íD[GD, \TU[Q W"ËN[ M» '[M]B ÈdTD 4� K]9 4h>d\Ê>\T>] #E[G4O W4Cd X¾| \UÈ[ 4� #W[O M» WX[N4 XhGd 4� 
W[D-W[D (I'X W"9[O C"T '[M]B 3O W^E_O ÈdTD M» É[G 4� #W[O M» MXÙTI_BÁ \TVNh, ;eWd- íT[íÚN, íTÏ:C[ 3O 
êN\FÙT \T4[W M» L] $IG[ \T\U` Nh6E[G Ed W4Cd X¾| .@̂We> 4[NÁCM T9̂Á$Q }[WeM W"4çIG[ 4[ #Nh6 
4Od6[ CD[ &W4� O[O[ W^E_O '[Mh 4� Kgh 4h (g \UÈ[ M» L] NX Kt[ (INh6] \W; Xh6[|  
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%F̂\G4 WM[; 4h W_9G[ WM[; 4ü W"É[ E] 6' X¾| %F̂\G4 C4G]4�, ;eWd – 4�ßN_>O C4G]4, W"9[O C4G]4 
3O M]å@N[ C4G]4 4[ #Nh6 .4 2O W_9G[ 4� ;GOdUG, W"9NG, #hWd\W"6 3O \TíCOB 4� \Q. å4N[ ;[ OX[ 
X» Ch E_WO] 2O &W4[ (INh6 \W5[Gd 4ü #\CN[ M» .T" #\UÈB 4ü #\CN[ M» ( 4È[ 4� $"EO L] CD[ 4È[ 4� 
K[XO Lh6h\Q4 t\` Wd I�!9 4� K[XO 4� ÈdTD M» É[G 4h J�Q[Gd M» ) GNd-GNd IåOTCÁG 4h ;ÝM Ed OX[ X¾|  

 EdU M» íD[\IC .@̂We> Gd>T4· CD[ %Gd T[Qd G. Gd>T4· M» &W G. Mf@Q í>_å@Nh 4ü íD[IG[ 4ü ;[ W4�6], 
\;W4� O[O[ tëN-ÅêN 4� W[D-W[D ChM[-4ü, 4[NÁCM $\LQd5G (RECORDING) .T" W]Fd #W[OB %åE 4ü 
W^\TF[ @].T].@]., @].T].4�M, @].T]. %åE M» #[o Xh6]|  

W"ELÁ:- 

7. .@̂We> Mf@Q í>_å@Nh Î\íC4[, \;Wd @d4�-&WOh O[O[ CeN[O å4N[ 6N[|  

8. ">d\Q\TsG 4[NÁCM \GM[ÁB #\CN[" Qd54- $Uh4 ;dQ5[G], MX[O[; U[X|  

9. .W.G@]6] (SNDG), @d4� Wd #[o %!4td|  

 

*** 
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W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6     

DatDatDatDat    DataDataDataData    DataDataDataData    MiWM (I'X MiWM (I'X MiWM (I'X MiWM (I'X &ÝWe>&ÝWe>&ÝWe>&ÝWe>----3333@]@]@]@]    3O 4çIG[3O 4çIG[3O 4çIG[3O 4çIG[    4[4[4[4[    T[íC\T4T[íC\T4T[íC\T4T[íC\T4    4[Q 4[Q 4[Q 4[Q kaalkaalkaalkaal    %F[OK¾@%F[OK¾@%F[OK¾@%F[OK¾@    

@[>[ $\F'XB@[>[ $\F'XB@[>[ $\F'XB@[>[ $\F'XB, , , , \TëQdVB 3O åO\TëQdVB 3O åO\TëQdVB 3O åO\TëQdVB 3O åOIh>Á ;GGIh>Á ;GGIh>Á ;GGIh>Á ;GG    
 (RealReaReal Time Baseband Data Reception, Analysis and Report Generation of 

Meteorological Satellites INSAT-3D and Kalpana) 

 OhåXC 4WM[O 

I]W].WT]@]/Wd@[/Wd4 

1111. . . . W[O["UW[O["UW[O["UW[O["U    
#íĈC Qd5 M» L_\íDO MiWM (I'X &ÝWe>-3@] 3O 4çIG[ 4[ T[íC\T4 4[Q %F[OK¾@ @[>[ $\F'XB 3O 
\TëQdVB 4� K[Od M» TBÁG å4N[ 6N[ Xe| EhGD X] MiWM (I'X, MiWM W"K"F] ;[G4[O] 4� \Q. $ÙN"C X] MXöTI_BÁ 
X¾| &W\Q. &G4� íT[íÚN #[9Q 4[ \GO"CO Mh\G>åO"6 ;eO] Xe| &ÝWe>-3@] 4� @[>[ $\F'XB, \TshleshanëQdVB 
3O åOIh>Á ;GG 4� \Q. Wfà>TdNO QdKêN_ (LabVIEW) M» KG[N[ 6N[ Xe ;Kå4 4çIG[ 4[ @[>[ \TëQdVB 3O 
åOIh>Á ;GG WTÁO Wd @[>[ Qd4O QdKêN_ M» å4N[ 6N[ Xe| &ÝWe>-3@] 4� \Q. Ee\G4, M[\W4 @[>[ 3O 4çIG[ 4� 
\Q. M[\W4 3O T[\VÁ4 @[>[ 4[ \TëQdVB å4N[ 6N[ Xe| &W]#4[O &G4[ åOIh>Á L] Wfà>TdNO Wd Ee\G4, M[\W4 
3O T[\VÁ4 4[Q M» ;GG å4N[ ;[C[ Xe| WL] $êQh4hGh 4h WMdå4C4O WãK\ÝFC IåONh;G[ 4h 'MdQ Wd W_\9C 
å4N[ ;[C[ Xe 3O M[\W4 .T" T[\VÁ4 åOIh>Á 4h TdE["U (C4G]4ü) M» $IQh@ å4N[ ;[C[ Xe|  

2222. #íC[TG[ #íC[TG[ #íC[TG[ #íC[TG[     
&ÝWe>-3@] M» Eh MiWM #E[NL[O X¾: &Md;O 3O W[(Ý@O, &G4ü @[>[ $\F'XB 6\C CMU: 4 Md6[\KÔW 3O 40 
å4Qh\KÔW #\C Wd4�@ Xe| 4çIG[ M» T].9%O%O #E[NL[O Xe, \;W4[ @[>[ $\F'XB 6\C Xe, 526.5 å4Qh\KÔW 
#\C Wd4�@. @[>[ $\F'XB 4� M_Q A[!9d 4h \GãG %Od5 Wd EU[ÁN[ 6N[ Xe:  

 

 

 

 

 

 

\9T CM["4 : 1 &Md;O 3O W[(Ý@O 4� \Q. @[>[ $\F'XB 

 

    

QdKêN_ IåO9NQdKêN_ IåO9NQdKêN_ IåO9NQdKêN_ IåO9N    

QdKêN_ .4 %Od5]N #h'[åM"6 L[V[ Xe \;WM» 4h@ 4h I"\F M» \Q5Gd 4� K;[N \9T (icons) 4[ (INh6 4OCd X¾| 
&WM» Eh L[6 XhCd X¾: W[MGd 4[ L[6 (Front Panel) 3O áQf4 %4_\C (Block Diagram)| QdKêN_ M» XM #NhF[ 
(user) W"I4· (interface) W[MGd 4� L[6 M» 4OCd X¾ 3O &W4h \GN"TB (control) 4OGd 4� \Q. 4h@, \9T 4� 
M[ÜNM Wd áQf4 %4_\C M» \Q5Cd X¾| QdKêN_ #h'[M 4h XM 4[çI\G4 NÝT (Virtual Instrument) L] 4XCd X¾ 
ÊNDå4 Td åE5Gd M» T[íC\T4 NÝT 4ü COX #C]C XhCd X¾| QdKêN_ .4 WOQ #h'[åM"6 L[V[ Xe \;WM» %W[G] Wd XM 
\9TD 4[ (INh64O Wfà>TdNO KG[ W4Cd X¾| @[>[ $\F'XB 4� \Q. &W4[ (INh6 4[Jü XhC[ Xe|  

3333. . . . &ÝWe>&ÝWe>&ÝWe>&ÝWe>----3333@]@]@]@]    &Md;O 3O W[(Ý@O&Md;O 3O W[(Ý@O&Md;O 3O W[(Ý@O&Md;O 3O W[(Ý@O    4[ @[>[ 4[ @[>[ 4[ @[>[ 4[ @[>[ $\F'XB Wfà>TdNO$\F'XB Wfà>TdNO$\F'XB Wfà>TdNO$\F'XB Wfà>TdNO    

&ÝWe>-3@] &Md;O 3O W[(Ý@O Wd kaa T[íC\T4 4[Q %F[OK¾@ @[>[ Gd>T4· (>]W]I]/%'I]) 4� ;åONd WTÁO Wd 
$\F6̀X]C å4N[ 6N[ Xe| @[>[ $\F'XB 4� \Q. Wfà>TdNO QdKêN_ M» \Q5[ 6N[ Xe| M̂ËN @[>[ $\F'XB 4� \Q. 
KJO (%4[O :20), ÊN_ (Queue) 4� M[ÜNM Wd KG[N[ 6N[ Xe| NX KJO %Gd T[Qd @[>[ Wd LOC[ Xe \;W4h ÌQhKQ 
9O (Global Variable) M» (INh6 4OCd X¾| (INh6 XhGd 4� K[E NX 5[Q] å4N[ ;[C[ Xe 3O ÎG# $6Qd @[>[ Wd 
LO[ ;[C[ Xe| &Wd \GãG %4_\C Wd åE5[N[ 6N[ Xe: 

एलएनए 

+ 

अिभिनVन 

प�रवित8त 

एफएसदानी  

डाटा अिधfहन  

 लेब)यू से, सव8र  

�वमादलुक 
�बट 

तुqयाकालक  

टEसीपी/आईपी 

डाटा �वcेषण और 0वत: 

�रपोट8 जनन लेब)यू से 
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\9T CM["4 \9T CM["4 \9T CM["4 \9T CM["4 : : : : 2222    QdKêN_ M» @[>[QdKêN_ M» @[>[QdKêN_ M» @[>[QdKêN_ M» @[>[    $\F'XB 4ü $\F'XB 4ü $\F'XB 4ü $\F'XB 4ü áQf4áQf4áQf4áQf4    %4_\C%4_\C%4_\C%4_\C    

 

$K &W ÌQhKQ 9O (Global Variable) Wd @[>[ 4h #E[NL[O W"eI 4� $G^W[O (Wd E_OåM\C, \9T %åE M» $Q6-
$Q64O åEN[ ;[C[ Xe| &G #[9QD (Parameters)PPParP 4h $\LN["\T4ü &4[' M» KEQ[ ;[C[ Xe 3O $Q6-
$Q6 ‘%Od5]N #NhF[ $"CO[\G4’ (GUI) M» #E\UÁC å4N[ ;[C[ Xe| #[9QD 4[ \GãGCM, MÜNM 3O $\F4CM 
M[G \G4[Q[ ;[C[ Xe 3O (Wd '[J Wd L] #E\UÁC å4N[ ;[C[ Xe| ‘%Od5]N #NhF[ $"CO[\G4’ (GUI), #NhF[ 
$G^4�Q Xe, \;WM» #[9QD 4ü EU[ .Q'@] (LED) Wd #E\UÁC 4ü 6' Xe| W[(Ý@O 4� \Q. \GãG %Od5 åE5[N[ 6N[ 
Xe: 

 

  

\9T CM["4 \9T CM["4 \9T CM["4 \9T CM["4 : : : : 3333    W[(Ý@O 4[ M^ËN @[>[ #EUÁGW[(Ý@O 4[ M^ËN @[>[ #EUÁGW[(Ý@O 4[ M^ËN @[>[ #EUÁGW[(Ý@O 4[ M^ËN @[>[ #EUÁG         \9T CM["4 \9T CM["4 \9T CM["4 \9T CM["4 : : : : 4444    W[(Ý@O 4[ #[9QW[(Ý@O 4[ #[9QW[(Ý@O 4[ #[9QW[(Ý@O 4[ #[9Q 

 

&G $Q6 å4. 6. #[9QD 4h åEG (24 7">d) 4� åXW[K Wd J[&Q M» W"'åXC å4N[ ;[C[ Xe| åOIh>Á ;GG 3O 
\TëQdVB Wfà>TdNO KG[N[ 6N[ Xe ;h .4 J[&Q I_O] \Q5 ;[Gd 4� K[E QdKêN_ 4� ‘åOIh>Á ;GG’ >_Qå4> Wd íTC: 
åOIh>Á KG[C[ Xe| NX åOIh>Á T@Á (Microsoft Word) M» Ee\G4 W"'åXC XhC[ Xe| &Md;O 3O W[(Ý@O 4� \Q. Ee\G4 
åOIh>Á $TQh4GD 4� W[D 4� W[D IåONh;G[ 4h Ld;] ;[C] Xe| W"'åXC @[>[ J[&Q M» Wd M[\W4 3O T[\VÁ4 åOIh>Á 
L] Wfà>TdNO 4ü MEE Wd KG[' ;[C] Xe|  
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4444. . . . &ÝWe>&ÝWe>&ÝWe>&ÝWe>----3333@]@]@]@]    &Md;O 3O W[(Ý@O&Md;O 3O W[(Ý@O&Md;O 3O W[(Ý@O&Md;O 3O W[(Ý@O    4[ @[>[ \TëQdVB 3O IåOB[M4[ @[>[ \TëQdVB 3O IåOB[M4[ @[>[ \TëQdVB 3O IåOB[M4[ @[>[ \TëQdVB 3O IåOB[M    

&ÝWe>-3@] &Md;O 3O W[(Ý@O 4� E_OM]\C 3O tëN #[9QD 4[ \TëQdVB å4N[ ;[C[ Xe| &W4� \Q. \GãGCM, 

MÜNM 3O $\F4CM M[G \G4[Q[ ;[C[ Xe 3O (Wd '[J Wd L] #E\UÁC å4N[ ;[C[ Xe| &G4ü WMN 4[Q M» #T̀\C 
L] Ed5] ;[C] Xe| 

.4 åEG.4 åEG.4 åEG.4 åEG    ((((24242424    7">d7">d7">d7">d) ) ) ) M» M» M» M» #[9QD#[9QD#[9QD#[9QD    4[ #EUÁG4[ #EUÁG4[ #EUÁG4[ #EUÁG    ((((&Md;O 4� \Q.&Md;O 4� \Q.&Md;O 4� \Q.&Md;O 4� \Q.))))    

 \9T CM["4\9T CM["4\9T CM["4\9T CM["4::::5555    &Md;O 4� áQe4&Md;O 4� áQe4&Md;O 4� áQe4&Md;O 4� áQe4Kf@]Kf@]Kf@]Kf@]1111    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G                        \9TCM["4\9TCM["4\9TCM["4\9TCM["4::::6666    &Md;O 4� a\̂CN EIÁB4TO 4[ C[&Md;O 4� a\̂CN EIÁB4TO 4[ C[&Md;O 4� a\̂CN EIÁB4TO 4[ C[&Md;O 4� a\̂CN EIÁB4TO 4[ C[IM[G IM[G IM[G IM[G     
    

.4 åEG.4 åEG.4 åEG.4 åEG    ((((24242424    7">d7">d7">d7">d) ) ) ) M» M» M» M» #[9QD#[9QD#[9QD#[9QD    4[ #EUÁG4[ #EUÁG4[ #EUÁG4[ #EUÁG    ((((W[(Ý@O 4� \Q.W[(Ý@O 4� \Q.W[(Ý@O 4� \Q.W[(Ý@O 4� \Q.))))    

 

\9T CM["4\9T CM["4\9T CM["4\9T CM["4::::7777    W[(Ý@O 4� áQe4W[(Ý@O 4� áQe4W[(Ý@O 4� áQe4W[(Ý@O 4� áQe4Kf@]Kf@]Kf@]Kf@]1111    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G        \9T CM["4\9T CM["4\9T CM["4\9T CM["4::::8888    W[(Ý@O 4� a\̂CN EIÁB4TO 4[ C[IM[GW[(Ý@O 4� a\̂CN EIÁB4TO 4[ C[IM[GW[(Ý@O 4� a\̂CN EIÁB4TO 4[ C[IM[GW[(Ý@O 4� a\̂CN EIÁB4TO 4[ C[IM[G 

 

 

.4 M[X M» .4 M[X M» .4 M[X M» .4 M[X M» #[9QD#[9QD#[9QD#[9QD    4[ #EUÁG4[ #EUÁG4[ #EUÁG4[ #EUÁG    ((((W[(Ý@O 4� \Q.W[(Ý@O 4� \Q.W[(Ý@O 4� \Q.W[(Ý@O 4� \Q.))))    

 

\9T CM["4\9T CM["4\9T CM["4\9T CM["4::::9999    W[(Ý@O 4� W[(Ý@O 4� W[(Ý@O 4� W[(Ý@O 4� áQe4áQe4áQe4áQe4Kf@]Kf@]Kf@]Kf@]1111    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G    ((((.4 M[X M».4 M[X M».4 M[X M».4 M[X M»))))    

5555. . . . 4çIG[4çIG[4çIG[4çIG[    
4çIG[ (I'X 2002 M» #:d\IC å4N[ 6N[ D[| NX $L] L] MiWM L\TìNT[B] M» $XM L_åM4[ \GL[ OX[ Xe| NX 
$IGd ;]TG4[Q Wd ÑN[E[ 4[M4O OX[ Xe| &W\Q. &W4� @[>[ 4[ \TëQdVB KdXE ;eO] Xe| 4çIG[ 4[ 
kaal%F[OK¾@ @[>[ WTÁO Wd \QN[ ;[C[ Xe 3O QdKêN_ (LabVIEW) M» \TëQdVB å4N[ ;[C[ Xe| 4çIG[ 4� M[\W4 
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3O T[\VÁ4 @[>[ 4[ \TëQdVB å4N[ 6N[ Xe| &G åOIh>Á 4h WãK"\FC IåONh;G[ 4h 'MdQ Wd W_\9C å4N[ ;[C[ Xe 
3O TdE["U-C4G]4ü IO L] $IQh@ å4N[ ;[C[ Xe|  
 

.4 åEG.4 åEG.4 åEG.4 åEG    ((((24242424    7">d7">d7">d7">d) ) ) ) M» tëNM» tëNM» tëNM» tëN    #[9QD#[9QD#[9QD#[9QD    4[ #EUÁG4[ #EUÁG4[ #EUÁG4[ #EUÁG    ((((&Md;O 4� \Q.&Md;O 4� \Q.&Md;O 4� \Q.&Md;O 4� \Q.))))    

    \9T CM["4\9T CM["4\9T CM["4\9T CM["4::::11110000    &Md;O 4[ >]%'%O&Md;O 4[ >]%'%O&Md;O 4[ >]%'%O&Md;O 4[ >]%'%O1111    K¾@K¾@K¾@K¾@                     \9T CM["4\9T CM["4\9T CM["4\9T CM["4::::11111111    &Md;O 4[ \T\;TQ K¾@ &Md;O 4[ \T\;TQ K¾@ &Md;O 4[ \T\;TQ K¾@ &Md;O 4[ \T\;TQ K¾@  
    

.4 M[X M» .4 M[X M» .4 M[X M» .4 M[X M» #[9QD#[9QD#[9QD#[9QD    4[ #EUÁG4[ #EUÁG4[ #EUÁG4[ #EUÁG            

\9T \9T \9T \9T 
CCCC....::::11112222    4çIG[ 4� áQe44çIG[ 4� áQe44çIG[ 4� áQe44çIG[ 4� áQe4Kf@]Kf@]Kf@]Kf@]1111    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G    ((((1111    M[X M»M[X M»M[X M»M[X M»))))            \9T C\9T C\9T C\9T C....::::11113333    4çIG[ 4�4çIG[ 4�4çIG[ 4�4çIG[ 4�    a\̂CN EIÁB4TOa\̂CN EIÁB4TOa\̂CN EIÁB4TOa\̂CN EIÁB4TO    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G    ((((1111    M[X M»M[X M»M[X M»M[X M») ) ) )  
    

.4 W[Q M» .4 W[Q M» .4 W[Q M» .4 W[Q M» #[9QD#[9QD#[9QD#[9QD    4[ #EUÁG4[ #EUÁG4[ #EUÁG4[ #EUÁG    

 

\9T C\9T C\9T C\9T C....11114444: : : : 4çIG[ 4� áQe44çIG[ 4� áQe44çIG[ 4� áQe44çIG[ 4� áQe4Kf@]Kf@]Kf@]Kf@]1111    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G    ((((1111    W[Q M»W[Q M»W[Q M»W[Q M»))))        \9T C\9T C\9T C\9T C....::::11115555    4çIG[ 4� a\̂CN EIÁB4TO4çIG[ 4� a\̂CN EIÁB4TO4çIG[ 4� a\̂CN EIÁB4TO4çIG[ 4� a\̂CN EIÁB4TO    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G    ((((1111    W[Q M»W[Q M»W[Q M»W[Q M»))))                                                                 

W[Q EO W[Q W[Q EO W[Q W[Q EO W[Q W[Q EO W[Q #[9QD#[9QD#[9QD#[9QD    4[ #EUÁG4[ #EUÁG4[ #EUÁG4[ #EUÁG    

6.6.6.6.    \Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ        

(IN^ÁF \TëQdVB Wd XM» IC[ 9QC[ Xe å4 (I'X 4ü EU[ 4�W] Xe| $6O 4h' #[9Q M» $\GNåMCC[ I[' ;[C] Xe Ch 
(Wd ĈO"C $TQhå4C å4N[ ;[C[ Xe| \;WWd (I'X \KG[ å4W] K[F[ 4� 4[M4O W4�|  
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अंत�र� उपयोग क� � / �वकास एवं शै��क संचार यूिनट, इसरो, अंत�र� �वभाग, अहमदाबाद  211 

 

    

7777....    4[NÁ 4ü %6[M] L\TìN 4[NÁ 4ü %6[M] L\TìN 4[NÁ 4ü %6[M] L\TìN 4[NÁ 4ü %6[M] L\TìN W"L[TG[."W"L[TG[."W"L[TG[."W"L[TG[."    

T[íC\T4 4[Q M» &Md;O 3O W[(Ý@O 4� \Q. $Q6-$Q6 tëN K¾@ M» \9T KG[G[ .4 W"L[TG[ Xe|   

    

\9\9\9\9
T CT CT CT C....11116666: : : : 4çIG[ 4� áQe44çIG[ 4� áQe44çIG[ 4� áQe44çIG[ 4� áQe4Kf@]Kf@]Kf@]Kf@]1111    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G    ((((2013201320132013----14141414))))    \9T C\9T C\9T C\9T C....::::11117777    4çIG[ 4� a\̂CN EIÁB4TO4çIG[ 4� a\̂CN EIÁB4TO4çIG[ 4� a\̂CN EIÁB4TO4çIG[ 4� a\̂CN EIÁB4TO    4[ C[IM[G4[ C[IM[G4[ C[IM[G4[ C[IM[G    ((((2013201320132013----14141414)))) 

8888....    %L[O%L[O%L[O%L[O    

M¾ &W Wfà>TdNO 4� \GM[ÁB 3O Qd5 \Q5Gd 4� #hÙW[XG 4� \Q. $IGd '^I \GEdU4 3O #L[6 #F[G 4[ %L[O 
êNF 4OC[ î!, \;ÝXDGd M̂<d ID #E\UÁC å4N[| M¾ $IGd #L[6 4� Å] ;]CdÝ2 4WM[O 4[ L] FÝNT[E 4OC[ î! 
\;ÝXDGd Qd5 4h Û; åX"E] M» \Q5Gd 4� \Q. K�M_çN W^<[T åE.|  
    

9999. . . . W"4�CUáEW"4�CUáEW"4�CUáEW"4�CUáE        
T[W\ÙT4 4[Q: Real Time 
%F[OK¾@ : Baseband 

@[>[ $\F'XB : Data Reception  
\TëQdVB : Analysis 

#E[NL[O : Payload 

#[9Q : Parameter 

E_OM]\C: Telemetry 

%Od5]N #NhF[ $"CO[\G4 : Graphical User Interface 

$\L\GãG IåOT\CÁC : Down Converter 

\TM[ÊQ4    : : : : Demodulator    

\K> ĈçN[4[Q4 : Bit Synchronizer 

 

11110000. . . . W"ELÁW"ELÁW"ELÁW"ELÁ    

1. &ÝWe>-3@] &Md;O #E[NL[O 4[ \TTOB $\LQd5 (Parameter Handbook of INSAT 3D Imager 

Payload), W"ËN[: SAC/EOSG/GPID/08/04/2011/22 V-2.1 

2. &ÝWe>-3@] W[(Ý@O #E[NL[O 4[ \TTOB $\LQd5 (Parameter Handbook of INSAT3D Sounder 

Payload), W"ËN[: SAC/EOSG/GPID/05/04/2011/21 V2.1 

3. QdKêN_ Wfà>TdNO 3O WãK"\FC ÎíC41  

 

***
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W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6     

&WOh >dQ]&WOh >dQ]&WOh >dQ]&WOh >dQ]Md@]\WGMd@]\WGMd@]\WGMd@]\WG    Gd>T4· 4[ WCC \9Gd>T4· 4[ WCC \9Gd>T4· 4[ WCC \9Gd>T4· 4[ WCC \9å4å4å4å4ÙW[ \UÈ[ 4[NÁCMÙW[ \UÈ[ 4[NÁCMÙW[ \UÈ[ 4[NÁCMÙW[ \UÈ[ 4[NÁCM    

.W.W.W.W. . . . J\B4WM[OJ\B4WM[OJ\B4WM[OJ\B4WM[O, , , , TeÉ[\G4TeÉ[\G4TeÉ[\G4TeÉ[\G4////$\LN"C[ $\LN"C[ $\LN"C[ $\LN"C[ ––––    .W.W.W.W. . . . ''''....    
    ((((>]>]>]>].....G.G.G.G....@]@]@]@]----.W.W.W.W.....G.G.G.G....@]@]@]@]....;];];];]----@d4�@d4�@d4�@d4�))))    

    

1111....0 0 0 0 #íC[TG[#íC[TG[#íC[TG[#íC[TG[: : : :     

>dQ]Md@]\WG (E_O \9å4ÙW[) &WOh 4� W[M[\;4 $G^#Nh6D M» Wd .4 Xe| \T\U` íT[íDN \9å4ÙW4D 4ü WdT[2 4h 
$#ÙNÈ &Q[4D C4 I�9[Gd 4� \Q. E_O \9å4ÙW[ .4 (\9C M[ÜNM Xe| 2001 M» 4W: >åMÁGQD 4� W[D &WOh 
>dQ]Md@]\WG Gd>T4· 4[ #[O"\L4 9OB U^e å4N[ 6N[ D[| K[E M», EdU LO M» 380 íD[GD IO >åMÁGQ íD[\IC 4O4� 
&W Gd>T4· 4[ \TíC[O å4N[ 6N[| &W COX Wd 4ëM]O Wd Qd4O 4ÝN[4WM[O] 3O QÈO]I Tj $"EM[G 4h L] &W 
Gd>T4· M» W\ãM\QC å4N[ 6N[ D[| NX >åMÁGQ \T\L> $íIC[QD, \9å4ÙW[ W"íD[GD CD[ 4hQd;D M» íD[\IC å4. 
6. X¾| &WOh >dQ]Md@]\WG W^\TF[ Gd>T4· O[O[ Oh6] 4� íT[íÚN W"K"F] M[åXC] tëN Å[êN M[ÜNM 4� O[O[ @fÊ>O 
4h #E[G 4ü ;[C] Xe \;W4� %F[O IO @fÊ>O IO[MUÁ EdCd X¾| 4W: M[MQD M» Ch E_O \9å4ÙW[ Gd %I[C4[Q]G 
\íD\C2" M» L] MEE 4ü Xe|  

\9å4ÙW[ 4� ÈdT M» G. (I9[O, ET[&N[!, Oh6 4� KEQCd Id>GÁ, &ÙN[åE XhCd OXdCd X¾| &W\Q. \9å4ÙW[ M» ;^td �. 
\GìB[CD 4� K]9 É[G 4[ %E[G-#E[G XhG[ %TëN4 Xe| \9å4ÙW4 4h \GO"CO $ÜNNG 4OGd 4� \Q., WCC 
\94üÙW[ \UÈ[ (W]..M.') X] .4 M[T (I[N Xe| &WOh >dQ]Md@]\WG Gd>T4· M» WCC \9å4ÙW[ \UÈ[ W^\TF[ 4h 
W\ãM\QC 4OG[ .4 MXÙTI_BÁ #N[W D[| &W #N[W Wd \9å4ÙW4D 4� É[G 4� %E[G #E[G 4ü W^\TF[ (IQáF 
XhGd Wd WM[; 4h íT[íDN ÈdT M» K�C Q[L Xh6[|  
  

2222....0 0 0 0 #iah\64ü#iah\64ü#iah\64ü#iah\64ü::::    

Mi;_E[ >dQ]Md@]\WG Gd>T4· M» Q\GÂ6 MeGd;M»> \Wí>M (/Q..M..W) – >ÄdGGd> Wfà>TdNO O[O[ W"T\FÁC å4N[ 6N[ Xe| 
&W Wfà>TdNO Wd WCC \9å4ÙW[ \UÈ[ &WOh >dQ]Md@]\WG Gd>T4· Wd #E[G å4N[ ;[ W4C[ Xe|  

2222....1 1 1 1 Gd>T4· 4[\ÝJ6OdUGGd>T4· 4[\ÝJ6OdUGGd>T4· 4[\ÝJ6OdUGGd>T4· 4[\ÝJ6OdUG    ::::     

WCC \9å4ÙW[ \UÈ[ (W]..M.') 4� $\L> $"6 \GãG\Q\5C X¾: 

2.1  W"9[O M[ÜNM 

E_O \94ÙW[ Gd>T4· M» &WOh 4� (I'X GSAT 12 4[ Ext-C K¾@ >Ä["íI["@O (INh6 å4N[ ;[C[ Xe| &W Gd>T4· M» 
$#ÙNÈ $íIC[Q CD[ \T\U` $íIC[Q 4� K]9 VSAT 4� O[O[ W"I4· KG[N[ ;[C[ Xe, ;h å4 TDM/TDMA 
>hIhQh;] IO %F[åOC Xe|  

&W Gd>T4· 4[ W"9[QG K"6Q_O \íDC &í>Äe4 (ISTRAC) XK Wd å4N[ ;[C[ Xe| &W Gd>T4· 4� IåO9[QG 4� \Q. &WOh 
Gd 6.1 MHz 4[ K¾@\TíC[O %K"å>C å4N[ Xe|  

� \TWe> >åMÁGQ – 3.8/1.8m Ext-C K¾@ %'.I] >åMÁGQ 

� 2.2. tëN ÅTB NÝT – >]9O 3O í>_@»> 4� tëN #W[OB 4OGd 4� \Q., &G (I4OBD (4�MdO[, M[&ChJhG, 

T]å@Nh åMÊWO, 0å@Nh åMÊWO, &ÙN[åE) 4� W[D .Q..M..W. Wfà>TdNO M» &ÝÎ> åEN[ ;[C[ Xe|  

2.3. 4�ßN_>WÁ – \;GM» .Q..M..W. Wfà>TdNO íD[\IC å4N[ ;[C[ Xe 

2.4 Q\GÂ6 MeGd;M»> \Wí>M (.Q..M..W) 

2.4.1 .Q..M..W WTÁO – NX E_O \9å4ÙW[ XK K"6Q_O M» íD[\IC X¾| &WM» 150 Q[&W"W (IQáF Xe| &W4� O[O[ 
150 $íIC[Q, Mdå@4Q 4fQd;, ;X[! >dQ]Md@]\WG >åMÁGQ Xe, TX W]..M.'. WdT[ 4[ Q[L Qd W4Cd X¾|  
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\9T \9T \9T \9T ––––    1111    : : : : WWWWCC \9CC \9CC \9CC \9å4å4å4å4ÙW[ \UÈ[ Gd>T4· 4[\ÝJ6OdUG ÙW[ \UÈ[ Gd>T4· 4[\ÝJ6OdUG ÙW[ \UÈ[ Gd>T4· 4[\ÝJ6OdUG ÙW[ \UÈ[ Gd>T4· 4[\ÝJ6OdUG     
 

 2.4.2. >ÄdGGd> >]9O Wfà>TdNO – >]9O 4� êN[ËN[G 4[ ;]\TC tëN Å[êN 3O I[TO If&"> íQ'ÖW &W >]9O 
Wfà>TdNO O[O[ #W[åOC å4N[ ;[ W4C[ Xe| &W Wfà>TdNO 4� M[ÜNM Wd $#ÙNÈ >åMÁGQ 4ü (I\íC\D 4ü 
Ed5Od5 L]4O W4Cd X¾| &W Wfà>TdNO 4� O[O[ í>_@»> >åMÁGQ 4� W[D ;^@ 4� í>_@»> >åMÁGQ 4[ ;]\TC tëN ÅêN 
#[o 4O4� T[C[ÁQ[I 4O W4Cd X¾|  
 

 

\9T \9T \9T \9T ––––    2222    >]9O í>_å@Nh 4[\ÝJ6OdUG>]9O í>_å@Nh 4[\ÝJ6OdUG>]9O í>_å@Nh 4[\ÝJ6OdUG>]9O í>_å@Nh 4[\ÝJ6OdUG    
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\9T \9T \9T \9T ––––    3333    .4 %M í>_å@Nh 3O >].4 %M í>_å@Nh 3O >].4 %M í>_å@Nh 3O >].4 %M í>_å@Nh 3O >]9O Wfà>TdO9O Wfà>TdO9O Wfà>TdO9O Wfà>TdO 

2.4.3. >ÄdGGd> í>_@»> Wfà>TdNO – 
í>_@»> $IGd Qh6-&G %'@] 4� O[O[ 
>]9O >åMÁGQ Wd ;^@4O #W[åOC Xh OXd 
êN[ËN[G Ed5 W4Cd X¾| ;K í>_@»> 
4h' #ëG I_:G[ 9[Xd CK Wfà>TdNO M» 
Od; XdØ@ 4[ (INh6 4O4� Gd>T4· 4� 
M[ÜNM Wd êN[ËN[C[ 4h W_\9C4O 
W4Cd X¾| ;K >]9O &W >åMÁGQ Wd 
4GdÊUG ;htC[ Xe CK í>_@»> 
Wfà>TdNO íD[\G4 tëN Å[êN >]9O 
Wfà>TdNO 4h Ld;C[ Xe|  .Q..M..W 
Wfà>TdNO 4� O[O[ .4 >åMÁGQ Wd % 
OX[ tëN Å[êN >]9O >åMÁGQ 4� W[D 
W[D $ÝN >åMÁGQD 4h L] #[o XhC[ 
Xe| &W COX Wd Gd>T4· M» ;^td �. WL] 
>åMÁGQ .4 T9̂Á$Q 4È[ ;eW[ KG 
;[Cd X¾|  

 

  
\9T \9T \9T \9T ––––    6: 6: 6: 6: í>_@»>í>_@»>í>_@»>í>_@»>    ((((åOW]TåOW]TåOW]TåOW]T) ) ) ) 4[È 4[\ÝJ6OdUG4[È 4[\ÝJ6OdUG4[È 4[\ÝJ6OdUG4[È 4[\ÝJ6OdUG   \9T \9T \9T \9T ––––    7777    ::::T]T]T]T]We> We> We> We> 3O í>_@»> 4[È3O í>_@»> 4[È3O í>_@»> 4[È3O í>_@»> 4[È    

  

    \9T \9T \9T \9T ––––    4444    : : : : @d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W].....Mj.Mj.Mj.Mj....' WT ' WT ' WT ' WT ####1111                 \9T \9T \9T \9T ––––    5555    : : : : @d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W].....Mj.Mj.Mj.Mj....' WT ' WT ' WT ' WT ####    8888 
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\9T \9T \9T \9T ––––    8888: : : : @d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W].....M.M.M.M....' WT ' WT ' WT ' WT ####6666    M»M»M»M»       \9T \9T \9T \9T ––––    9 : 9 : 9 : 9 : @d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W].....M.M.M.M....' WT ' WT ' WT ' WT ####5555  
CB4̂�CB4̂�CB4̂�CB4̂�    ((((........I]I]I]I]) ) ) ) $íIC[Q Wd I[OíIåO4 \CN[$íIC[Q Wd I[OíIåO4 \CN[$íIC[Q Wd I[OíIåO4 \CN[$íIC[Q Wd I[OíIåO4 \CN[                    M» K[O]IE[M» K[O]IE[M» K[O]IE[M» K[O]IE[    ((((2å@W[2å@W[2å@W[2å@W[) ) ) ) $$$$íIC[Q Wd I[OíIåO4 \CN[íIC[Q Wd I[OíIåO4 \CN[íIC[Q Wd I[OíIåO4 \CN[íIC[Q Wd I[OíIåO4 \CN[       

WT M» tëN, Å[êN, I[TO If&"> íQ'ÖW >]9O- í>_@»> I].W] 4� K]9 4�>dÝ> #T[X WTÁO 4� O[O[ XhC[ Xe (\9T – 11) 

    

\9T \9T \9T \9T ––––    11 11 11 11 : : : : >ÄdGGd> >ÄdGGd> >ÄdGGd> >ÄdGGd> Wfà>TdNOWfà>TdNOWfà>TdNOWfà>TdNO    Wd 4�>»> #T[XWd 4�>»> #T[XWd 4�>»> #T[XWd 4�>»> #T[X    

    

3333....0 0 0 0 4[N[ÁÝTNG 4[N[ÁÝTNG 4[N[ÁÝTNG 4[N[ÁÝTNG     

&WOh >dQ]Md@]\WG Gd>T4· 4� (INh64C[Á E_O \9å4ÙW[ 4� W[D W[D WCC \UÈ[ 4ü W^\TF[ L] #[o Xh /W] &Ï:[ 
#4> 4OCd Dd| 4W: $íIC[Q, Gd>T4· M» T]å@Nh 4hÝJ�O»\W"6 M[ÜNM Wd E_WOd $íIC[Q 4� W[D (One to One) 
99[Á-\T9[OB[ 4OCd Dd| NX .4 #4[O 4ü \WåMC WCC \UÈ[ X¾|  

å4ÝĈ .4 >åMÁGQ Wd #W[åOC Xh OX[ êN[ËN[G ÑN[E[ Wd ÑN[E[ >åMÁGQ C4 I�9d - /W] seOC D]| &W ;eOC 
4h W^\TF[;G4 KG[Gd 4� \Q. @d4� Gd (IQáF \T4çID 4[ $âN[W 4O, >ÄdGGd> Q\GÂ6 MeGd;M»> \Wí>M Wfà>TdNO 
4[ 9NG å4N[| 2013 M» >ÄdGGd> WTÁO K"6QhO 4� >dQ]Md@]\WG XK M» íD[\IC å4N[ 6N[|  
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&W #4[O Wd >dQ]Md@]\WG Gd>T4· WCC \9å4ÙW[ \UÈ[ #[o 4OGd 4� \Q. W. �%| 22 M', 2013 4� åEG W]..M. 
'. WdT[ U^e 4ü 6' \;WM» @d4� í>_å@Nh Wd @f. EUÁG[ G['4 Gd #[O"\L4 êN[ËN[G åEN[ D[|  

4444....0 0 0 0 #9[QG#9[QG#9[QG#9[QG    

WCC \9å4ÙW[ \UÈ[ 4[NÁCM 4� $"C6ÁC, XO MX]Gd 4M Wd 4M .4 WT @d4W $XME[K[E 4� í>_å@Nh Wd \GTÁXG 
4OGd 4[ \GBÁN å4N[ 6N[ D[| 2014 GTãKO Wd $L] C4 9 WT #W[åOC å4. 6. X¾| \;GM» $XME[K[E \íDC 
\T\U` @fÊ>OD 4h êN[ËN[G EdGd 4� \Q. %M"\TC4O 1 7Ý>d 4[ êN[ËN[G O5[ 6N[ D[| êN[5[G 4� Ië9[Cj 30 
åM\G> W"T[E 4� \Q. E] ;[C] X¾| &W W"T[E M» í>_@»> >åMÁGQ Wd W"I4· KG[4O #ëGhCO] 4ü ;[C] X¾| &G 9 WTD M» 
Q6K6 2800 \9å4ÙW4h Gd L[6 \QN[ D[| 3WC: XO W"T[E WT M» 6Wd 8 >åMÁGQ ;^t 4� #ëGhCO] M» WCüN eI 
Wd L[6 \Q. Dd|  

C[\Q4[ C[\Q4[ C[\Q4[ C[\Q4[ 1111    ----    @d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W]@d4� í>_å@Nh Wd W].....M.M.M.M....' WT' WT' WT' WT    

CCCC....        W]W]W]W]. . . . .M.M.M.M....    ''''    4[NÁCM 4[ \TTOB 4[NÁCM 4[ \TTOB 4[NÁCM 4[ \TTOB 4[NÁCM 4[ \TTOB     W]W]W]W]. . . . .M.M.M.M....    ''''        4ü 4ü 4ü 4ü 
C[O]5 C[O]5 C[O]5 C[O]5     

X[\;O >åMÁGQ X[\;O >åMÁGQ X[\;O >åMÁGQ X[\;O >åMÁGQ 
4ü W"ËN[ 4ü W"ËN[ 4ü W"ËN[ 4ü W"ËN[     

X[\sO X[\sO X[\sO X[\sO 
W"ËN[W"ËN[W"ËN[W"ËN[    

1. “åMÚW & åMí4DWdßUG $K[(> 9[&ç@î@ 
Md\Q�"\WW ."@ OhQ 0J Id@]%>Ä]\UNG 
&G @[N6Gh\WW ."@ JhQh $I 0J F 
IdU">”  
– @[. Wh\GN[ IO]4 ̈

14 GTdãKO 2014 40 $"E[\;C 
230 

2. “Q[&J í>[&Q å@W]W ."@ MeGd;MdÝ>”  
– @[. K]. @]. M["4@ 

11 åEWãKO 2014 48 $"E[\;C 
350 

3. “åOW»> $#h9 &G MeGd;M»> 0J >[&I – 2 
@[N\K>]W”  
– @[. \CTdG M[OT[X 

9 ;GTO] 2015  60 $"E[\;C 
400 

4. “åOW»> .@T[\ÝWW &G >Ä]>M»> $4N^> 
4hOhGO] \W"@ÄhMW” 
– @[.$MhQ $6OT[Q 

12 J�ú̂%O] 2015 50 $"E[\;C 
350 

5. “ åOW»> .@T[\ÝWW &G MeGd;M»> 0J 
X[&IO>»UG”  
- @[. $U[ .G. U[X 

12 M[9Á 2015 45 $"E[\;C 
350 

6. “åOêN_ 0J &ãIh>¼Ý> .@T[\ÝWW &G 
2Ý4hQh;] JfO . GfG 2Ý4hQh;] 
@fÊ>O”  
– @[. \9O[6 .. U[X 

7 $#dQ 2015  44 $"E[\;C 
210 

7. “2í­h%DÁO[&>]W 0J \G, $ ÊN_Od>]T 
$#h9”  
– @[. \TCM U[X 

29 $#dQ 2015 34 $"E[\;C 
250 

8. “ @OMd>hQh;] &G @d >_ @d #d\Ê>W”  
– @[. KdQ[ U[X 

26 M' 2015 35 $"E[\;C 
240 

9. “údí>j 41WO MeGd;M»> MQ>]@]W]\¤GO] 
>Ä]>M»> ."@ 2"4h¤[\í>4 W;ÁO]” 
 – @[. $G7[ ;hId 

25 ;_G 2015 39 $"E[\;C 
240 
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5555....0 0 0 0 WMíN[."WMíN[."WMíN[."WMíN[." – å4W] L] GN] #B[Q] $MQ 4OGd M» WMíN[." ;eO %C] X¾| >dQ]Md@]\WG Gd>T4· 4� >åMÁGQ EdU 
4� \T\L> #[ÝCD M» \íDC XhG[ 3O E_O EO[; 4� ÈdT L] &W WdT[ Wd ;^@ I[G[, NX .4 MXÙTI_BÁ M̂ª[ Xe| WCC \UÈ[ 
4[NÁCM 4� CXC .4 X] WMN IO WL] >åMÁGQ W"Kh\FC XhCd X¾| IO"Ĉ \G\ë9C å4. 6. WMN IO WL] >åMÁGQ 
(I\íDC OX I[G[ M̂\ë4Q X¾, ;eWd 4ü (ÇO-I_Tú O[ÑN, QÈO]I 3O $"EM[G-\G4hK[O O]I, &ÙN[åE| $C: 
W]..M.'. 4[NÁCM 4� W"9[QG 4� \Q. WL] >åMÁGQ 4h $Ĝ4�Q Xh /W[ WMN \G\ë9C 4OG[ .4 WMíN[ X¾|  

4' K[O 4W: $íIC[Q 3O \9å4ÙW4 $ÝN $íIC[Q N[ \9å4ÙW4D Wd ;^@ 4� \T9[O \TMUÁ 4OGd M» $XM 4[ 
5QG M[GCd X¾| /Wd MGhL[TD 4h E_O4O I[G[ L] .4 WMíN[ X¾|  

6666....0 0 0 0 L\TìN #B[Q]L\TìN #B[Q]L\TìN #B[Q]L\TìN #B[Q]    

>dQ]Md@]\WG Gd>T4· Wd>Q[&> W"9[O IO %F[åOC X¾ &W\Q. Gd>T4· M» Mi;_E 4h' L] >åMÁGQ >]9O >åMÁGQ KG 4� 
êN[ËN[G Ed W4C[ Xe| @d4W 4� W]..M.'. 4[NÁCM 4� $Q[T[, L[6 QdGd T[Qd \T\U� $íIC[QD 4h 5^E $IGd 
>åMÁGQ Wd êN[ËN[G EdGd 4� \Q. #dåOC 4OG[ CD[ W]..M.'. #B[Q] 4h \KG[ e4[T> ;[O] O5G[|  

X[Q M», 4WQ 100 >åMÁGQ W]..M.'. 4[NÁCM M» L[6 QdGd 4� \Q. WÈM X¾| L\TìN M» \TíC[O 4O4� &G >åMÁGQ 4ü 
W"ËN[ Eh6̂G] 4OG[ 4ü Nh;G[ X¾|  

7777....0 0 0 0 W[O["UW[O["UW[O["UW[O["U    

W]..M.'. 4[NÁCM 4� W"T[E WT M» E_OíD &Q[4D 4� \9å4ÙW4D 4ü WCüN L[6]E[O] &W4[NÁCM 4h åMQ OXd 
W4[O[ÙM4 #\CL[T 4h EU[ÁC[ Xe| 4W: 4�Ý2D Gd &W C4 4[ Q[L Qd4O Oh\6ND 4ü K]M[O] 4ü 99[Á4O (W4� K[OdMd 
\GìB[Ch 4[ IO[MUÁ L] #[o å4N[ D[|  

;K É[G 4[ %E[G- #E[G XhC[ Xe CK .4 3O $Gd4, WK 4h (W4[ Q[L åMQC[ Xe| \T\U`C: ;K \9å4ÙW[ 
W"K"F] É[G 4[ #9[O T #W[O XhC[ Xe CK WM[; 3O EdU 4[ íT[íÚN W^FOC[ Xe|  

******** 
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W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6 W[M[\;4 .T" (ILhF[ $G#̂Nh6     

;].G.W.W $\L'[X];].G.W.W $\L'[X];].G.W.W $\L'[X];].G.W.W $\L'[X]    ((((GNSS ReceiverGNSS ReceiverGNSS ReceiverGNSS Receiver))))    
\;CdÝ2 5@¼ \;CdÝ2 5@¼ \;CdÝ2 5@¼ \;CdÝ2 5@¼     
;_\GNO &";]\GNO ;_\GNO &";]\GNO ;_\GNO &";]\GNO ;_\GNO &";]\GNO     
.WW]>]@].WW]>]@].WW]>]@].WW]>]@]////.W.G...W.G...W.G...W.G..    

;];];];]....;d;d;d;d. . . . EhU]EhU]EhU]EhU]                
&";]\GNO .W.J&";]\GNO .W.J&";]\GNO .W.J&";]\GNO .W.J                                                                    

.W.G>]@].W.G>]@].W.G>]@].W.G>]@]////.W.G...W.G...W.G...W.G..    

1111....0 0 0 0 #íC[TG[#íC[TG[#íC[TG[#íC[TG[::::        
;].G.W.W $\L'[X] TCÁM[G M» #9[\QC \T\TF Te\ëT4 GiW"9[QG #B[\QNh (;]I]W, ÌQhG[W, 6d\Q\Q2 
%åE.) 4� (INh64C[Á 5Ø@ $"C6ÁC %C[ .4 WM[ÝN $\L'[X] X] Xe| ;h $"CåOÈ M» íD[\IC \T\L> GiW"9[QG 
C"Th 4� (I'XD O[O[ #W[åOC Odå@wh W"4�Ch 4h #[o 4O4� $\L'[X] \íDC W"6B4 Wfà>TdNO O[O[ (G4[ \TëQdVB 
4O4� ÌÚT] IO N[ %4[U M» 4X] L] $IG[ \G\ë9C íD[G (Position- Latitude, longitude), WMN .T 6\C 4ü 
W_9G[ \GF[ÁOB (PVT Solutions) 4OCd X¾|  

2222....0 0 0 0 IåO9NIåO9NIåO9NIåO9N: : : :     

4h' L] (I'X %F[åOC GiW"9[QG #B[Q] 
M̂ËNC $"CåOÈ M» íD[\IC 4_\TM (I'XD 4[ 
\G\ë9C íD[G CD[ $\L'[X] 4[ ÌÚT] IO íD[G, 

&G EhGD 4� K]9 4[ ÊO] M[IG (Range 

Measurement) 3O (I'XD Wd #W[åOC Odå@wh 
W"4�Ch 4h $\L'X] C4 I�!9Gd 4� WMN IO 
%F[åOC Xe| \GãGCO 9[O (I'XD O[O[ #[o 4ü 
6' ÊO] 3O WMN 4ü W_9G[ 4h åMQ[4O 9[O 
WåM4OB KGCd X¾, (G 4h $\L'[X] \íDC 
$\L4\QT (Processor) O[O[ W^Q<[4O 
$\L'[X] 4� \G\ë9C íD[G .T" WMN 4[ 
IåO4QG å4N[ ;[C[ Xe| (I'XD Wd #W[åOC 
Odå@wh W"4�Ch 4h $\L'X] C4 I�!9Gd 4h ;h WMN Q6C[ Xe, (Wd É[C 4OGd 4� \Q. ÝN_>G 4� W[M[ÝN 6\C \GNM 
E_O] = Td6 X WMN, 4h #Nh6 M» \QN[ 6N[ Xe| Odå@Nh W"4�CD 4[ Td6 #4[U Td6 4� WM[G XhC[ Xe 3O WMN ;[GGd 
4� \Q. NX M[G \QN[ ;[C[ Xe å4 $"CåOÈ M» íD[\IC (I'X 3O $\L'[X] EhGD .4 X] W"4�C .4 X] W^\G\ë9C 
WMN IO (ÙI> 4OCd X¾ 3O EhGD 4ü 7t] (.>åM4 }f4) L] Q6L6 WM4[\QG Xe| K[E M» (I'X O[O[ #[o 3O 
$\L'[X] O[O[ \GåMÁC EhGD W"4�CD 4h .4 W[D åMQ[ ;[C[ Xe, \;WWd EhGh 4� K]9 4� $"CO 4[ IC[ 9Q ;[C[ Xe| 
&W COX 4 (I'XD O[O[ #W[åOC Odå@Nh W"4�CD 4h $\L'[X] C4 I�"9Gd 4� WMN 4ü 6BG[ 4ü ;[C] Xe| K[E M» 
$\L'[X] \íDC $ÙN[F̂\G4 W"6B4 Wfà>TdNO O[O[ $\L'[X] 4� íD[G CD[ IåOU^; (accurate) WMN å4 W_9G[ 
4[ \GF[ÁOB å4N[ ;C[ Xe|  

\T4hBåM\C 4� \WF["C $G^W[O íD[G \GF[ÁOB å4 #\CN[ M» \WJ· C]G (I'XD Wd ÊO] M[IG IN[Áo Xe, \;WWd 3@] 
íD[G \GF[ÁOB å4 6BG[ W"LT Xe| IO"Ĉ (I'XD 4� WMN 4h (W IO Q6] .>åM4 }f4 Wd G[I[ ;[C[ Xe, ;h 4W: 
GdGh Wd4�@ C4 4ü IåOU^;C[ O5C] Xe| ;K 4ü $\L'[X] 4[ 4E, L[O, 4üMC \GN"\TC O5Gd XdĈ (W4ü }f4 
&CG] $9̂4 (Accurate) GX] O5] ;[C]| \;WWd WMN 4� IåO4QG Dh@[W[ IåOTCÁG (T̂å>) % ;[C[ Xe| &W T̂å> 
4h ÝN^"GCM 4OGd XdĈ .4 3O (I'X Wd ÊO] M[IG å4N[ ;[C[ Xe| \;W4ü WX[NC[ Wd WMN 4� &W $"CO 4h 
\GOíC å4N[ ;[C[ Xe| IåOB[M íT�I GiW"9[QG WM[F[G M» (g ND[DÁC[ #[o 4ü ;[ W4C] Xe|  

3333....0 0 0 0 $\L'[$\L'[$\L'[$\L'[X] W"O9G[X] W"O9G[X] W"O9G[X] W"O9G[::::    
TCÁM[G M» #9\QC $\F"4[U ;].G.W.W $\L'[X] 4[ 5"@ %Od5 Ed5» Ch .4 ;eW[ X] Xe| Na\I 4W: \T\U`    
(INh\6C[ (Critical Applications) WM[F[G #[\o XdĈ (G4ü W"O9G[ M» Dh@] K�C \L>C[ Xh W4C] Xe| \9T 
W"ËN[ – 02 .4 W[M[ÝN ;].G.W.W $\L'[X] 4� #M̂5 7>4D 4h EU[ÁC[ Xe| \;W4ü $\L4çIG[ M» $ÙN[F̂\G4 
(g C4G]å4 CD[ ;å>Q &"\;G]NO] U[åMQ Xe|  

    

\9T W"ËN[ \9T W"ËN[ \9T W"ËN[ \9T W"ËN[ ––––    01010101    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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(IOhïC 7>4D 4� $\CåOïC $\L'[X] 4� $ÝN 7>4D M» %TëN4 );[Á Î\CÁ 4� \Q. 4[NÁEÈ Kd>O] CD[ ;eO] 
2AC[ #E[G 4OGd 4� \Q. EÈ (Strong) W"ÌQG4 (Enclosure) 4h L] $\L4çIG[ M» W\ãM\QC å4N[ ;[C[ Xe| 
W[D X] WL] #4[O 4ü $G^#NhÑNC[2" ( L]CO], K[XO], \TVdU Q\ÈC %åE) 4h W"�\IC 4OGd 4� \Q. $\L'[X] 
4ü $\L4çIG[ M» WL] MXÙTI_BÁ %N[MD 4h W\ãM\QC å4N[ ;[C[ Xe| $\L'[X] 4ü #B[Q] íCO IO W"O9G[ 
$"C6ÁC TCÁM[G M» (IQáF .T" L\TìN M» #íC[\TC, W"Uh\FC WL] ;].G.W.W \W�Q 4h >Äd4 4O4� (Wd å@4h@ 
4OGd 4ü W"I_BÁ W^W"6CC[ L] XhG] 9[åXNd| \;WM» M̂ËNC \L> K¾@-\TíC[O, Mhø^QdUG >d4\G4, \L> 4h@-Od> CD[ 
$ÝN ;å>Q #[9Q (Parameters) L] U[åMQ Xe|  

 
\9T W"ËN[ \9T W"ËN[ \9T W"ËN[ \9T W"ËN[ ––––    02020202    

    

4444....0 0 0 0 $\L'[X] #9[QG$\L'[X] #9[QG$\L'[X] #9[QG$\L'[X] #9[QG: : : :     

    

\9T W"ËN[ \9T W"ËN[ \9T W"ËN[ \9T W"ËN[ ––––    03030303    

Te\ëT4 GiW"9[QG #B[\QNh 4� U^�%C] EhO M» ;K ;]I]W .4 M[T #9[\QC #B[\Q W[M[ÝN ;GC[ 4� I[W 
(IQáF D], CK (WM» \WJ· íD[G .T" WMN 4ü W_9G[ X] #[o XhC] D]| GiW"9[QG W^\TF[. (GWd $Id\ÈC GXù D], 
;h XM %; 4� %F̂\G4 ;].G.W.W (I4OBh M» Ed5 W4Cd X¾| EO$WQ #DM ÅdB] 4� ;]I]W $\L'[X] M» 9[O N[ 
I["9 (I'XD O[O[ #[o W"4�CD Wd \WJ· íD[G .T" WMN 4ü W_9G[ 4[ WM[F[G åMQC[ D[| TCÁM[G WMN M» KuC] 
�' ;].G.W.W (I'XD 4ü W"ËN[ CD[ (GWd #[o \T\L> #4[O 4� W"4�CD Wd TCÁM[G 4[ 4h' L] $\L'[X] ÝN_GCM 
EW-K[OX Wd Qd4O GáKd-Wi C4 4� Te\TÜNI_BÁ \W�Q #[o 4O4� Q\ÈC #NhÑNC[2 4� WM[F[G M» KdîCO 
IåOU^;C[ #[o 4O W4Cd X¾|  
TCÁM[G 4� Q6L6 WL] ;].G.W.W $\L'[X] $Id\ÈC (I'XD O[O[ #W[åOC #ÙNd4 W"4�Ch 4h íTC"T \GN"\TC 
9eGQ %K"å>C 4OCd X¾| #ÙNd4 9eGQ Eh \TF[ (Mh@) M» Xh W4C] Xe – .4 $\F'XB (Acquisition) Mh@ 3O ÊWO] 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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$G^TCÁG (Tracking) Mh@| #[O"L M» XO .4 9eGQ O[O[ \W�Q 4[ 4h@ \TQãK (Code Delay) .T" (W4� @h¤O 
%T̀\C 4ü (2D search) 5h; #\CN[ %O"L 4ü ;[ C] Xe| \;WWd #ÙNd4 9eGQ M» \W�Q 4ü (I\íD\C Xe N[ GXù, 
(W4[ WX] M̂çN["4G å4N[ ;[C[ Xe| ;K C4 (IOhïC #\CN[ WãI> GX] XhC] 9eGQ $\F'XB Mh@ M» X] 
\TÜNM[G OXC] Xe|  

4444....1 1 1 1 9eGQ íCO #9[QG9eGQ íCO #9[QG9eGQ íCO #9[QG9eGQ íCO #9[QG    ((((Chennal level operationsChennal level operationsChennal level operationsChennal level operations): ): ): ):     

    

\9T W"ËN[ \9T W"ËN[ \9T W"ËN[ \9T W"ËN[ ––––    04040404    

TCÁM[G 4� Q6L6 WL] ;].G.W.W $\L'[X] $Id\ÈC (I'XD O[O[ #W[åOC #ÙNd4 W"4�Ch 4h íTC"T \GN"\TC 
9eGQ %K"å>C 4OCd X¾| #ÙNd4 9eGQ Eh \TF[ (Mh@) M» Xh W4C] Xe – .4 $\F'XB (Acquisition) Mh@ 3O ÊWO] 
$G^TCÁG (Tracking) Mh@| #[O"L M» XO .4 9eGQ O[O[ \W�Q 4[ 4h@ \TQãK (Code Delay) .T" (W4� @h¤O 
%T̀\C 4ü (2D search) 5h; #\CN[ %O"L 4ü ;[ C] Xe| \;WWd #ÙNd4 9eGQ M» \W�Q 4ü (I\íD\C Xe N[ GXù, 
(W4[ WX] M̂çN["4G å4N[ ;[C[ Xe| ;K C4 (IOhïC #\CN[ WãI> GX] XhC] 9eGQ $\F'XB Mh@ M» X] 
\TÜNM[G OXC] Xe|  

$G^TCÁG Mh@ M» 9eGQ O[O[ $6O \W�Q (I\íDC Xe CD[ WX] CO]4� Wd $G^T\CÁC å4N[ 6N[ Xe, CK (W4ü (\9C 
�[\Q>] CD[ (W 4ü )IO] W]M[ 4[ \GO"CO M[\G>OG å4N[ ;[C[ Xe| ;K L] \W�Q 4[ íCO (Level) \G\ë9C M[T[ 
Wd \GãG Xe CK \W�Q Q^o (Signal Unlock) M[G \QN[ ;[C[ Xe| &W IåO\íD\C M» 9eGQ åJOWd $\F'XB Mh@ M» 
;[4O WM' #\CN[ ÎG %O"L Xh ;[C] Xe| W[M[ÝNC# \W�Q 4[ íCO 4' 4[O4D (Factors) Wd \GãG Xh W4C[ Xe 
;eWd - :[N[ 'íC (I'X, OT WFGC[ (Noise Density), \W�Q 4ü 9\CN åJWQG (Cycle Sleep of signal) 
'ÙN[åE|  

 4444....2222 $\L'[X] íCO #9[QGíCO #9[QGíCO #9[QGíCO #9[QG    ((((RRRReceiver level operationeceiver level operationeceiver level operationeceiver level operation):):):):    

 

\9T W"ËN[ \9T W"ËN[ \9T W"ËN[ \9T W"ËN[ ––––    05050505    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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$\L'[åX íCO IO 9eGQ 4� WL] KåXT¼UD (Outputs) 4h $Id\ÈC WM[F[G M» IåOTC\CÁC 4OGd XdĈ W"W[\FC å4N[ 
;[C[ Xe| K[E M» GiW"9[QG W"W[\FT (Gd\T6dUG #hWdWO) &G W_9G[2" 4h $\L'[X] 4� íD[G, WMN, 6\C 4ü W_9G[ 
(PVT Solutions) M» IåOT\CÁC 4OC[ Xe| &W #\CN[ 4� EiO[G X] TX ($\L'[X]) (I'XD 4� $"ÝCåOÈ M» \G\ë9C 
íD[G CD[ WMN 4ü 6BG[, W_9G[2" 4[ Te\F4OB (Validation), }f4 4ü \í>NåO"6 4� W[D-W[D $ÝN WL] 
$"CO[Ì�h (Interfaceses) %åE" 4[ W"9[QG L] 4OC[ Xe|  

5555....0 0 0 0 $\L'[X] 4� #4[O$\L'[X] 4� #4[O$\L'[X] 4� #4[O$\L'[X] 4� #4[O    ((((Receiver Types)Receiver Types)Receiver Types)Receiver Types)::::    

;].G.W.W $\L'[åXND 4h (G4ü Te\TÜNI_BÁ \TUdVC[2", M[GE"@D 4� %F[O IO $Q6-$Q6 ÅdB] M» T6ú4_C 
å4N[ ;[ W4C[ Xe| &GM» (g ND[DÁC[ ÅdB] 4� êN[TW[\N4 $\L'[X] ((g ND[DÁC[, WT¼ÈB, CD[ We\G4ü 
(INh\6C[ XdĈ \GåMÁ\CND 4� \WT[N N[C[N[C T[XGD M» íD[\IC TCÁM[G 4� K�C X] :h>d 3O W^T[� GiW"9[QG 
(I4OB (Portable Navigation Devices-PNDs) $\C W[M[ÝN Xe| %; K@] \TíC`C M[T[ M»    íM[>Á-JhG, \G;] CD[ 
êN[TW[\N4 T[XGD, IåOTXG ÈdT (W@4, OdQ, T[N^ 3O W[6O]) 4� Q6L6 WL] (I4OBD 4h (IOhF $\L'[åXND 
(PNDs) 4� W[D .4ü4_C (integrat) å4N[ ;[ OX[ Xe|  

&G WL] $\L'[åXND 4ü å@s[&G M» $\C W[M[ÝN M[&Ch #hWdWO Wd Qd4O K�C X] (>C /W] .\W4 (ASIC), 
@].WI] (DSP), .JI];]. (FPGA) ;eW] $ÜNCG C4G]4ü N^\FND (¤dÔJhãWÁ) 4h #Nh6 M» Q[N[ ;[C[ Xe| 
W[M[ÝNCN[ N^\FND 4[ 9NG Q\ÈC $\L'[åXND 4�    4W: MXÙTI_BÁ #[9QD (Parameters) 4h ÜN[G M» O54O 
å4N[ ;[C[ Xe, ;eWd å4–\GìI[EG    (ªdëN, \GM[ÁB    \T\F, $G^OÈB, #WOB]NC[ (Expandability), íT[NÇC[ 
(Autonomy), T[C[TOB, );[Á 5IC %åE|  

(IOhïC $\L'[X] 4[N[ÂTNG 4� $\CåOïC 4W: $ÝN $"CåON å@s[&G (I6MG (Design approach) L] Mi;_E Xe, 
\;G4� #Nh6 Wd W"I_BÁ ;].G.W.W WM[F[G WX] ND[DÁC[ Wd #[o å4N[ ;[ W4C[ Xe, (G4[ \TTOB G]9d åEN[ 
6N[ Xe|  

� K� C[O[M"@QK� C[O[M"@QK� C[O[M"@QK� C[O[M"@Q    ((((Multi ConstallationsMulti ConstallationsMulti ConstallationsMulti Constallations))))::::    (LOC] �' K�\TF (I'X GiW"9[QG #B[\QND (ÈdT]N CD[ Te\ëT4) 
4ü #9[Q\GNC[ Wd K� C[O[M"@Q IåO9[\QC $\L'[X] WOQC[ Wd (IQáF Xe, ;h %; WL] (IQáF #B[\QND 4� 
K]9 $"CO #9[QG]N W"6CC[ ( Inter operatibility) #E[G 4OCd X¾|  

\GãG[\Q\5C #B[\QND 4� $\L'[X] K�\TF C[O[M"@QD 4� WNh;G Wd #[o $Q6-$Q6 %T̀\C W"4�CD O[O[ 
(INh64C[Á2" 4h (IN^F W"I_BÁ ;].G.W.W WM[F[G #E[G 4OCd X¾ –  
� ;]I]W $\L'[X] 
� 6d\Q\Q2 $\L'[X] 
� ÌQhG[W $\L'[X] 
� K]N@̂  
� %&%O.G.W.W  
  

� K� %K� %K� %K� %T\̀ÇT\̀ÇT\̀ÇT\̀Ç    ((((Multi FreMulti FreMulti FreMulti Freqqqquencuencuencuencyyyy):):):):\T\L>\T\L>\T\L>\T\L> ;].G.W.W \W�çW 4h \GF[ÁåOC %T̀\Ç K¾@ (.Q-1, .Q-2, .Q-5 .T" 
.W K¾@)M» .4 \G\ë9C %T̀\Ç %K"å>C 4ü 6' Xe| $\L'[X] 9[Xd .4Q N[ K�\TF CO[M"@Q #9[Q\GN Xh, &W 
$\L6M Wd %T̀\Ç $TQ\ãKC (Freq. dependant error)T̂å> EO 4h ÝN_GCM 4O4� GiW"9[QG WM[F[G M» (g 
ND[DÁC[ $\;ÁC 4ü ;[ W4C] Xe|  

� W"TFÁG #B[\QN["W"TFÁG #B[\QN["W"TFÁG #B[\QN["W"TFÁG #B[\QN["    ((((Augmentation sAugmentation sAugmentation sAugmentation syyyystemsstemsstemsstems): ): ): ): TCÁM[GTCÁM[GTCÁM[GTCÁM[G    M» M» M» M» #9[\QC 4' #9[\QC 4' #9[\QC 4' #9[\QC 4' W"TFÁG #B\QND O[O[ M[\IC .T" 
W"Uh\FC W_9G[2" 4� #Nh6 Wd L] ;].G.W.W $\L'[X] $IGd GiW"9[QG WM[F[G IåO4QG M» WT®g  IåOU^;C[ 
(\#\WUG) CD[ ND[DÁC[ #[o 4O W4Cd X¾| Nd W"TFÁG #B[\QN[" X¾ -  
� &�hW (EGNOS) 
� T[W (WASS)  
� 66G (GAGAN)   
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� $"CO]N C4G]4ü$"CO]N C4G]4ü$"CO]N C4G]4ü$"CO]N C4G]4ü    ((((DiDiDiDifffffffferential technicerential technicerential technicerential technic)))); ; ; ; &W C4G]4ü M» $\L'[X] 4h å4W] .4 É[C (Precisely known) 
íD[G IO \íDO O5[ ;[C[ Xe| (WWd 4O]K 15-20 åM\G> C4 W_9G[." #[o 4O4� (G 4ü 3WC \G4[Q] ;[C] Xe| 
K[E M» T[íC\T4 4[Q M» M[IG å4N[ ;[C[ Xe| $6O É[C $\L'[åX 4� íD[G .T" #[o W_9G[2" M» 4W: T̂å>N[" Xe Ch 
(Wd .4 ;å>Q Wfà>TdNO O[O[ W"Uh\FC å4N[ ;[C[ Xe| K[E M» &W W"Uh\FC 6̂B4 (4OdÊUG J�Ê>O) 4h (W ÈdT M» 
4[NÁOC WL] $\L'[åXND 4h Odå@Nh N[ å4W] $ÝN Li\C4 #W[OB 4t] O[O[ #W[åOC å4N[ ;[G[ Xe| \;WWd Nd 
WL] $\L'[X] T̂å> OåXC GiW"9[QG WM[F[G #[o 4O W4Cd X¾| &W CO]4� Wd 0.5 M]>O C4 4ü (g ND[DÁC[ 
$\;ÁC 4ü ;[ W4C] Xe| TCÁM[G M» êN[I4 �I Wd #9\QC 4W: $"CO]N C4G]4ü %F[åOC #B[\QN[" Xe  
� @];].G.W.W (Diffeerential GNSS) 
� I]I]I] (Precise Point Positioning) 
� %O>]4� ( Real-Time Kinematics) 

W[M[ÝNC# ;].G.W.W $\L'[åXND 4h (G4ü %TëN4C[2" 4� $G^W[O \T\L> ÅdB]ND M» T6ú4_C å4N[ ;[ 
W4C[ Xe| \9T W"ËN[ – 06 Ed5d|  
  

6.0 $"CO[$"CO[$"CO[$"CO[I`IÌ`I`� .T" W"Qd5� .T" W"Qd5� .T" W"Qd5� .T" W"Qd5    ((((InterInterInterInterffffaces aces aces aces & & & & ProtocolsProtocolsProtocolsProtocols):):):): ;].G.W.W $\L'[åXND 4[ $"\CM Q÷N GiW"9[QG W"K"F] 
WM[F[G 4ü K�CX] WX] 
ND[DÁC[ Wd W"6BG[ 
(computation) 4OG[ Xe| &W 
;å>Q #\CN[ 4� \Q. .4 N[ 
$Gd4 (I'X CO[M"@QD Wd 
#W[åOC WL] W"4�C #[o 4OG[ 
K�C X] %TëN4 XhC[ Xe| &G 
WL] W"4�CD 4[ (INh6 \WJ· 
GiW"9[QG XQ #[o 4OGd 4� 
\Q. X] GX] K\ç4 K� W"Nh\;C 
(INh\6C[ (Applications) M» L] 
(CG[ X] ;eO] XhC[ Xe| \T\L> 
#4[O 4� $\L'[X] CD[ L_412D 
O[O[ K� \TF (I'X W"4�CD 4[ 
\TëQdUB 4OGd 4ü #\CN[ M» Xh 
OX] T̀\; 4� 4[OB L] $K NX 
%TëN4 Xh 6N[ Xe å4 WL] WãK; (INh64C[Á2" ((ÙI[E4, Whà>TdNO \TUdVÉ, \TëT\Ta[QN, W[M[ÝN êN\ïC, 

%åE) 4� K]9 .4 WM[G W_9G[ %E[G-#E[G 4� \Q. .4 M[G4 W"Qd5 (Standards Protoclos) íD[\IC å4N[ 
;[N, \;WWd WL] MXÙTI_BÁ W_9G[2" 4[ #W[OB, XíC["COB WOQC[ Wd Xh| Na\I TCÁM[G M» K� #9\QC M[G4 
%\í4 (ASCII) X] Xe, $ÝN \O%F[O] (IQáF JhM¼> \GãG \Q\5C Xe -  

� W"4�C W"K"F] – RINEX, SP3 

� $çMdGd4 W"K"F] – YUMA, SEM, TLE, RTCM, NTRIP 

� W_9G[ #W[OB W"K"F] – NMEA, EMS 

7777....0 0 0 0 ;].G.W.W ;].G.W.W ;].G.W.W ;].G.W.W $\L'[X] 4[ 9NG$\L'[X] 4[ 9NG$\L'[X] 4[ 9NG$\L'[X] 4[ 9NG    ((((\WQdÊUG\WQdÊUG\WQdÊUG\WQdÊUG))))::::    

TCÁM[G WMN M» GiW"9[QG #B[\QNh 4ü \T\íCBÁ (INh\6C[2" 4h Ed5Cd �. 4' #4[O 4� (g 6̂BTÇ[ T[Qd 
;].G.W.W $\L'[X] K[;[O M» WOQC[ Wd (IQáF Xe| 4h' L] êN\F .4 N[ E_WOd CO]4� Wd &G4� (INh6 Wd 
Q[L[\ÝTC Xh W4Cd X¾| L_-WT¼ÈB, GiW"9[QG 4� $Q[T[ L] &G4� \T\TF W"L\TC 4' (INh6 Xe| $C# WX] 
(I4OB 5O]EGd Wd IXQd (G4[ WX] \TëQdVB4O QdG[ 9[åX.| \GãG\Q\5C 4W: W^<[T Xe, \;ÝX» ÜN[G M» O54O 
WX] (I4OB 4[ 9NG å4N[ ;[ W4C[ Xe# 
1) íD[G M[IG êNTíD[ \GO"CO N[ %TWåO4 %TëN4 Xe|  

 

\9T W"ËN[ \9T W"ËN[ \9T W"ËN[ \9T W"ËN[ ––––    06060606    
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2) ND[DÁC[ 4[ íCO (QdTQ 0J .ÊN^OdW]) 
3) T[C[TOB]N $TíD[ 
4) 4üMC 

5) íD[G 4� $Q[T[ WMN, )!9[' 3O 6\CM[IG L] %TëN4 Xe 
6) #iah\64üN N[ $G^W"F[G 4[NÁ XdĈ (g ND[DÁC[ 
7) $Id\ÈC 4E, L[O, \TâC U\F 5IC %åE 

8888....(IW"X[O#(IW"X[O#(IW"X[O#(IW"X[O#    
%; Wd 4O]K 20-30 W[Q IXQd GiW"9[QG M[GT 4ü .4 M_QL_C ;å>Q WMíN[ D]| M¾ &W FOC] IO 4X[! î! ? &W 
WOQ #ëG 4[ (ÇO 5h;Gd 4� \Q. (WGd 4' #Nh6 å4.| å4CGd X] (I4OBD 4[ WX[O[ \QN[| Qdå4G (Wd (IN^F 
WJQC[ GXù åMQ OX] D]| &W WMíN[ 4[ WX] WM[F[G #[o 4OGd 4� \Q. X] \T\TF GiW"9[QG #B[\QND 
(;]I]W, ÌQhG[W, 6dQ]\Q2 %åE.) 4ü IåONh;G[2 IO WL] \T4\WC EdU 4[NÁ 4O OXd X¾|  

$"CåOÈ M» íD[\IC 4_\TM (I'XD (M[GT \GåMÁC C[Od) 4[ \G\ë9C íD[G 3O ÌÚT] IO å4W] L] 4hGd M» \íDC 
$\L'[X] 4� K]9 4ü \T4hBåM\C 4[ WX[O[ Qd4O (W IO \íDC $\C %F̂\G4 W"6B4 Wfà>TdNO O[O[ $\L'[X] 
4� WX] íD[G (Ih\sUG – $È["U, Od5["U) 4[ \GF[ÁOB å4N[ ;[C[ Xe| $\C ND[DÁ GiW"9[QG 4� W[D-W[D Wå>4 
WMN, )!9[' 3O 6\CM[IG L] &W #B[Q]Nh O[O[ W"LT Xh W4[ Xe| &W]\Q. NX #B[Q] (;].G.W.W) %F̂\G4 
M[GT 4� \Q. $\C %TëN4 .T" $\GT[NÁ (IN^F #B[Q] \W; �' Xe|  

    

9999....    \GO"CO \T4\WC \GO"CO \T4\WC \GO"CO \T4\WC \GO"CO \T4\WC ;].G.W.W ;].G.W.W ;].G.W.W ;].G.W.W $\L'[X]$\L'[X]$\L'[X]$\L'[X]    ::::        

               

    ((((1987198719871987    M» M» M» M» \T4\WC #DM\T4\WC #DM\T4\WC #DM\T4\WC #DM                ((((1990199019901990    M» M» M» M» \T4\WC #DM\T4\WC #DM\T4\WC #DM\T4\WC #DM                        ((((1998199819981998    M» M» M» M» \T4\T4\T4\T4\WC Ih>¼KQ \WC Ih>¼KQ \WC Ih>¼KQ \WC Ih>¼KQ     

        ;]I].W $\L'[X];]I].W $\L'[X];]I].W $\L'[X];]I].W $\L'[X]))))                        êN[TW[\N4 $L]'[X]êN[TW[\N4 $L]'[X]êN[TW[\N4 $L]'[X]êN[TW[\N4 $L]'[X]))))                            $\L'[X]$\L'[X]$\L'[X]$\L'[X]))))    

             

    ((((2006200620062006    M» M» M» M» \T4\WC TdåX4Q M[(">\T4\WC TdåX4Q M[(">\T4\WC TdåX4Q M[(">\T4\WC TdåX4Q M[(">))))                                    ((((2009200920092009    M» M» M» M» \T4\WC N^.WK] %F[åOC \T4\WC N^.WK] %F[åOC \T4\WC N^.WK] %F[åOC \T4\WC N^.WK] %F[åOC     

                                                                                                66 66 66 66 9eGQ ;].G.G.W.W $\L'[X]9eGQ ;].G.G.W.W $\L'[X]9eGQ ;].G.G.W.W $\L'[X]9eGQ ;].G.G.W.W $\L'[X]))))        
    

************    
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$"CåOÈ $G^#Nh6 4� ÈdT $"CåOÈ $G^#Nh6 4� ÈdT $"CåOÈ $G^#Nh6 4� ÈdT $"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6M» O[;L[V[ 4� #6[M] #Nh6M» O[;L[V[ 4� #6[M] #Nh6M» O[;L[V[ 4� #6[M] #Nh6    

We4 Ií̂C4[QN 4� \CN[We4 Ií̂C4[QN 4� \CN[We4 Ií̂C4[QN 4� \CN[We4 Ií̂C4[QN 4� \CN[----4Q[ID M» 4Q[ID M» 4Q[ID M» 4Q[ID M» åX"E]åX"E]åX"E]åX"E]    4[ #6[M] #Nh64[ #6[M] #Nh64[ #6[M] #Nh64[ #6[M] #Nh6    

M^4�U 4WM[O åMÅM^4�U 4WM[O åMÅM^4�U 4WM[O åMÅM^4�U 4WM[O åMÅ, , , , WC»EO Gd6] .T" O9G[ I>G[N4WC»EO Gd6] .T" O9G[ I>G[N4WC»EO Gd6] .T" O9G[ I>G[N4WC»EO Gd6] .T" O9G[ I>G[N4    

Ií̂C4[QN .T" #Qd5G #L[6Ií̂C4[QN .T" #Qd5G #L[6Ií̂C4[QN .T" #Qd5G #L[6Ií̂C4[QN .T" #Qd5G #L[6    

$"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 412412412412, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E    

#íC[TG[#íC[TG[#íC[TG[#íC[TG[::::    
ÎíC4[QN 4� .4 ‘;G-W^\TF[’ XhGd 4� 4[OB, NX $\C %TëN4 Xe å4 &W4� #NhF[2" N[ I[?4D 4h 
É[GhI[;ÁG M» '4M-Wd-4M L[V[ WãK\ÝFC $W^\TF[." G %N», 3O ÎíC4[QN M» (IQáF W_9G[ çhC $\C \TO[G 
Wd Qd4O W[M[ÝN N[ \GãG É[G íCO 4� I[?4D 4� \Q. G \WJ· WM[G eI Wd (IQáF XD K\ç4 WM[G I�"9 3O 
WM[G eI Wd $\L6M]N (Accessible) XD| NX] W^\G\ë9C 4OGd 3O O[;L[V[ W"K"F] \T\L> %EdUD, $G^EdUD 4� 
I[QG XdĈ, We4 ÎíC4[QN Gd $IGd #U[W\G4 .T" C4G]4ü \CN[-4Q[ID M» åX"E] 4� #6[M] $G^#Nh6 4[ ND[ 
W"LT #N[W å4N[ Xe|  

&í4�W ÎíC4[QN M» 28 $F�KO 1965 4h IåO'X]C “@Ä[&"6 0åJW MeG^$Q”[1] G[M4 #DM ÎíC4 Wd Qd4O 
;fG-T[NQ] O[O[ #4[\UC 0G-Q[&G ÎíC4D 4� #[IB C4, XM[Od $"CåOÈ 4[NÁCM 4� \T4[W 4� W[D X] W[D 
ÎíC4[QN .T" #Qd5G #L[6, We4 Gd L] .4 Q"K] E_O] CN 4ü Xe| $IGd Q÷ND 4ü I_\CÁ XdĈ å4. 6. #N[WD 4� 
JQ-íT�I %; We4 X] GX] K\ç4 &WOh 4� #ÙNd4 412 IO .4 $\C \T\U`, WM̀;, 3O $\OC]N ÎíC4 W"'X 
(IQáF X¾, ;hå4 L\TìN 4ü W_9G[ %TëN4C[2" 4� W[D-W[D X] #NhF[ 4ü KEQC] $\L6M #T̀\ÇND 4h ÜN[G 
M» O54O \T4\WC å4. ;[ OXd X¾|  

Ií̂C4[QN 4� \CN[Ií̂C4[QN 4� \CN[Ií̂C4[QN 4� \CN[Ií̂C4[QN 4� \CN[----4Q[I4Q[I4Q[I4Q[I:::: 4[Nµ 4� $G^W[O, .4 ÎíC4[QN 4� WMíC \CN[-4Q[ID 4h M̂ËNC# C]G L[6D M» 
K[!>[ ;[ W4C[ Xe- 
1. ÎíC4 W"'X 4[ \T4[W .T" W"TFÁG 

2. ÎíC4 W"'X 4[ (INh6, $\L6M .T" $ÝN I[?4 W^\TF[.! 
3. W[M[ÝN #K"FG .T" #U[WG 

&G 6\C\T\FND 4[ \GíC[OB ÎíC4[QN .T" W_9G[ \TÉ[G 4� \T\L> \W;["CD, L[OC WO4[O O[O[ #\CI[åEC 
\T\L> %EdUD 3O $G^EdUD 4� $G^eI, \T\L> #4[O 4� TeÉ[\G4 .T" C4G]4ü W"W[FGD, W_9G[ #iah\64ü 4� 
$G^#Nh6 4� W[D-W[D M[GT]N XíCÈdI Wd å4N[ ;[C[ Xe, \;WM» L[V[ W"K"F] $TOhF XM»U[ Wd .4 9̂GiC] OXd X¾| 
We4 ÎíC4[QN Gd G \WJ· W[M[ÝN #U[W\G4 4[NÁ-4Q[ID M», K\ç4 \T\L> Wfà>TdNO $G^#Nh6D O[O[ XhGd T[Qd 
C4G]4ü 4[Nµ M» L] åX"E] 4[ WM[TdU å4N[ Xe|  
 

1111.... Ií̂C4 W"'X Ií̂C4 W"'X Ií̂C4 W"'X Ií̂C4 W"'X 4[ \T4[W .T" W"TFÁG4[ \T4[W .T" W"TFÁG4[ \T4[W .T" W"TFÁG4[ \T4[W .T" W"TFÁG: : : :     
IO"IO[6C eI Wd å4W] L] ÎíC4[QN 4� ÎíC4-W"'X 4h ÎíC4[QN 4[ ‘#EN’ L] 4X[ ;[C[ Xe| 9_!å4 \T\L> 
ÎíC4[QN WdT[." &W] W"'X 4� %F[O IO (IQáF 4O[' ;[C] X¾, &W]\Q. å4W] L] ÎíC4[QN 4ü WdT[2" 4ü 
6̂BTÇ[ (W4� '"D-W"'X 4ü 6̂BTÇ[ 3O WM̀\; IO \GLÁO 4OC] Xe| &WM» ÎíC4D .T" IT I\T4[2" %åE 4� 9NG 
.T" IåO'XB N[ (G4� Subscription ($G^E[G) Wd WãK\ÝFC 4[NÁ å4. ;[Cd X¾| \T6C 4W: TVµ Wd We4 
ÎíC4[QN Gd &QdÊ>Äf\G4 W"W[FGD (;eWd '-ÎíC41, '-;GÁQ, &ÙN[åE) 4[ #[IB 3O 412 4� TeÉ[\G4 3O 
C4G]4ü Ki\;4 W"IE[ (C4G]4ü #\CTdEGD 3O Qd5D) 4[ W"íD[6C \GÈdI[6[O (Institutional Repository) M» 
W"'XB L] #[O"L å4N[ Xe| &W 6\C\T\F Wd ;^td \GãG\Q\5C 4[Nµ; ;hå4 ÎíC4[QN #K"FG Wfà>TdNO “\QK\WW” 
3O UáE W"W[FG Wfà>TdNO (Word Processing Software) 4ü WX[NC[ Wd N[ XíC\Q\5C eI Wd å4. ;[ OXd 
X¾; M» We4 ÎíC4[QN Gd \OL[V[ (åX"E] 3O $"'d;]) 4[ WJQC[I_TÁ4 $G^#Nh6 å4N[ Xe – 

 (1) 412 Wd K[XO ;[Gd T[Qd \T\L> IT ;eWd ÎíC4D .T" W[M\N4D 4� CN[EdU (åX"E] ÎíC4D 4� U]VÁ4 åX"E] M» L] 
\Q54O), CN[EdU $G^íM[O4 \GOíC]4OB %EdU, I[TC] .T" $ÝN \T\TF IT \OL[V[ M» ;[O] å4. ;[Cd X¾| 
IåO'XB WãK"\FC L̂6C[G XdĈ Qd5[ $G^L[6 4h Ld;d ;[Gd T[Qd IT \OL[V[ M» ;[O] å4. ;[Cd X¾|  
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 (2) #[\o (IO["C åX"E] ÎíC4D 4� \TTOB åX"E] IåO'XB I"\;4[ M» åX"E] M» X] $"å4C å4. ;[Cd X¾| IåO'XB I"\;4[ 
4[ $"4ü4OB L] \OL[V] #[eI M» å4N[ ;[ OX[ Xe|  

 (3) #[\o, \GOíC]4OB, $G^íM[O4 .T" $ÝN W[M[ÝN å>ßI\BN[! .T" XíC[ÈO åX"E] M» å4. ;[Cd X¾|  

 

 

  \9T \9T \9T \9T 1 1 1 1 ----    CN[EdUCN[EdUCN[EdUCN[EdU              \9T \9T \9T \9T 2 2 2 2 ––––    IåO'XB I"\;4[IåO'XB I"\;4[IåO'XB I"\;4[IåO'XB I"\;4[    
 

TVÁ 2012 Wd åX"E] 4È 4� #N[WD Wd .4 $Q6 åX"E] ÎíC4 9NG WåM\C 4[ 6?G å4N[ 6N[, ;hå4 O[;L[V[ 
G]\C 4� #[TF[GD 4� $G^eI 6̂BTÇ[I_BÁ åX"E] ÎíC4D 4ü 5O]E 4� \Q. \GF[ÁåOC Q÷N 4ü I_\CÁ M» WXNh64O OX] 
Xe| &ÝX] #N[WD 4� JQ-íT�I %; ÎíC4[QN W"'X M» Q6L6 5000 åX"E] ÎíC41 (TeÉ[\G4, C4G]4ü .T" 
W[M[ÝN) 3O Q6L6 70 åX"E] '-ÎíC41, W"'åXC X¾, W[D-X]-W[D Q6L6 20 åX"E] TeÉ[\G4 W[M[\N4D, Qh4\#N 
I\T4[2", 3O åX"E] WM[9[O ITD 4� \Q. \GNåMC $"UE[G å4. ;[ OXd X¾|  
    

Ií̂C4 W"'X 4[ (INh6Ií̂C4 W"'X 4[ (INh6Ií̂C4 W"'X 4[ (INh6Ií̂C4 W"'X 4[ (INh6, , , , $\L6M .T" $ÝN I[?4 W^\TF[.!$\L6M .T" $ÝN I[?4 W^\TF[.!$\L6M .T" $ÝN I[?4 W^\TF[.!$\L6M .T" $ÝN I[?4 W^\TF[.!    
IåO'XB 4� (IO["C \T\L> #Qd5D 4[ \TVN-TíC^ 4� $G^W[O T6ú4OB, W_9]4OB, (G4[ W[o[åX4 #EUÁG, .T" 
&G4ü ÎGÁ#[\o N[ I[?4D O[O[ 5h;d ;[ W4Gd 4� \Q. &G4� \TTOB 4h ÎíC4[QN @d>[KdW M» (IQáF 4O[Gd 4h 
ÎíC4[QN 4ü L[V[ M» C4G]4ü #\CN[ (Technical Processing) 4XCd X¾| ÎíC4D 4[ \G6ÁMG, T[IW], 
$\CEdNC[, %OÈB, WEíNC[ %åE WãK\ÝFC 4[NÁ, #Qd5D 4[ ÎíC4[QN M» Li\C4 êNTíD[IG, (G C4 I[?4D 
4h I�!9Gd M» MEE 4OGd 4� \Q. \T\L> åEU[-W_94D 4[ \GM[ÁB, .T" #NhF[ W^\TF[2" 4[ O5O5[T 4[ 4[NÁ 
IåOW"9OB I>Q 4OC[ Xe| &W4� $\CåOF ÎíC4[QN M» 4ãßN_>O %F[åOC W_9G[ #B[Q] 4[ W"íD[IG, #KÝFG, 

W]@], @]T]@] %åE 4ü åMOåO"6, C4G]4ü ;GÁQ .T" ÎíC4D 4ü \TVN TíĈ 4[ \QK\WW @d>[KdW M» W"'XB, 

WM[9[O IT 4COG WdT[, $ÝCO ÎíC4[QN QdG EdG, IåONh;G[ W[åXÙN W"F[G WdT[, .T" ÎGÁM̂2B .T" \;çEW[;] 
&ÙN[åE 4[NÁ .T" WdT[." I^íC4[QN O[O[ \GNåMC eI Wd $IGd #NhF[2" 4h (IQáF 4O[' ;[C] Xe| &G WL] 
4[Nµ M» ND[ W"LT NX #N[W å4N[ ;[ OX[ Xe å4 åX"E] L[V[ 4� W"W[FG N[ Ch I_BÁ-I[? (Full Text) N[ 4M Wd 4M 
(G4ü \TVNTíĈ .T" \TTOB (metadata), I[?4D C4 åX"E] M» X] I�"9d| &W] #N[W M» ÎíC4[QN Gd \GãG\Q\5C 
C4G]4ü 4[Nµ M» åX"E] 4[ $G^#Nh6 å4N[ Xe|  
 

2222....1111    Ií̂C4[QN 4ü Ií̂C4[QN 4ü Ií̂C4[QN 4ü Ií̂C4[QN 4ü åX"E]åX"E]åX"E]åX"E]    TdKW['> 4[ \GM[ÁB .T" $GÔÈBTdKW['> 4[ \GM[ÁB .T" $GÔÈBTdKW['> 4[ \GM[ÁB .T" $GÔÈBTdKW['> 4[ \GM[ÁB .T" $GÔÈB----    ÎíC4[QN TdKW['> .4 2IG WhWÁ Wfà>TdNO 
“;_MQ[” M» \GåMÁC Xe| &GM» åX"E] L[V[ 4� WM[TdU 4� \Q. &G4[ %TëN4 customization ÎíC4[QN 4åMÁND 
O[O[ íTN" å4N[ 6N[ Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T \9T \9T \9T 3 3 3 3 ––––    Ií̂C4[QN TdKW[&> 4[ M^ËNI�̀Ií̂C4[QN TdKW[&> 4[ M^ËNI�̀Ií̂C4[QN TdKW[&> 4[ M^ËNI�̀Ií̂C4[QN TdKW[&> 4[ M^ËNI�̀    

    

 
\9T \9T \9T \9T 4444    ––––    \QK\WW @d>[KdW M» åX"E] I^íC4D 4[ \TTOB\QK\WW @d>[KdW M» åX"E] I^íC4D 4[ \TTOB\QK\WW @d>[KdW M» åX"E] I^íC4D 4[ \TTOB\QK\WW @d>[KdW M» åX"E] I^íC4D 4[ \TTOB    

    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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2222....2222    åX"E]åX"E]åX"E]åX"E]    Ií̂C4D 4� U]VÁ4 \TTOB 4ü \QK\WW @d>[KdW M» Ií̂C4D 4� U]VÁ4 \TTOB 4ü \QK\WW @d>[KdW M» Ií̂C4D 4� U]VÁ4 \TTOB 4ü \QK\WW @d>[KdW M» Ií̂C4D 4� U]VÁ4 \TTOB 4ü \QK\WW @d>[KdW M» åX"E]åX"E]åX"E]åX"E]    M» #\T\`M» #\T\`M» #\T\`M» #\T\`----    NX 4[NÁ .4 #h#[N>O] ÎíC4[QN 
#K"FG Wfà>TdNO “\QK\WW” M» å4N[ ;[ OX[ Xe| &GM» åX"E] L[V[ 4� WM[TdU 4� \Q. &G4[ %TëN4 
customization \TC�C[ 4h $G^OhF4O $IG] %TëN4C[G^W[O 4OT[N[ 6N[ Xe|     

2222....3333    Ií̂C4[QN 4ü $"4ü4_C \GÈdI[6[OIí̂C4[QN 4ü $"4ü4_C \GÈdI[6[OIí̂C4[QN 4ü $"4ü4_C \GÈdI[6[OIí̂C4[QN 4ü $"4ü4_C \GÈdI[6[O    ((((Digital Repository)Digital Repository)Digital Repository)Digital Repository) 4� \T\L> M̂5Ì�D 4[ \OL[V[ M» $G^T[E .T" 
åX"E] WM[9[O ITD 4ü 4COGD, åX"E] '-K̂ÊW, C4G]4ü #\CTdEGD, $\LêN\F &ÙN[åE 4[ W"'XB|  

 

\9T \9T \9T \9T 5 5 5 5 ––––    $"4ü4_C \GÈdI[6[O M» åX"E] I?G$"4ü4_C \GÈdI[6[O M» åX"E] I?G$"4ü4_C \GÈdI[6[O M» åX"E] I?G$"4ü4_C \GÈdI[6[O M» åX"E] I?G----W[M']W[M']W[M']W[M']    

2.42.42.42.4    WM[9[OD ITD 4ü 4COGD WM[9[OD ITD 4ü 4COGD WM[9[OD ITD 4ü 4COGD WM[9[OD ITD 4ü 4COGD 4� #EUÁG 4[ \GM[ÁB, $"4ü4_C \GÈdI[6[O M» W"'XB, 3O #EUÁG 4h #\CåEG 412 
4� TåO� TeÉ[\G4D .T" &Ï:W4 4MÁ9[åOND 4h \OL[V] '-MdQ O[O[ #dVB|  

 

\9T \9T \9T \9T 6666    ––––    WM[9[OD ITD 4ü 4COGD 4[ $"4ü4_C \GÈdI[6[O M» W"'XBWM[9[OD ITD 4ü 4COGD 4[ $"4ü4_C \GÈdI[6[O M» W"'XBWM[9[OD ITD 4ü 4COGD 4[ $"4ü4_C \GÈdI[6[O M» W"'XBWM[9[OD ITD 4ü 4COGD 4[ $"4ü4_C \GÈdI[6[O M» W"'XB    .T".T".T".T"    \OL[V] '\OL[V] '\OL[V] '\OL[V] '----MdQMdQMdQMdQ    

 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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'-MdQ Wfà>TdNO \$6 3O UáE W"W[FG Wfà>TdNO MS-Word, Excel, %åE IXQd Wd X] N_G]4h@ WMDÁ4 X¾| 
“6_6Q åX"E] &ÝÎ>” 4ü MEE Wd &G WL] M» 4[NÁ $\C W^6M Xh ;[C[ Xe| &G 4[Nµ 4� W[D-W[D X]-  
 (1) \T\L> \TVND 4� åX"E] #Qd5D 4[ \TVN T6ú4OB .T" W_9]4OB; 
 (2) W[M[\N4h 4� \T\U` $"4h 4ü W_9], %OÈB W_9], ÎíC4 9NG W_9], GT]GCM #[o ÎíC4D, IT-I\T4[2", 
&QdÊ>Äf\G4 #Qd5D &ÙN[åE 4ü W_\9ND &ÙN[åE 4[ \OL[V[ M» \GM[ÁB; 
 (3) ÎíC4[QN W"'X M» \TVNW_\9N[! .T" M[6ÁE\UÁ4[.! \OL[V[ M» (IQáF 4O[G[; 
 (4) 412 4� åX"E] #4[UGD 4[ M̂2B .T" \;çEW[;]; 
 (5) XO XàCd W_9G[ I� IO .4 W^\T9[O \Q5G[; %åE,  

/Wd 4[NÁ X¾, ;hå4 KO[KO] Wd åX"E] 3O $"'d;] EhGD X] L[V[2! M», UáE W"W[FG Wfà>TdNO (Word Processing 

Software) 4ü MEE Wd N[ $ÝND[ å4. ;[ OX» X¾|  
 

2222....4444    Ií̂C4[QN 4ü Ií̂C4[QN 4ü Ií̂C4[QN 4ü Ií̂C4[QN 4ü OutOutOutOut----reachreachreachreach    6\C\T\FN[" 6\C\T\FN[" 6\C\T\FN[" 6\C\T\FN[" ----    $MdåO4G Q[&údO] .Wh\W.UG 4� #dW]@»> 4>ÁG] N"6 4� $G^W[O “ ... 
Q[&údO] \WJ· ;[G4[O] 4� \G\ìCN 5;[Gd GXù X¾| Nd $K &">O\.Ê>T Xh 6' X¾| ;[G4[O] 3O Cd;] Wd KEQCd \TëT 
M» #6\C 4OGd 4� \Q. Qh6D 4h s�O] EÈC[ I�"9[Gd 4ü t\` Wd XM[O[ WM[; .4 $XM Mht IO Xe| &W M[MQd M» 
Q[&údO] W4[O[ÙM4 M[XiQ KG[Gd M» .4 Kt] L_åM4[ \GL[."6ù ;X[" Qh6 W]5d6d, %6d KA»6d 3O \GM[BÁ 4O»6d| 
”[2] &W] %UN Wd We4 ÎíC4[QN Gd L] 6C-TVµ M» 4' G' 6\C\T\FN[" #[O"L 4ü, \;GM» #NhF[2" C4 $IG] 
I�"9 KG[Gd 3O I[?4D C4 We4 ÎíC4[QN M» W"6̀X]C “;[G4[O] N[ É[G 4� &W 5;[Gd” 4h 3O “&">O\.Ê>T” 
A"6 Wd I�!9[Gd 4[ #N[W å4N[ 6N[ .T" W[D-X]-W[D &G4� \TíC̀C 3O WM[TdU] #L[T 4� \Q. O[;L[V[ 4[ L] 
(\9C WM[TdU å4N[ 6N[| &GM» Wd 4W: \GãG\Q\5C X¾ - 
 

2222....4444....1 1 1 1 #4[UG#4[UG#4[UG#4[UG: : : : å4W] \T\U` \TVN IO, We4 ÎíC4[QN W"'X M» (IQáF W_9G[ W"W[FGD 4ü, \T\L> 
$G^CM\B4[2" WåXC, .4 W"I_BÁ (exhaustive) W_9] 4h Î\íC4[ 4� eI M» #4[\UC 4O, (W \TVN \TUdV IO 
ÎíC4[QN 'ÝD-W"'X 4ü WM̀\; 4h I[?4D 4ü t\` M» Q[Gd 4� \Q., 6C TVµ M» 4' Î\íC4[2" 4[ #4[UG 
å4N[ 6N[| &GM» Wd O[;L[V[ 4� #9[O-#W[O 4� \Q. W"'åXC “We4 ÎíC4[QN M» åX"E] ÎíC41” (2012) 3O “åE�] 
L_-412 ÎíC4[QN M» (IQáF ÎíC41” (2012) #M̂5 X¾|  

            

\9T \9T \9T \9T 7777    ––––    \T\L> åX"E] #4[UG\T\L> åX"E] #4[UG\T\L> åX"E] #4[UG\T\L> åX"E] #4[UG    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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2222....4444....2 2 2 2 åX"E] Ií̂C4 #EUÁG]åX"E] Ií̂C4 #EUÁG]åX"E] Ií̂C4 #EUÁG]åX"E] Ií̂C4 #EUÁG]: : : : TVÁ 2009 Wd åX"E] I5T[@[ N[ M[X 4� EiO[G (W .4 TVÁ M» 5O]E] 6' åX"E] ÎíC4D 4ü 
#EUÁG] 4[ Q6[C[O %Nh;G å4N[ ;[ OX[ Xe, \;WWd å4 åX"E] ÎíC4D 4� IåOW"9OB 3O I?G 4h Ku[T[ åMQ[ Xe|  

 

\9T \9T \9T \9T 8888    ––––    åX"E] Ií̂C4 #EUÁG] åX"E] Ií̂C4 #EUÁG] åX"E] Ií̂C4 #EUÁG] åX"E] Ií̂C4 #EUÁG] 2014201420142014    

    

2222....4444....3 3 3 3 tëNtëNtëNtëN----ÅêN #EUÁGÅêN #EUÁGÅêN #EUÁGÅêN #EUÁG: : : : \TUdV $TWOD, ;eWd W^OÈ[ Wo[X, $"CåOÈ Wo[X, åX"E] M[X, %åE, IO We4 ÎíC4[QN M» 
(IQáF tëN-ÅêN W"W[FGD M» Wd $TWOh\9C \TVN-TíC^ 4� T]å@Nh 4[ #EUÁG å4N[ ;[C[ Xe| 6C TVÁ åX"E] M[X 
4� EiO[G @d4� O[O[ åX"E] M» \GåMÁC Eh T̀Ç\9TD 4[ #EUÁG å4N[ 6N[|     

2222.... W[M[ÝN #K"FG .T" #U[WGW[M[ÝN #K"FG .T" #U[WGW[M[ÝN #K"FG .T" #U[WGW[M[ÝN #K"FG .T" #U[WG: : : : (IOhF #NhF[ WdT[2" 4� WJQC[ I_TÁ4 \GìI[EG 4� \Q. Ì�L_åM M» K�C W] 
#U[W\G4 .T" #K"FG 6\C\T\FN[" 4OG] XhC] Xe, \;GM» ÎíC4[QN 4[ W"9[QG, M[GT W"W[FG #KÝFG, .T" $ÝN 
#U[W\G4 4[NÁ W\ãM\QC X¾| ND[W"LT &G WL] 4[Nµ 4h åX"E] N[ \OL[V[ M» å4. ;[Gd 4[ #N[W å4N[ ;[C[ Xe, 
&WM» Wd 4W: M̂ËN #Nh6 \GãG\Q\5C X¾ - 
 (1) ÎíC4[QN W^\TF[2" 4� \Q. $G^L[6 M» #Nh6 å4. ;[Gd T[Qd \T\L> J[MÁ, #IT, ;eWd å4 IåO'XB XdĈ M["6 
IT; ÎíC4[QN WEíNC[ J[MÁ (4MÁ9[O] 6B), ÎíC4[QN WEíNC[ #IT (#\UÈ̂, #\UÈ[Dú .T" 4\Gì4 $G^W"F[G 
J�Qh), WEíNC[ #IT ($íD[N]), $ÝCO ÎíC4[QN QdG EdG, ÎGM̂Á2B .T" \;çEW[;] ;fK-4[@Á; %OÈB I9ú, 
ø_-@d> \íQI, ;GÁQ &ëN_ \íQI &ÙN[åE \OL[V[ M» (IQáF X¾|  
 (2) WMíC G[MI� .T" M[6ÁE\UÁ4[.!, IåOW"9OB I>Q IO .T" 4�ßN_>O 4È M» WMíC W[M[ÝN \GE¼U, ÎGM̂Á2B 
$G^L[6 M» WL] MU]GD 4ü G[M Iå�4[." &ÙN[åE \OL[V[ M» (IQáF X¾|  
 (3) $\LQd5 O5O5[T 4� \Q. #Nh6 XhGd T[Q] \T\L> J[&QD, KfÊW J[&QD .T" I"\;4[2" IO QdKQ \OL[V[ M» 
(IQáF X¾|  
 (4) \G6ÁMG I"\;4[ .T" $G^9O Î\íC4[ M» \TTOB åX"E] M» E;Á å4. ;[Cd X¾, .T" ND[W"LT W[M[ÝN å>ßI\BN[! .T" 
XíC[ÈO åX"E] M» å4. ;[Cd X¾|  
 (5) WL] IåOIT, CN, LØ@[O, Qd5[ .T" $ÝN $G^L[6D 4h Ld;d ;[Gd T[Qd IT, ND[W"LT \OL[V[ M» ;[O] å4. ;[Cd 
X¾| åX"E] M» #[o ITD 4� (ÇO åX"E] M» åENd ;[Cd X¾|  
 (6) ÎíC4[QN WåM\C Ke?4, í>[J Ke?4D %åE åX"E] M» W"9[\QC 4ü ;[C] X¾|  
 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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\9T \9T \9T \9T 9999    ----    IåO'XB XdC ̂M["6 ITIåO'XB XdC ̂M["6 ITIåO'XB XdC ̂M["6 ITIåO'XB XdC ̂M["6 IT               \9T \9T \9T \9T 10101010    ––––    $G9̂O I\̂íC4[$G9̂O I\̂íC4[$G9̂O I\̂íC4[$G9̂O I\̂íC4[ 

\Gì4VÁ\Gì4VÁ\Gì4VÁ\Gì4VÁ:::: W_9G[ #iah\64ü Gd ÎíC4[QND 4� 4[NÁ-4Q[ID 4h K�C #L[\TC å4N[ Xe, IO"Ĉ &W4� ÎíC4[QN M» 
$G^#Nh6 4� #[O\ãL4 TVµ M», 9_!å4 \T\L> Wfà>TdNO M[T $"'d;]-WXNh6] Dd, $C# I^íC4[QN]G 4[Nµ M» 
O[;L[V[ 4[ #Nh6 XíC\Q\5C N[ $ÝN M[GT-\GìI[åEC 4[Nµ C4 X] W]åMC OX[| IO W_9G[ #iah\64ü 4� 
\T4[W, &W4� N_G]4h@ 4� WMDÁG, JhGdå>4 4üKh@Á .T" $ÝN %W[G &ÝÎ> WX[N4 Wfà>TdNOD 4ü (IQáFC[ Gd 
O[;L[V[ 4� C4G]4ü 4[Nµ M» WM[TdU 4[ ŴGXO[ $TWO (IQáF 4O[N[ Xe, 3O &G4� $G^#Nh6 Wd We4 
ÎíC4[QN L] “;G-W^\TF[” 4h “;G-W^QL” KG[Gd 4� $IGd Q÷N 4ü I_\CÁ M» .4 íCO C4 I�"9[ Xe, 3O $GTOC 
#N[WOC Xe|  

FÝNT[E É[IGFÝNT[E É[IGFÝNT[E É[IGFÝNT[E É[IG: : : : Qd54 ÎíC4[QN 4� WMíC 4åMÁND 4� #\C %L[O êNF 4OCd X¾, \;G4� WCC #N[WD Wd X] 
ÎíC4[QN O[;L[V[ \CN[ÝTNG 4� $IGd Q÷ND 4ü I_\CÁ4O I[ OX[ Xe| &W Qd5 4h \Q5Gd 3O #í ĈC 4OGd 4[ 
$TWO #E[G 4OGd XdĈ W"6h�] WåM\C 3O åX"E] 4È 4[ L] %L[O|  
  

W"ELÁW"ELÁW"ELÁW"ELÁ    

1. IåO'XB I"\;4[ (1965-1975), &í4�W ÎíC4[QN, $XME[K[E|  

2. JfÊW, í>]T. ÎíC4[QND 4[ GN[ $TC[O!. íIeG, ;GTO] / JOTO] 2015. 
http://span.state.gov/hi/node/8665, Wd 07/03/2015 4h $\L6[åMC|  

****************************    
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$"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6    

$"CåOÈ \TL[6 4ü TdKW[&>D M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ \TL[6 4ü TdKW[&>D M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ \TL[6 4ü TdKW[&>D M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ \TL[6 4ü TdKW[&>D M» O[;L[V[ 4� #6[M] #Nh6    

WhG_ ;eGWhG_ ;eGWhG_ ;eGWhG_ ;eG, , , , 4\G� åX"E] $GT̂[E44\G� åX"E] $GT̂[E44\G� åX"E] $GT̂[E44\G� åX"E] $GT̂[E4    

$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412$"CåOÈ (INh6 412    

W[O#W[O#W[O#W[O#    
\TëT I>Q IO L[OC .4 $"CåOÈ U\F 4� eI M» íD[\IC Xh 9̂4[ Xe| $IG] íTEdU] C4G]å4ND 3O GT]GCM 
åMUGD 4� 4[OB L[OC 4ü EÈC[ 3O Q[6C #L[TU]QC[ 4� WL] 4[NQ �. X¾| $"CåOÈ \TL[6 4� CXC 4[NÁOC 
L[OC]N $"CåOÈ $G^W"F[G W"6?G L[OC WO4[O Wd \TÇIh\VC .T" \GN"TB[F]G TeÉ[\G4 W"íD[G Xe| W"7 WO4[O 
4ü O[;L[V[ G]\C 4� $G^I[QG M» \T\L> 6\C\T\FND 4[ W"9[QG &W W"6?G 4ü L] \;ãMdE[O] Xe, \;Wd G 4�TQ 
&W W"6?G Gd K5_K] \GL[N[ Xe $\IĈ O[;L[V[ 4� #6[M] #Nh6D 4� ÈdT M» $IdÈ[ Wd $\F4 GT[9[ON^F 4[NÁ W"I> 
å4. X¾| &W %Qd5 M» $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� GT[9[ON^F #6[M] #Nh6D IO #4[U @[Q[ 6N[ Xe| 
$"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6 4h C]G 9OBD 4� W"ELÁ M» Ed5[ ;[ W4C[ Xe| $"CåOÈ 
\TVN4 $ÜNNG $ÜN[IG 4[NÁ åX"E] M» å4N[ ;[G[, \TëQdVB, $G^W"F[G .T" \T4[W 4[Nµ M» åX"E] 4[ #Nh6 
å4N[ ;[G[ 3O \T4\WC #iah\6å4ND 4ü %M ;GC[ C4 I�!9 W^QL KG[Gd 4� \Q. #W[O 4ü L[V[ 4� eI M» 
O[;L[V[ 4� #Nh6 4[ %'X O5G[|  

#íC[TG[##íC[TG[##íC[TG[##íC[TG[#    
NåE XM \G4> L_C4[Q IO t\`I[C 4O» Ch I[."6d å4 M[T 65 TVÁ I_TÁ X] L[OC WO4[O Gd NX \GBÁN \QN[ å4 
L[OC 4h W_T M» \IOhGd 4� \Q. åX"E] 4ü WTÁíT]4[NÁC[ 4� \Q. 4[NÁ 4OGd 4ü %TëN4C[ Xe| \;W4ü W"\TF[G 4� 
L[6 17 M» $G^Ï:dE 343 Wd 351 M» eIOd5[ IåO4\çIC 4ü 6'| CÙIë9[Cj &W W"TdEGU]Q M̂ªd IO 1963 M» 
O[;L[V[ $\F\GNM 3O 1976 M» O[;L[V[ \GNM \GK; å4. 6.| L[V[ 4� ;å>Q #ëG 4� WM[F[G 4� \Q. 1975 
M» O[;L[V[ \TL[6 4ü íD[IG[ 4ü 6'|  

412]N åX"E] \GEdU[QN, TeÉ[\G4 C4G]4ü UáE[TQ] %Nh6, 412]N åX"E] #\UÈB W"íD[G, %åE ;eW] $Gd4 
W"íD[2" 4h O[;L[V[ 4� \T4[W .T" \TíC[O]4OB 4� \Q. 4[NÁOC å4N[ 6N[| &G WK #N[WD 4� K[T;_E NX 
M[ÝNC[ tu KG] �' Xe å4 TeÉ[\G4 3O C4G]4ü \TVND 4� \Q. M[ÜNM 4� eI M» $"'d;] X] .4M[T (IN^F 
\T4çI Xe| &W tu M[ÝNC[ 4� \TIO]C \I:Qd 4W: WMN M» $"CåOÈ #hai\64ü 4� ÈdT M» M[G\W4 íCO IO $Gd4 
IåOTCÁG Ed5Gd M» %. X¾ \;GWd NX #C]C XhC[ Xe å4 TX åEG E_O GXù ;K åX"E] &W ÈdT M» .4 WUF M[ÜNM L[V[ 
4� eI M» (LO4O W[MGd %.6]| $"CåOÈ \TL[6 3O L[OC]N $ĜW"F[G W"6?G 4� 412/N_\G>D M» $"CåOÈhÝM^5] 
íTEdU] C4G]å4ND 4[ \T4[W 4[NÁ Q"Kd WMN Wd XhC[ 9Q[ % OX[ Xe $K &WM» .4 F[O[ 3O ;^tC] åE5[' Ed OX] 
Xe| $"CåOÈ #iah\64ü M» O[;L[V[ 4� #6[M] #Nh6|  

$"CåOÈ $G^#Nh6D M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6D M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6D M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6D M» O[;L[V[ 4� #6[M] #Nh6::::    

L[OC]N $"CåOÈ 4[NÁCM 4� ;G4 \TCM W[O[L[' 4ü IåO4çIG[ D] å4 $"CåOÈ #iah\64ü 4[ EhXG W[M[\;4 
åXC M» å4N[ ;[G[ 9[åX., &W] IåO4çIG[ 4h ÜNdN KG[4O L[OC]N $"CåOÈ 4[NÁCM Gd $Gd4 \T4[W 9OB I_BÁ 
å4. %; \TëTI>Q IO $"CåOÈ 4� $WeÝN/G[6åO4 (INh6 4� ÈdT M» 4h' W"íD[ $'B] Xe Ch TX Xe L[OC]N 
$"CåOÈ $G^W"F[G W"6?G| L̂TG, W[4[O, %åE $Gd4 $G^#Nh6D 4� G[M åX"E] M» O5d ;[ OXd X¾| /Wd #N[W å4. ;[ 
OXd X¾ å4 $\F4 Wd $\F4 åX"E] 4� #Nh6 4� M[ÜNM Wd ;GW[M[ÝN C4 $"CåOÈ \TÉ[G .T" #iah\64ü 4ü I�!9 
W^\G\ë9C 4ü ;[ W4�|  

$"CåO$"CåO$"CåO$"CåOÈ \TL[6È \TL[6È \TL[6È \TL[6////&WOh 4ü TdKW[&>D 4[ WM[G["GCO åX"E] eI["COB#&WOh 4ü TdKW[&>D 4[ WM[G["GCO åX"E] eI["COB#&WOh 4ü TdKW[&>D 4[ WM[G["GCO åX"E] eI["COB#&WOh 4ü TdKW[&>D 4[ WM[G["GCO åX"E] eI["COB#    
L[OC WO4[O 4ü 2O Wd 4td \GE¼U X¾ å4 W"7 WO4[O Wd \TÇIh\VC .T" (W4� \GN"TB 4� $F]G WL] W"6?GD, 
\G6MD, 4[N[ÁQND CD[ W"íD[2" 4ü TdKW[&>» \GNM[G^W[O \OL[V] XhG] 9[åX.| W"WE]N WåM\C WMN WMN IO 
$IGd \GO]ÈB EiOD 4� EiO[G 4�ßN_>O %F[åOC $G^#Nh6D 4ü åX"E] M» (IQáFC[ IO \TUdV KQ EdC] ;[C[ Xe| 
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#F[GM"T] 4[N[ÁQN Gd L] &W W"K"F M» 4t[ �5 $IG[Cd �. \GE¼U ;[O] å4. X¾ å4 TdKW[&>D IO $"'d;] 3O åX"E] 
$aCG]4OB W[D-W[D å4N[ ;[.|  
 

L[OC]N $"CåOÈ $G^W"F[G W"6?G 4ü TdKW[&># 

$"CåOÈ \TL[6/&WOh 4� 
412/N_\G>D 4ü WL] 
&">OGd> TdKW[&>D 4h 
\OL[V] eI M» $a\CC 
O5[ ;[C[ Xe| $"CåOÈ 
\TL[6 / &WOh 4ü íTC"T 
TdKW[&> 4� $\CåOF 
&W4� $F]G 4[NÁOC 
\T\L> 412/ N_\G>D 4ü 
íTC"T TdKW[&>» L] X¾| 4W: 
412/N_\G>D 4[ M̂5Ì� 
4[ åX"E] W"í4OB G]9d 
EU[ÁN[ ;[ OX[ Xe# – 

$"CåOÈ (INh6 412 4ü TdKW[&> 

 
 

&í>Äe4 4ü TdKW[&> 

 
 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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                           %';d4 4ü &">Ä[Gd> TdKW[&># 

4W: 412/N_\G> .4 4EM 
3O %6d Ku4O $IGd 412 
4ü &">Ä[Gd> TdKW[&>D 3O 
$G^#Nh6D 4h L] \OL[V] 
eI M» $a\CC O5Gd 4[ 
#N[W4O OX» X¾| &W4� 
412/N_\G>D 4� 
$\F4[åOND/4MÁ9[åOND 4� 
$"EO L] O[;L[V[ 4� #\C 
W;6C[ 4[ M[XiQ CeN[O 
XhC[ Xe| 4W: 412/ N_\G>D 4ü 
&">Ä[Gd> TdKW[&>D/ $G^#Nh6D 
4h G]9d EU[ÁN[ ;[ OX[ Xe# 

We4 4ü .M%'.W@] TdKW[&> 

 

We4 4ü 4 �>]G #K"FG XdĈ &">Ä[Gd> TdKW[&> $ÈNI[T 
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We4 4ü %4\íM4 $T4[U #K"FG XdĈ W].QT4·¥h .¤]4�UG 

 

We4 4ü $"UE[N] íT[íÚN WdT[ Nh;G[ #K"FG XdĈ $G^#Nh6 

 

L[OC WO4[O 4� \GE¼U[G^W[O \T4\WC $G^LT $G^#Nh6 
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$"CåOÈ åMUGD 4� L[OC]N G[M$"CåOÈ åMUGD 4� L[OC]N G[M$"CåOÈ åMUGD 4� L[OC]N G[M$"CåOÈ åMUGD 4� L[OC]N G[M::::    

W"WE]N O[;L[V[ WåM\C 4ü åOIh>Á 4� %F[O IO L[OC 4� O[ Ä̀I\C 4� $G^MhEG IO \GEdU ;[O] å4. 6. \;WM» &W 
K[C IO KQ åEN[ 6N[ Xe å4 W"7 WO4[O 4� \GN"TB 4� $F]G WL] W"6?G/\G6M/4[N[ÁQND 4� L[OC]N G[M O5d 
;[."| &W W"K"F M» $"CåOÈ \TL[6 4ü IXQ $L_CI_TÁ OX] Xe| #DM L[OC]N (I'X 4[ G[M %NÁL� O5[ 6N[ (W4� 
K[E L[í4O, OhåXB], 4çIG[, 9"2N[G, M"6QN[G, %åEÙN, %åE 4' G[M &WM» ;^tCd ;[ OXd X¾| NX $"CåOÈ Wd 
;^t] 6\C\T\FND M» W"7 4ü O[;L[V[ åX"E] 4� WUF #6[M] #Nh6 4[ W^íI` (E[XOB Xe| $L] L] &W åEU[ M» 3O 
$\F4 #N[WD 4ü %TëN4C[ åE5[' EdC] Xe| $\F4CO åMUGD 3O (I'XD CD[ Of4�>D 4� G[M êN[ËN[ÙM4 X¾ 
&ÝX» W^W"K; L[OC]N G[M Ed4O L[OC]N UáED 4h \TëT íCO IO Qh4\#N KG[N[ ;[ W4C[ Xe|  

    

(INh\6C[ 4ü t\` Wd $\F4 #N[WD 4ü %TëN4C[#(INh\6C[ 4ü t\` Wd $\F4 #N[WD 4ü %TëN4C[#(INh\6C[ 4ü t\` Wd $\F4 #N[WD 4ü %TëN4C[#(INh\6C[ 4ü t\` Wd $\F4 #N[WD 4ü %TëN4C[#    
;eW[ å4 ;G W[M[ÝN 4� \Q. $"CåOÈ Wd ;^t] #iah\64ü 4[ (INh6 XM[O[ M_Q ÜNdN OX[ Xe, &W\Q. NX %TëN4 
Xh ;[C[ Xe å4 $"CåOÈ Wd ;^t] ;[G4[åON[" CD[ $G^#Nh6D M» UC-#\CUC åX"E] 4[ #Nh6 L] å4N[ ;[.| $ÝND[ 
XM 4t] MdXGC Wd X[\WQ 4ü 6' (IQ\áFND 4h M[T $"'d;] L[V[ M» (IQáF 4O[4O W"Ĉ` KGd OX»6d 3O %M 
;GC[ XM[O] MdXGC Wd $Id\ÈC Q[L GXù (?[ W4�6]| $C# ;K L] 4h' W[M[\;4 (INh6 4ü t\` Wd å4W] 
TdKW[&>/$G^#Nh6/W^\TF[ 4[ \T4[W å4N[ ;[. Ch &W K[C 4[ ÜN[G O5[ ;[. å4 (WM» O[;L[V[ 4[ #Nh6 
$\GT[NÁ eI Wd å4N[ ;[.|  

    

(IW"X[O#(IW"X[O#(IW"X[O#(IW"X[O#    
$"CåOÈ \TU[Q Xe (W4[ EhXG4O XM M[GT 4çN[B 4� \Q. $Gd4 Ŵ\TF[2" 4[ W`;G4O W4Cd X¾ 3O \T6C 
TVµ M» å4N[ L] Xe, Qdå4G ;GW[M[ÝN 4ü L[V[ M» &G W^\TF[2" 4[ #W[O .T" \GM[ÁB G XhGd Wd $Id\ÈC Q[L GXù 
åMQ I[ OX[ Xe| X[Q["å4 &W åEU[ M» $Gd4 #N[W �. X¾ 3O #6\CU]Q A"6 Wd O[;L[V[ 4[ (INh6 Ku[ Xe Qdå4G 
4Xù G 4Xù XM êN[I4 ;GM[GW Wd W]Fd ;^tGd M» (CGd WJQ GXù �. X¾| ÊNDå4 $"'d;] M» \T4\WC $G^#Nh6D 
C4 (G4ü W]F] I�!9 GXù XhC]| (ÝX» å4W] .;»W] (;h M[T L[V["CO/\TT[94 4ü L_åM4[ \GL[C] Xe) 4� M[ÜNM Wd 
&G4[ (INh6 WM<[N[ ;[C[ Xe| %; %TëN4 Xe å4 XM 4_C W"4çI XD 3O ;GW[M[ÝN 4ü L[V[ 4[ (INh6 
\GOIT[E eI Wd 4O»| \G\ë9C $"CåOÈ TOE[G Xe 3O &WWd êN[I4 IeM[Gd IO ;G4çN[B 4[NÁ å4. ;[ W4Cd X¾, 
KW L[V[ 4ü 6XO] 5[' Gd XM» ;G4çN[B Wd Oh4 O5[ Xe|  

| | &\C| |  

  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6        
$"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� KuCd 4EM $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� KuCd 4EM $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� KuCd 4EM $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� KuCd 4EM     

4MQdU 4W4MQdU 4W4MQdU 4W4MQdU 4WM[O KO[N[M[O KO[N[M[O KO[N[M[O KO[N[    
4425442544254425, , , , C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6C[I]N $\LN["\T4ü #L[6    

$"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 $"CåOÈ (INh6 412412412412    ((((&WOh&WOh&WOh&WOh))))    
$XME[K[E$XME[K[E$XME[K[E$XME[K[E----380015380015380015380015    

    E_OL[V# E_OL[V# E_OL[V# E_OL[V# 079079079079----26914425 26914425 26914425 26914425     
''''----MdQ# MdQ# MdQ# MdQ# kkbaraya@sac.isro.gov.inkkbaraya@sac.isro.gov.inkkbaraya@sac.isro.gov.inkkbaraya@sac.isro.gov.in    

#íC[TG[#íC[TG[#íC[TG[#íC[TG[    
\TëT M» XM[Od EdU 4ü IX9[G XM[O] \T\TFC[." X¾| F[åMÁ4, W[M[\;4, W["í4_\C4, L[V[' .T" Li6h\Q4 \T\TFC[2" 
4h .4 W_T M» K["Fd O5Gd M» åX"E] L[V[ 4ü MXÙTI_BÁ L_åM4[ Xe| MX[G íTC"TC[ WdG[G] 4�UT 9Ý2 WdG 4� $G^W[O 
$IG] K[C 4h &W EdU M» %\5O] êN\F C4 I�"9[Gd 4[ WOQCM M[6Á åX"E] X] Xe| ÊNDå4 åX"E] L[OC 4� %M;G 
4ü %ÙM[ M» KWC] Xe| XM[Od EdU 4� $\F4CO Qh6 åX"E] L[V[ 4� ;[G4[O X¾| åX"E] XM[Od EdU 4� ;G-;G 4ü L[V[ 
Xe| &W\Q., $"CåOÈ #iah\64ü 4� Q[LD 4h %M;G C4 I�"9[Gd M» åX"E] L[V[ 4ü L_åM4[ MXÙTI_BÁ Xe| åX"E], XM[Od 
EdU 4� K�W"ËN4 Qh6D 4ü L[V[ XhGd 4� 4[OB NX W"I4· L[V[ 4� eI M» L] WKWd (IN^F L[V[ M[G] 6' Xe| åX"E] 
XM[Od EdU 4� &\CX[W, W"í4_\C, L_6hQ .T" ;]TG ;]Gd 4� CO]4� Wd ;^t] �' Xe| åX"E] X] XM[Od EdU 4ü W[M[\W4 
W"í4_\C 4� CÙTD 4h $\LêNF 4OGd 4[ Åd� M[ÜNM KG W4C] Xe| NX L[V[ XM[O] IX9[G Xe| &W\Q. ;G-;G 
C4 I�"9 KG[Gd 4� \Q. åX"E] X] Åd� Xe| W"\TF[G \GM[ÁC[2" Gd åX"E] 4� &W MXÙT 4h íT]4[OCd �. åX"E] 4h 
W"\TF[G M» O[;L[V[ 4[ íD[G åEN[ Xe|  
\TÉ[G .T" #iah\64ü 4ü $Gd4 U[5[." X¾ CD[ M[GT 4� \Q. WL] U[5[." WM[G eI Wd MXÙTI_BÁ X¾| Qdå4G 
$"CåOÈ \TÉ[G .T" #iah\64ü 4[ M[GT M\íCì4 M» .4 \TUdV íD[G XhC[ Xe| #[N# WL] Qh6D 4h $"CåOÈ \TÉ[G 
.T" #iah\64ü 4� #\C \TUdV %4VÁB .T" 4iĈXQ XhC[ Xe| %M;G $"CåOÈ 4h .4 OXíN .T" OhM["9 4� eI M» 
Ed5C[ Xe| $"CåOÈ 4ü \TU[QC[ .T" ;å>QC[." %M;G 4ü 4çIG[ Wd K[XO XhG[ L] &W4[ .4 4[OB Xe| .4 
%M;G $"CåOÈ .T" W"K"\FC É[G 4h $IG] I�"9 Wd K[XO WM<C[ Xe Qdå4G $"CåOÈ 4� #\C (W4ü \;É[W[ XM»U[ 
KG] OXC] Xe| &W\Q. %M;G M» \TÉ[G .T" #iah\64ü 4� #\C ;[6e4C[ \T4\WC 4OGd 4� \Q. $"CåOÈ \TÉ[G 
WKWd #L[TU[Q] \TVN \W; Xh W4C[ Xe| \TÉ[G .T" #iah\64ü 4� \T4[W Gd $"CåOÈ M» M[GT 4ü I�"9 4h 
W"LT4O åEN[ Xe 3O TX åEG E_O GXù Xe ;K %M;G 4� \Q. L] $"CåOÈ M» I�"9 W^6M Xh ;[.6]| &W\Q. Qh6D M» 
\TÉ[G 4� #\C ;[6e4C[ Ku[Gd .T" TeÉ[\G4 Wh9 4h \T4\WC 4OGd 4� \Q. $"CåOÈ \TÉ[G .T" #iah\64ü Wd 
;^td Qh6D 4ü \;ãMdE[O] 3O $\F4 Xh ;[C] Xe| $6O $"CåOÈ 4� É[G .T" Q[LD 4[ #9[O .T" #W[O %M;G 4ü 
L[V[ M» Xh Ch (W4[ #L[T 4' 6̂G[ $\F4 Xh ;[C[ Xe| åX"E] %M;G 4ü L[V[ XhGd 4� 4[OB L[OC 4� $"CåOÈ 
#iah\64ü 4� ÈdT M» åX"E] 4ü L_åM4[ $\F4 MXÙTI_BÁ Xh ;[C] Xe|  
    

    

$"CåOÈ #iah\64ü 4� ÈdT M» åX"E]$"CåOÈ #iah\64ü 4� ÈdT M» åX"E]$"CåOÈ #iah\64ü 4� ÈdT M» åX"E]$"CåOÈ #iah\64ü 4� ÈdT M» åX"E]    
W"\TF[G 4� $G^Ï:dE 343 4� $GŴ[O åX"E] 4h L[OC W"7 4ü O[;L[V[ 4� eI M» M[ÝNC[ E] 6' Xe| W"\TF[G 4� 
$G^Ï:dE 351 4� $G^W[O L[OC WO4[O 4[ NX E[\NÙT Xe å4 TX WO4[O] 4[M-4[; M» åX"E] 4� #Nh6 4h Ku[. 
CD[ (W4[ \T4[W 4Od \;WWd XM[Od EdU M» åX"E] L[V[ 4h TX íD[G #[o Xh W4� \;W4ü TX X4E[O Xe| &W4[NÁ 4� 
\Q. 6̀X M"T[QN 4� íTC"T \TL[6 4� eI M» ;_G 1975 M» O[;L[V[ \TL[6 4ü íD[IG[ 4ü 6'| CL] Wd NX \TL[6 
WO4[O] 4[N® M» åX"E] 4� #6[M] #Nh6D 4� \Q. #N[W4O OX[ Xe| $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� #Nh6 4h 
Ku[Gd 4� \Q. 4' Nh;G[." .T" 4[NÁCM KG[. 6. X¾| XM[Od EdU M» $"CåOÈ \TÉ[G, #iah\64ü .T" $"CåOÈ 4� 
$G^#Nh6D Wd W"K"\FC 4[NÁ $"CåOÈ \TL[6 4� 4[NÁ ÈdT 4� $"C6ÁC %Cd X¾| &W\Q. $"CåOÈ \TL[6 4� WL] 4�Ý2D M» 
O[;L[V[ $G^L[6D 4ü íD[IG[ 4ü 6' Xe| Nd $G^L[6 $"CåOÈ \TL[6 M» åX"E] 4� #Nh6D 4h Ku[Gd 4� \Q. \T\L> 
4[NÁCMD 4[ W"9[QG .T" WMÝTN 4OCd X¾| \TL[6 4� 4�Ý2D .T" &4[&ND M» O[;L[V[ 4[N[ÁÝTNG WåM\CND 4[ L] 
6?G å4N[ ;[C[ Xe| Nd WåM\CN[" 4�Ý2D M» 4[M-4[; M» åX"E] 4� #Nh6 4h Ku[Gd 4� \Q. %TëN4 M[6Á EUÁG #E[G 
4OC] X¾| $"CåOÈ \TL[6 4� 4�Ý2D M» åX"E] 4� #6[M] #Nh6D 4� \Q. 4' 4[NÁCMD 4[ W"9[QG å4N[ ;[C[ Xe| 
$"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� 4W: M̂ËN #Nh6D 4[ \TTOB %6d åEN[ ;[ OX[ Xe|  
 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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åX"E] M» CåX"E] M» CåX"E] M» CåX"E] M» C4G]4ü W"6h\�N[" 4G]4ü W"6h\�N[" 4G]4ü W"6h\�N[" 4G]4ü W"6h\�N["     
$"CåOÈ \TL[6 4� \T\L> 4�Ý2D .T" &4[&ND M» #\CTVÁ åX"E] C4G]4ü W"6h\�ND 4[ %Nh;G å4N[ ;[C[ Xe| 
#ÙNd4 TVÁ .4 412 M» $"CO4�Ý2]N íCO 4ü W"6h�] 4[ L] %Nh;G å4N[ ;[C[ Xe| &H W"6h\�ND M» $"CåOÈ 4� 
4[Nµ Wd ;^td TeÉ[\G4 .T" $\LN"C[ $"CåOÈ #iah\64ü Wd W"K"\FC \T4[W .T" $G^W"F[G 4� 4[Nµ IO åX"E] M» \Q5d 
Qd5D 4ü #íĈ\C 4OCd X¾| &G W"6h\�ND 4� M[ÜNM Wd TeÉ[\G4 $"CåOÈ #iah\64ü 4� $aCG ÈdTD M» 4[NÁ 3O 
$IGd $ĜLTD 4� K[Od M» åX"E] M» 99[Á 4OCd X¾ CD[ åX"E] L[V[ 4� M[ÜNM Wd É[G 4[ %E[G #E[G 4OCd X¾| &G 
W"6h\�ND 4� WJQ %Nh;GD Gd NX \W;4O åE5[N[ Xe å4 $"CåOÈ #iah\64ü 4� ;å>Q .T" $aCG ÈdTD M» L] 
åX"E] M» 4[NÁ å4N[ ;[ W4C[ Xe| /W[ Ed5[ ;[ W4C[ Xe å4 TVÁ EO TVÁ &G W"6h\�ND M» #íĈC Qd5D 4ü 6̂BTÇ[ M» 
%U[C]C T̀\; Xh OX] Xe| &G W"6h\�ND 4� %Nh;G Wd $"CåOÈ \TL[6 4� $\CåOF %M;G .T" UhF :[TD 4h L] 
$"CåOÈ #iah\64ü 4� ÈdT M» å4. ;[ OXd 4[Nµ 4� K[Od M» ;[G4[O] #[o XhC] Xe|  
    

åX"E] M» Ií̂C4 Qd5G åX"E] M» Ií̂C4 Qd5G åX"E] M» Ií̂C4 Qd5G åX"E] M» Ií̂C4 Qd5G     
$"CåOÈ \TL[6 Gd åX"E] M» Mi\Q4 ÎíC4 Qd5G 4h #hÙW[åXC 4OGd 4� \Q. .4 ÎOí4[O Nh;G[ U^e 4ü Xe| åX"E] M» 
TeÉ[\G4 .T" C4G]4ü \TVND IO Mi\Q4 I^íC4D 4� Qd5G 4h #hÙW[åXC 4OGd 4� \Q. NX .4 $Ï:] U^�%C Xe| 
L[OC WO4[O 4� O[;L[V[ \TL[6 4� O[O[ L] åX"E] M» Mi\Q4 ÎíC4 Qd5G 4� \Q. #hÙW[XG Nh;G[." 9Q OX] X¾| 
$"CåOÈ \TL[6 4� 4' TeÉ[\G4D Gd C4G]4ü \TVND IO Qh4\#N ÎíC41 \Q5] X¾| /W] ÎíC41 %M;GD 4� W[D-
W[D $"CåOÈ TeÉ[\G4D 4� \Q. L] (INh6] XhC] X¾|  
    

åX"E] I\T4[."åX"E] I\T4[."åX"E] I\T4[."åX"E] I\T4[."    
$"CåOÈ \TL[6 4� \T\L> 4�Ý2D O[O[ åX"E] M» 6̀X I\T4[2" 4[ #4[UG å4N[ ;[C[ Xe| Nd I\T4[." $"CåOÈ \TL[6 
4� TeÉ[\G4D 4ü TeÉ[\G4 $\LêN\F 4� W[D-W[D W[åX\ÙN4 $\LêN\F 4� \Q. L] M"9 #E[G 4OC] Xe|  
    

$"CåOÈ IåONh$"CåOÈ IåONh$"CåOÈ IåONh$"CåOÈ IåONh;G[2" Wd W"K"\FC Ke?4D M» åX"E] 4[ #Nh6;G[2" Wd W"K"\FC Ke?4D M» åX"E] 4[ #Nh6;G[2" Wd W"K"\FC Ke?4D M» åX"E] 4[ #Nh6;G[2" Wd W"K"\FC Ke?4D M» åX"E] 4[ #Nh6    

$"CåOÈ #iah\64ü .4 /W[ $"CO-\TVN4 ÈdT Xe ;X[" \T\L> \TVND M» 4[NÁ 4O OXd TeÉ[\G4D .T" $\LN"C[2" 4ü 
WXL[\6C[ Wd X] 4h' IåONh;G[ WJQ Xh W4C] Xe| &W\Q. C4G]4ü 99[Á2" 4� \Q. Ke?4D 4[ %Nh;G Ee\G4 
4[NÁ 4[ $\GT[NÁ $"6 XhC[ Xe| /W] Ke?4D M» $"CåOÈ TeÉ[\G4 C4G]4ü 99[Á2" 4� \Q. åX"E] 4[ #Nh6 $\F4 
4OGd Q6d X¾| /W[ L] Ed5[ 6N[ Xe å4 åX"E]CO ÈdTD 4� Qh6 L] åX"E] 4[ $Ï:[ #Nh64O QdCd X¾| &G Ke?4D M» L[6 
QdGd T[Qd #\CL[6] \T\L> \TVND 4� \TUdVÉ X] GXù XhCd X¾ K\ç4 Td \T\L> L[V[' ÈdTD 4� Qh6 XhCd X¾| \L>-\L> 
#["CD 4� Qh6 IOíIO åX"E] M» $"CåOÈ #iah\64ü 4� $aCG \TVND IO 99[Á 4OCd X¾| &W COX $"CåOÈ #iah\64ü 4� 
ÈdT M» åX"E] XM[Od EdU 4ü \T\TFC[2" 4h L] .4W_T M» K["Fd O5Gd 4[ 4[NÁ 4O OX] Xe|  
    

åX"E] M[XåX"E] M[XåX"E] M[XåX"E] M[X    

$"CåOÈ \TL[6 4� \T\L> 4�Ý2D .T" &4[&ND M» #ÙNd4 TVÁ \WC"KO M[X 4� EiO[G åX"E] M[X/I5T[t[ 4[ %Nh;G 
å4N[ ;[C[ Xe| åX"E] M[X/I5T[t[ 4� EiO[G \T\TF #\CNh\6C[2" 4[ %Nh;G å4N[ ;[C[ Xe &G #\CNh\6C[2" M» 
#\CL[\6ND 4� åX"E] L[V[ 4� É[G 4[ M_çN["4G Ch XhC[ X] Xe &W4� $\CåOF Nd MGhO";4 .T" É[G#E XhC] Xe| &G 
#\CNh\6C[2" M» TeÉ[\G4/$\LN"C[ .T" $ÝN 4MÁ9[O] (ÙW[X 4� W[D L[6 QdCd X¾| Nd %Nh;G $"CåOÈ \TL[6 4� 
4[N[ÁQND M» T[C[TOB 4h åX"E]MN KG[Gd M» $ÙN"C WX[N4 XhCd X¾ \;WWd åX"E] 4� #Nh6 4h Ku[T[ åMQC[ Xe|  
    

åX"E] M» TdKW[&>»åX"E] M» TdKW[&>»åX"E] M» TdKW[&>»åX"E] M» TdKW[&>»    
åX"E] 4� #Nh6 4h Ku[Gd 4� \Q. $"CåOÈ \TL[6 Wd W"K"\FC TdKW[&>D 4� åX"E] W"í4OB L] \T4\WC4O \Q. 6. X¾| 
&G TdKW[&>D 4� M[ÜNM Wd $"CåOÈ TeÉ[\G4D 4� $\CåOF $ÝN 4MÁ9[åOND .T" EdU 4� %M;GD 4h L] $"CåOÈ 
W"K"\FC 6\C\T\FND 4� K[Od M» åX"E] M» ;[G4[O] åMQ OX] Xe|  
    

    

C4G]4ü #L[6D .T" $G^L[6D 4� åX"E] M» 4[NÁ 4OGd 4� \Q. #hÙW[XGC4G]4ü #L[6D .T" $G^L[6D 4� åX"E] M» 4[NÁ 4OGd 4� \Q. #hÙW[XGC4G]4ü #L[6D .T" $G^L[6D 4� åX"E] M» 4[NÁ 4OGd 4� \Q. #hÙW[XGC4G]4ü #L[6D .T" $G^L[6D 4� åX"E] M» 4[NÁ 4OGd 4� \Q. #hÙW[XG    



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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We4/@d4� 4ü 2O Wd &W4� \T\L> C4G]4ü #L[6D .T $G^L[6D M» åX"E] M» Ee\G4 4[NÁ 4OGd 4� \Q. #hÙW[XG 
Nh;G[ 9Q OX] Xe| &W Nh;G[ Wd $"CåOÈ TeÉ[\G4D .T" $\LN"C[2" 4h C4G]4ü 4[NÁ åX"E] M» 4OGd 4� \Q. 
#hÙW[XG åMQC[ Xe|  
    

åX"E] M» T]å@ND 4[NÁCMD 4[ \GM[ÁBåX"E] M» T]å@ND 4[NÁCMD 4[ \GM[ÁBåX"E] M» T]å@ND 4[NÁCMD 4[ \GM[ÁBåX"E] M» T]å@ND 4[NÁCMD 4[ \GM[ÁB    

$"CåOÈ \TÉ[G .T" $"CåOÈ W"K"\FC 6\C\T\FND 4ü ;[G4[åOND 4h \Ta[\DÁND .T" %M;G 4� MÜN I�"9[Gd 4� \Q. 
$"CåOÈ \TL[6 O[O[ T]å@ND 4[NÁCMD 4[ \GM[ÁB å4N[ ;[C[ Xe|  
(I'X #ÈdIB 4[NÁCMD 4[ åX"E] M» #W[OB 

$"CåOÈ \TL[6 O[O[ (I'X #ÈdIB 4� 4[NÁCMD 4[ W]F[ #W[OB åX"E] M» L] å4N[ ;[C[ Xe| /Wd #W[OBD W» 
$"CåOÈ #iah\64ü Wd W"K"\FC 6\C\T\FND 4ü åX"E] M» #ÙNÈ ;[G4[O] #[o Xh ;[C] Xe|  
 

åX"E] M» #\UÈB .T" 4[NÁU[Q[."åX"E] M» #\UÈB .T" 4[NÁU[Q[."åX"E] M» #\UÈB .T" 4[NÁU[Q[."åX"E] M» #\UÈB .T" 4[NÁU[Q[."    
$"CåOÈ \TL[6 4� 4[N[ÁQND M» åX"E] $G^L[6D O[O[ åX"E] M» 4[NÁW[F4 É[G G O5Gd T[Qd 4MÁ9[åOND 4� \Q. C]G 
I[�CMD #KhF, #T]B .T" #[É XdĈ 4È[2" 4[ W"9[QG å4N[ ;[C[ Xe| åX"E] $G^L[6D O[O[ 4[NÁU[Q[2" 4[ L] 
%Nh;G å4N[ ;[C[ Xe \;GM» 4MÁ9[åOND 4h åX"E] 4[ #[Nh\64 #\UÈB åEN[ ;[C[ Xe|  
    

åX"E] M» 4ãßN_>O 4� #Nh6 åX"E] M» 4ãßN_>O 4� #Nh6 åX"E] M» 4ãßN_>O 4� #Nh6 åX"E] M» 4ãßN_>O 4� #Nh6 ----    >"4B .T" $GT̂[E>"4B .T" $GT̂[E>"4B .T" $GT̂[E>"4B .T" $GT̂[E    

W_9G[ #iah\64ü .T" 4ãßN_>O 4� (INh6 Wd $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4[ #Nh6 W^6M Xh 6N[ Xe| 
M[&ChWfà> \T"th; M» åX"E] 4� N_G]4ht JhÝÔW 4ü (IQáFC[ Wd 4ãßN_>O IO åX"E] M» >"4B %W[G Xh 6N[ Xe| 
åX"E] $G^L[6D O[O[ 4ãßN_>O IO åX"E] M» >"4B 4� #\UÈB 4ü L] êNTíD[ 4ü ;[C] Xe| &">OGd> IO åX"E] $G^T[E 4� 
\Q. \T\L> Wfà>TdNO (IQáF Xh 6. X¾, &G4ü MEE Wd C4G]4ü \TVND IO Qd5G 4[NÁ åX"E] M» %W[G] Wd å4N[ 
;[ W4C[ Xe| &">OGd> IO åX"E] WM[G[Dú UáE, $"'d;]-åX"E] �I["COB &ÙN[åE W^6MC[ Wd åMQ ;[Cd X¾| C4G]4ü 
UáE[TQ] %Nh6 4� M[ÜNM Wd \T\L> C4G]4ü .T" \TÉ[G \TVND Wd W"K"\FC $"'d;]-åX"E] C4G]4ü UáE[T\QN[" 
&">OGd> 4� M[ÜNM Wd W^6MC[ Wd @[(GQh@ 4ü ;[ W4C] X¾| Nd UáE[T\QN[" åX"E] M» C4G]4ü Qd5G 4� \Q. K�C 
(INh6] \W; XhC] X¾|  
    

$"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� #Nh6D 4h Ku[Gd 4� W<̂[T$"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� #Nh6D 4h Ku[Gd 4� W<̂[T$"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� #Nh6D 4h Ku[Gd 4� W<̂[T$"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4� #Nh6D 4h Ku[Gd 4� W<̂[T    

íTC"TC[ 4� :# EU4 K]C ;[Gd 4� K[E L] XM» åX"E] 4� #Nh6 4h Ku[Gd 4� \Q. \TUdV 4[NÁCMD 4[ %Nh;G 4OG[ 
ItC[ Xe $K XM» /W] M[G\W4C[ KG[G] 9[åX. å4 åX"E] 4� &G \T\U` 4[NÁCMD 4� $\CåOF \GNåMC \CN[ 
4Q[ID M» L] åX"E] 4h TX] ;6X åMQd ;h TCÁM[G M» $"'d;] 4h åMQ] �' Xe| &W åEU[ M» %6d KuGd 4� \Q. 4W: 
W^<[T åENd ;[ OXd X¾|  
� \GNåMC 4[Nµ Wd W"K"\FC C4G]4ü #\CTdEGD 4h åX"E] M» CeN[O 4OG[ 
� $"CåOÈ \TL[6 M» (INh6 M» å4. ;[ OXd C4G]4ü .T" #U[W\G4 4[Nµ Wd W"K"\FC $\F4 Wd $\F4 
Wfà>TdNOD 4� (INh6 4h \OL[V] KG[G[ 
� $"CåOÈ #iah\64ü Wd W"K"\FC \TVND IO åX"E] M» I\T4[2" 4[ #4[UG 

� $"CåOÈ #iah\64ü Wd W"K"\FC \TVND IO TVÁ M» 4M Wd 4M .4 K[O $"CåOÈ \TL[6 4� å4W] L] .4 412 N[ 
&4[' M» O[ Ä̀]N N[ $"CO[Á Ä̀]N íCO 4ü W"6h�] .T" WãMdQG 4[ åX"E] M» %Nh;G|  
� 4[N[ÁQND M» \GNåMC C4G]4ü 4[Nµ Wd W"K"\FC Ke?4D 4� 4[NÁT̀Ç 4� \TTOBD 4h åX"E] L[V[ M» L] CeN[O 
4OGd 4� \Q. #hÙW[XG 

� åX"E] M» $"CåOÈ \TÉ[G .T" #iah\64ü Wd W"K"\FC \TVND IO %F[åOC êN[ËN[GM[Q[2" 4[ \GNåMC %Nh;G 

� $G^L[6D .T" #L[6D M» C4G]4ü 4[Nµ 4h åX"E] M» 4OGd 4� \Q. Nh;G[ 4h $\F4 %4VÁ4 KG[G[ 9[åX. 
\;WWd TeÉ[\G4 C4G]4ü 4[NÁ åX"E] M» 4OGd 4� \Q. %W[G] Wd #dåOC Xh W4�|  
#DM t\` M» (IN^ÁF W^<[T WIGD 4ü COX $êNT[X[åO4 L] #C]C Xh W4Cd X¾, Qdå4G XM» NX N[E O5G[ 9[åX. 
å4 $"CåOÈ #iah\64ü 4� ÈdT M» XMGd ;h WJQC[." $\;ÁC 4ü X¾ Td L] 4W: EU4D IXQd WIGD 4� eI M» X] D]| 
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XM[Od EdU 4� $"CåOÈ TeÉ[\G4D Gd NX 4' K[O \W;4O åE5[N[ Xe å4 Td WIGD 4h M_CÁ eI EdGd 4ü ÈMC[." O5Cd X¾| 
&W\Q. XM[Od TeÉ[\G4 åX"E] L[V[ 4h L] WJQC[ 4ü G' )"9['"ND C4 I�"9[ W4Cd X¾, &WM» XM» 4h' W"EdX GXù 
O5G[ 9[åX.| &W4[NÁ 4h 4OGd M» XM» XM[O] ÈMC[2" M» 4h' W"EdX GXù Xe $6O ;eOC Xe Ch &Ï:[ U\F 3O 
#hÙW[XG 4ü|  
 

XM $"CåOÈ #iah\64ü 4� ÈdT M» \TëT 4� $'B] EdUD 4ü ÅdB] M» I�"9 6. X¾| $K XM» EdU 4� ;G-;G 4� ;]TG íCO 
4h L] )"9[ (?[G[ Xe| åX"E] L[V[ 4� O[O[ \TÉ[G .T" #iah\64ü 4� É[G .T" Q[LD 4h $\F4CM Qh6D C4 Ŵ6MC[ 
Wd I�"9[N[ ;[ W4C[ Xe| \;WWd XM[Od EdU 4� Qh6D 4ü WMíN[." ;eWd $\UÈ[, 6O]K], \I:t[IG &ÙN[åE 4h E_O 
4OGd M» MEE åMQd6]| XM» I_BÁ \TëT[W Xe å4 L[OC M» $"CåOÈ 4[NÁCM 4� ;G4 @f. \TCM W[O[L[' 4� WIGD 4h 
3O %6d Qd ;[Gd M» XM[O] O[;L[V[ åX"E] 4ü MXÙTI_BÁ L_åM4[ Xh6]|  
    

%L[O#%L[O#%L[O#%L[O# M¾, Å] I].;d. WhG], WM_X \GEdU4, W"O9G[ .T" C[I]N WM_X .T" Å] .. .M. <[, (I\GEdU4, N["\T4ü 
$\LN["\T4ü C"T ÈdT, $"CåOÈ (INh6 412, $XME[K[E 4[ %L[O] î", \;ÝXDGd åX"E] M» 4[NÁ 4OGd 4� \Q. XM»U[ 
#hÙW[åXC å4N[ Xe| M¾, Å] K].%O. O[;I_C, TåO� åX"E] $\F4[O] .T" åX"E] $G^L[6 4� WEíND 4[ L] %L[O] î", 
\;G4� WXNh6 Wd NX 4[NÁ WãI> Xh W4[ Xe|  

************    
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$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6        
O[;L[V[ O[;L[V[ O[;L[V[ O[;L[V[ åX"E]åX"E]åX"E]åX"E]    4� #9[O .T" #W[O M» $"CåOÈ (INh6 412 4ü MXC] L_åM4[ 4� #9[O .T" #W[O M» $"CåOÈ (INh6 412 4ü MXC] L_åM4[ 4� #9[O .T" #W[O M» $"CåOÈ (INh6 412 4ü MXC] L_åM4[ 4� #9[O .T" #W[O M» $"CåOÈ (INh6 412 4ü MXC] L_åM4[     

åEGdU 4WM[O $'T[QåEGdU 4WM[O $'T[QåEGdU 4WM[O $'T[QåEGdU 4WM[O $'T[Q, , , , å4å4å4å4UhO @] T[7dQ[UhO @] T[7dQ[UhO @] T[7dQ[UhO @] T[7dQ[    
' .J I] @]' .J I] @]' .J I] @]' .J I] @], , , , We4We4We4We4, , , , $XME[K[E$XME[K[E$XME[K[E$XME[K[E    

dinesh@sac.isro.gov.indinesh@sac.isro.gov.indinesh@sac.isro.gov.indinesh@sac.isro.gov.in    

079079079079----26914813/2691489326914813/2691489326914813/2691489326914813/26914893    

W[O["U W[O["U W[O["U W[O["U :::: &W Qd5 M» Qd54 Gd $"CåOÈ \TL[6 .T" We4 /@d4� M» O[;L[V[ åX"E] 4� #6[M] (INh6 4� K[O» M» TBÁG å4N[ 
Xe CD[ O[;L[V[ 4� 4[N[ÁÝTNG 4� W"KF M» 99[Á 4ü Xe| &W Qd5 M» We4 /@d4� M» åX"E] M» XhGd T[Q] KdXCO]G 
6\C\T\FND IO #4[U @[Q[ 6N[ Xe 3O O[;L[V[ 4� #9[O #W[O 4� \Q. \;CGd 4EM (?[. ;[ OX» X¾ (W4[ \TTOB 
åEN[ Xe| \TL[6 Gd $"CåOÈ \TÉ[G M» åX"E] 4� M_Q Qd5G 4h Ku[T[ EdGd XdĈ .4 WåM\C 4[ 6?G4O TeÉ[\G4 3O 
C4G]4ü Qd5G 4� \Q. \T\L> M[IE"@ .T" ÎOí4[OD 4[ \GF[ÁOB å4N[ Xe| We4 /@d4�, $"CåOÈ \TL[6 4[ $'B] 
412 Xe \;WM» O[;L[V[ 4h #L[T] eI Wd $IG[N[ ;[ OX[ Xe| 

W"\TF[G M» O[;L[V[ åX"E] 4� #[TF[GD 4� W"ELÁ M» \TíC[O M» ;[.! Ch 4[NÁ 4OGd 4ü &Ï:[, 4[N[ÁÝTNG 4� \Q. åX"E] 
M» 4[NÁ 4OGd 4[ É[G $TëN"L[T] Xe| @[ \TCM W[O[L[' 4� WIGd 4h W[4[O 4OCd �. L[OC]N $"CåOÈ $G^WÝF[G 
W"6?G 4� WL] 412 / N_\G> W[M[\;4 åXC M» L[OC]N $"CåOÈ 4[NÁCM 4h K@] )"9['ND IO Qd ;[Gd 4� \Q. WCC 
#N[WOC X¾| XM W"9[O, W^ÊO, W"TdEG, GiW"9[QG, $"CO-'X]N $\LN[G, %åE WL] $"CåOÈ #iah\64ü 4� 
$G^W"F[G .T" \T4[W Wd ;^td XO ÈdT M» Cd;] Wd %6d Ku OXd X¾| W"ÈdI M», (IN^F \T9[OD 4� W[D-W[D %F̂\G4 
C4G]4, W"6B4 (Computer), &">OGd> (Internet) IO (IQáF >_Q .T" #KQ &Ï:[U\F 4ü WX[NC[ Wd O[;L[V[ 
4� #9[O- #W[O 4h C]n 6\C #E[G 4ü ;[ W4C] X¾|   

1.01.01.01.0    #íC[TG[#íC[TG[#íC[TG[#íC[TG[: XM[Od 9[OD 2O 7å>C Xh OX] 7>G[2" 4� 4[OBD, #\CN[2 3O IåOB[MD 4[ IåOU^; .T" êNT\íDC 
É[G X] \TÉ[G 4XQ[C[ Xe| \TÉ[G 4ü $TF[OB[2" 4[ (INh6 4O4� M[GT 4� 4çN[B 4ü åEU[ M» (INh6] 
#B[\QN[" N[ $TW"O9G[. \T4\WC 4OG[ C4G]4ü IXQ_ Xe| \TÉ[G 3O C4G]4ü 4ü (F IåOL[V[ NX \W; 
4OC] Xe å4 \TÉ[G 3O C4G]4ü ;GW[M[ÝN Wd ;^td �. \TVN X¾| 7>G[2" 4ü 6XGC[ 3O IåOM[B &CG[ $\F4 
X¾ å4 &G4h êNT\íDC eI Wd $\LêNF 4OGd 4� \Q. UáED 3O W"4�CD 4[ (INh6 å4N[ ;[C[ Xe| \TÉ[G 3O 
C4G]4ü ;eWd \TVND 4h IåOU^; KG[Gd M» Ch Nd $\LêN\FN[" WX[N4 X¾ å4ÝĈ ;K &G M[G4 $\LêN\FND 4[ 
%F[O 4h' \TEdU], /\CX[\W4, Li6h\Q4 3O L[V[' IåOId÷N Xh CK Nd \TVN 3O $\F4 ;å>Q #C]C XhGd Q6Cd 
X¾|  

\TÉ[G .T" C4G]4 4ü K[O]å4ND 4h êNF 4OGd 4� \Q. $IG[ L[V[', íTEdU], /\CX[\W4, 3O Li6h\Q4 
IåOId÷N Xh Ch ;å>QC[ 4h 4[Jü XE C4 4M å4N[ ;[ W4C[ Xe &W] $TF[OB[ 4[ $G^4OB 4OCd �. L[OC 
WO4[O $IG] TeÉ[\G4 3O C4G]4ü W"íD[2" Wd NX $IdÈ[ 4OC] Xe å4 Td W"7 4ü O[;L[V[ åX"E] M» $\F4 Wd 
$\F4 TeÉ[\G4 .T" C4G]4ü W"6h�], IåO99[Á2" %åE 4[ %Nh;G 4O» C[å4 &GM» C4G]4ü 3O TeÉ[\G4 
\TVND IO åX"E] M» Mi\Q4 Qd5G 4h #hÙW[åXC å4N[ ;[ W4�| L[OC]N $"CåOÈ $G^W"F[G W"6?G / $"CåOÈ \TL[6 
Gd &W åEU[ M» IXQ 4OCd �. $IGd 412 / N_\G>D 4h (GM» 9Q OX] TeÉ[\G4 .T" C4G]4ü $G^W"F[G 4ü \T4[W 
6\C\T\FND Wd ;^td \TVND IO åX"E] M» W"6h�] %Nh\;C 4OGd 4[ (ÇOE[\NÙT W�I[ Xe| $"CåOÈ (INh6 412 CD[ 
\T4[W .T" UeÈ\B4 W"9[O N_\G> &W (ÇOE[\NÙT 4[ K5_K] \GT[ÁX4O OXd X¾|  

TCÁM[G WMN M» $"CåOÈ Wd W"K"\FC $Gd4 5h; .T" $ÝTdVB 4[NÁ 9Q OXd X¾ \;GWd M[GT 4h #4_\C 4h WM<Gd M» 
MEE åMQ OX] Xe CD[ &W É[G 4� (INh6 Wd \GC GNd W"W[FGD 4ü O9G[ Xh OX] Xe| &G W"W[FGD Wd M[GT]N 4[NÁ 
4h EÈC[ .T" W^\TF[;G4 eI Wd I_BÁ 4OGd M» MEE åMQ OX] Xe| &ÝXù 5h;D 3O %\Tì4[OD 4h $"CåOÈ \TL[6 4� 
TeÉ[\G4 #\CTVÁ C4G]4ü åX"E] WdåMG[OD O[O[ O[;L[V[ M» #íĈC 4OCd X¾| WL] 4�Ý2D M» &G W"6h\�ND 4� 
%Nh;G M» #\CTVÁ #\CL[\6ND 4ü W"ËN[ 4� W[D-W[D Qd5D 4ü W"ËN[ M» L] (ÙW[X;G4 T̀\; Ed5] 6' Xe|  
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“xÌTdE” 4� 4DG “É[G WL] 2O Wd %.É[G WL] 2O Wd %.É[G WL] 2O Wd %.É[G WL] 2O Wd %. 4h W[DÁ4 4OCd �. åX"E] Gd \TëT 4ü $Gd4 L[V[2" Wd X;[OD UáED 4h 
%ÙMW[C å4N[ Xe 3O NX #\CN[ ;[O] Xe, \;WWd, L[V[ WM̀; Xh4O, \UÈ[ M» MXÙTI_TÁ L_åM4[ #E[G4O OX] Xe| 
%; &">OGd> IO L] \Q\I, JD>, W[M'] &ÙN[åE 4[ 4h' #ëG GXù Xe| åX"E] M[ÜNM M» (g 6̂BTÇ[ 4� 4[M 4OGd 
T[QD 4ü W"ËN[ M» åEG – #\CåEG KuhCO] Xh OX] Xe| \TÉ[G CD[ #iah\64ü 4� ÈdT M» \TëT 4ü #[9]G4[Q 4ü 
(IQ\êFND Wd Qd4O &W UC[áE] M» #[o MX[G WJQC[2" 4ü .4 QãK] 3O $G_?] IO"IO[ OX] Xe| #[9]G \TëT M» 
\TÉ[G, 6\BC, 56hQU[� 3O EUÁGU[� 4[ $\OC]N \T4[W �%| 4[Q["CO M» \TëT LO M» \TÉ[G CD[ 
#iah\64ü 4� M[ÜNM Wd %\DÁ4 3O W[M[\;4 IåOTCÁG %N[| IO"IO[6C 4WUQC[2" 4h IåOì4_C 4O4� C4·W"6C 
.T" íIF[ÁÙM4 KG[Gd 3O \TÉ[G CD[ #iah\64ü 4� M̂ËN ÈdTD M» $\'M ÈMC[2" 4[ \T4[W 4OGd 4� #N[W XhCd 
OXe|  

2.0 2.0 2.0 2.0 O[;L[V[ .T" 4[N[ÁÝTNGO[;L[V[ .T" 4[N[ÁÝTNGO[;L[V[ .T" 4[N[ÁÝTNGO[;L[V[ .T" 4[N[ÁÝTNG: : : : L[OC WO4[O 4ü NX G]\C OX] Xe å4 O[;L[V[ åX"E] 4h 7O-7O C4 I�9[."| $"CåOÈ 
\TL[6 L] &W åEU[ M» I]:d GXù OX[ Xe| TeÉ[\G4 .T" C4G]4ü ÈdT M» åX"E] 4h Ku[T[ EdGd 4� (ªdëN Wd \TL[6 CD[ 
&W4� 412 .T" N_\G> 4' 4[NÁCM %Nh\;C 4OCd OXCd X¾| #\CTVÁ åX"E] M» C4G]4ü \TVNh IO W"6h\�N[" 
%Nh\;C 4OG[, &GM» Wd .4 Xe| &W #4[O XM %M ;GC[ C4 $IGd 4[NÁCMD 4h I�"9[Gd 4[ #N[W 4OCd X¾| 
K]Cd TV®! M» We4 /@d4� M» W"6h\�ND 4� \TVN “L[OC]N $"CåOÈ 4[NÁCMD M» íTEdU] (ah6D .T" W"íD[2 4[ 
Nh6E[G”, $K NX[! Wd 4X[! ;[N» XM ? $"CO'X]N åMUG, W[M[\;4 (ÙD[G 4� \Q. $"CåOÈ \TÉ[G 4[ Nh6E[G, 

&ÙN[åE O5[ 6N[ D[| WM4[Q]G L[OC]N IåOtëN M» Nd \TVN $ÙN\F4 #[W"\64 .T" (INh6] X¾| &WOh 4� $"CåOÈ 
4[NÁCM M_QC: ;G 4çN[B 3O W[M[\;4 (ÙD[G 4� \Q. $"CåOÈ 4� (INh6 Wd ;^@d �. X¾, W[D X] W[D \TL[6 Gd 
$"CåOÈ M» (INh6] X[@ÁTdNOD 4� \T4[W .T" \GM[ÁB 4� \Q. L[OC 4� W[TÁ;\G4 3O \G;] (ah6D 4h $IG[ 
L[6]E[O KG[N[| &WWd L[OC]N (ah6D 4h C4G]4ü6C .T" %\DÁ4, EhGD #4[O Wd W"KQ åMQC[ OX[ Xe| &GWd 
W"K"\FC WdåMG[O Î\íC4[, Qd5 W"'X, \TO[GD O[O[ #íĈC]4OB Wd C4G]4ü W[åXÙN M» 4[Jü &;[v[ �% Xe|  

2222....1 1 1 1 \Q\I \TUdVC[ .T" O[;L[V[ 4[N[ÁÝTNG M» WOQC[\Q\I \TUdVC[ .T" O[;L[V[ 4[N[ÁÝTNG M» WOQC[\Q\I \TUdVC[ .T" O[;L[V[ 4[N[ÁÝTNG M» WOQC[\Q\I \TUdVC[ .T" O[;L[V[ 4[N[ÁÝTNG M» WOQC[::::    
åX"E] $IG] \TU^; TeÉ[\G4 \Q\I CD[ $ĜU[\WC L[V[ 4� W[D WOQ, KhF6ãN .T" K�C 4M WMN M» W]5] ;[ 
W4Gd T[Q] L[V[ Xe| TdKW[&> IO (IQáF åX"E] Ih>ÁQ, 0GQ[&G åX"E] UáE[T\QND 4ü MEE Wd O[;L[V[ M» WK 4W: 
W"LT Xe| ‘&">OGd>’ 4� M[ÜNM Wd EdTG[6O] M» N["\T4 W^\TF[2" CD[ GT]GCM \OL[V] UáE W"W[F4 #B[Q] 4[ 
\T4[W Xh OX[ Xe| \T"@h; IO %F[åOC EdTG[6O] JfØ> (IQáF Xh OXd X¾ \;WWd åX"E] L[V[ 4� \T4[W 4h G' åEU[ 
åMQ OX] Xe| WdåMG[OD M» W^5E CÚN NX Xe å4 4[N[ÁQND M» $\F4["U 4�ßN_>OD M» åX"E] Wfà>TdNO .T" JDÔW (IQáF 
XhGd 4ü T;X Wd $\F4CO TeÉ[\G4 $IG[ UhFIT íTN" X] >[&I 4OCd X¾ \;WWd NX \W; XhC[ Xe å4 XM[Od \TL[6 
M» O[;L[V[ 4[ #6[M] (INh6 Ku OX[ Xe| 

 2222....2 2 2 2 $"CåOÈ UáE[TQ] 4[ $aCG]4OB $"CåOÈ UáE[TQ] 4[ $aCG]4OB $"CåOÈ UáE[TQ] 4[ $aCG]4OB $"CåOÈ UáE[TQ] 4[ $aCG]4OB :::: XM» \TÉ[G 4ü $aCG .T" ;å>Q W"4çIG[2" 4h åX"E] M» ND[W"LT 
WOQ A"6 Wd êNF 4OGd 4ü \T\F \T4\WC 4OG] 9[åX.| W"4çIG[2" 4h å4W #4[O W^KhF KG[Gd 4[ #N[W å4N[ 
;[. C[å4 \TÉ[G .T" C4G]4 Wd W"K"\FC \T\L> U[5[2" 4� CÚND, \T9[OD .T" W"4çIG[2" 4h åX"E] L[V[ 4ü 
#4_\C 4� $G^eI WX; eI M» #íĈC å4N[ ;[ W4�| NX .4 Kt] 9^GiC] D] \;Wd XM[Od L[V[\TED Gd íT]4[O 4O4� 
TVµ IXQd &W åEU[ M» MXÙTI_BÁ 4[NÁ U^e4O åEN[ Xe| \TÉ[G $IGd %I M» .4 $G^U[\WC \TVN Xe CD[ &W4ü 
$IG] L[V[ XhC] Xe| &WM» C4G]4ü UáE[TQ] 4[ X] #Nh6 $Id\ÈC Xe \;WM» UáE[DÁ .T" L[T[DÁ EhGD .4 X] XhCd 
X¾| UáE XM»U[ IåO\9C .T" $IåO\9C X] XhCd X¾| \;CG[ (G4[ $âN[W Xh6[ (CGd X] Td WOQ Q6»6d| W[M[ÝNC: 
$"'d;] 4[NÁ 4ü $G^T[E-L[V[ 4� eI M» $"'d;] 4ü \}`C[ åX"E] M» $G_åEC Xh ;[C] Xe 3O (Wd X] åX"E] 4ü M_Q 
#4_\C KC[ åEN[ ;[C[ Xe| ;Kå4 X4ü4C NX Xe å4 å4W] L] êN\F 4� \Q. (W4ü M[C̀L[V[ X] WKWd WOQ L[V[ 
XhC] Xe| UáED 4ü IX9[G 4� \Q. åX"E] 4� \}` WM<d ;[Gd T[Qd UáED 4[ #Nh6 M]å@N[ ;6C M» L] \GO"CO XhG[ 
9[åX., C[å4 Qh6 (G UáED Wd IåO\9C Xh W41| W[D X] 4' UáED 4� M[G4 UáE \GF[ÁåOC 4OGd 4ü ;eOC Xe| 
%; åX"E] M» \TÉ[G 4[ L\TìN K�C (.TQ Xh 9̂4[ Xe| TeÉ[\G4 .T" C4G]4ü UáE[TQ] %Nh6, 412]N 
\GEdU[QN .T" åX"E] '"D $4[EåMND CD[ íTN" WdT] W"íD[2" Gd &W åEU[ M» MXÙTI_BÁ 4[NÁ å4N[ Xe| $"CåOÈ 



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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UáE[TQ] 4[ $aCG]4OB $"\CM 9OB M» Xe, WMN 4ü M["6 4� $G^W[O, UáE[TQ] %Nh6 4� CÙT[F[G M», \TUdVÉD 
O[O[ G. UáED 4h ;htGd 4� $Q[T[ \GF[ÁåOC å4. 6. UáED 4[ L] C]WO] K[O I^GO[TQh4G å4N[ ;[ OX[ Xe| 

3333. . . . åX"E] 4� #6[M] (INh6 4h Ku[T[ EdGd 4� \Q. (?[. 6. 4EMåX"E] 4� #6[M] (INh6 4h Ku[T[ EdGd 4� \Q. (?[. 6. 4EMåX"E] 4� #6[M] (INh6 4h Ku[T[ EdGd 4� \Q. (?[. 6. 4EMåX"E] 4� #6[M] (INh6 4h Ku[T[ EdGd 4� \Q. (?[. 6. 4EM: $"CåOÈ \TL[6 4� $"CåOÈ (INh6 412 M» åX"E] 4� 
#6[M] (INh6 4h Ku[T[ EdGd 4� \Q. 4[Jü 4EM (?[Nd 6. X¾| We4 .T" @d4� 4[N[ÁQND M» O[;L[V[ 4[N[ÁÝTNG 
WåM\C (OLIC) 4�Ý2D M» O[;L[V[ 4� $\F4CM (INh6 4� \Q. WCC #NÙGU]Q OXC] Xe, G6O O[;L[V[ 
4[N[ÁÝTNG WåM\C (>f\R4) WMN- WMN IO Ke?41 4OC[ OXC[ Xe 3O XM[Od 4[N[ÁQND 4h åMQGd T[Qd ÎOí4[O 
&G CÚND 4� #M[B Xe å4 O[;L[V[ 4� #6[M] (INh6 M» XM[O] \íD\C KdXCO Xe| NX[! NX (�d5G]N 4OG[ %TëN4 
XD6[ å4 XM[Od \TL[6 4� W\9T .T" $ÜNÈ &WOh 4[N[ÁQN]G ITD M» åX"E] M» X] XíC[ÈO 4OCd X¾, $Gd4D $TWOD IO 
åX"E] M» (EKhFG 4O, O[;L[V[ 4� #6[M] (INh6 XdĈ 4MÁ9[åOND 4h #dOB[ #E[G 4OCd X¾|  

3333....1111. . . . $"CåOÈ$"CåOÈ$"CåOÈ$"CåOÈ    (INh6 412 $XME[K[E(INh6 412 $XME[K[E(INh6 412 $XME[K[E(INh6 412 $XME[K[E 4ü \T\L> Nh;G[." 4ü \T\L> Nh;G[." 4ü \T\L> Nh;G[." 4ü \T\L> Nh;G[." ::::    NX WTÁ\TåEC Xe å4 We4 /@d4� $"CåOÈ \TÉ[G 3O 
#iah\64ü M» (INh6 4� ÈdTD M» $"CåOÈ \TL[6 / &WOh 4[ $'B] 412 Xe, W[D X] O[;L[V[ 4� 4[N[ÁÝTNG M» L] 
&W4[ G[M .4 %EUÁ 4[N[ÁQN 4� eI M» ;[G[ ;[C[ Xe| $C# We4 Gd $IGd 412 M» 4MÁ9[åOND 4h åX"E] M» $\F4 Wd 
$\F4 4[M 4OGd 4� \Q. #hÙW[åXC 4OGd XdĈ \T\L> Nh;G[." %O"L 4ü X¾ \;W4� \Q. $Q6 $Q6 WåM\CND 4[ 
6?G å4N[ 6N[ Xe|     

3333....1111....1111. . . . \TÇ]N TVÁ M» 4[N[ÁQN]G 4[NÁ 4� EiO[G åX"E] M» $\F4CO 4[NÁ 4OGd 4� \Q.\TÇ]N TVÁ M» 4[N[ÁQN]G 4[NÁ 4� EiO[G åX"E] M» $\F4CO 4[NÁ 4OGd 4� \Q.\TÇ]N TVÁ M» 4[N[ÁQN]G 4[NÁ 4� EiO[G åX"E] M» $\F4CO 4[NÁ 4OGd 4� \Q.\TÇ]N TVÁ M» 4[N[ÁQN]G 4[NÁ 4� EiO[G åX"E] M» $\F4CO 4[NÁ 4OGd 4� \Q.    #hÙW[XG Nh;G[ #hÙW[XG Nh;G[ #hÙW[XG Nh;G[ #hÙW[XG Nh;G[ ::::        
1111....í>[J WEíND 4� \Q. í>[J WEíND 4� \Q. í>[J WEíND 4� \Q. í>[J WEíND 4� \Q. åX"E]åX"E]åX"E]åX"E]    M» M_Q å>ßIB .T" %Qd5G M» M» M_Q å>ßIB .T" %Qd5G M» M» M_Q å>ßIB .T" %Qd5G M» M» M_Q å>ßIB .T" %Qd5G M» 20000 20000 20000 20000 Wd ÑN[E[ UáED 4� (INh6 4OGd IOWd ÑN[E[ UáED 4� (INh6 4OGd IOWd ÑN[E[ UáED 4� (INh6 4OGd IOWd ÑN[E[ UáED 4� (INh6 4OGd IO    #hÙW[XG #hÙW[XG #hÙW[XG #hÙW[XG 
Nh;G[Nh;G[Nh;G[Nh;G[    WåM\C O[O[ %TdE4D 4� 4[NÁ 4[ M_çN["4G4O (G4� O[O[ \Q5d 6. UáED 4ü W]M[ CD[ å4. 6. 4[NÁ 4ü 
6̂BTÇ[, 4[NÁ 4� #4[O (C4G]4ü/#U[W\G4) 4� %F[O IO %TdE4D 4h ÎOí4[O åEN[ ;[C[ Xe| &W #hÙW[XG 
Nh;G[ 4� $"C6ÁC 4O]KG 25 ÎOí4[O åE. ;[Gd 4[ #[TF[G Xe|  

2222....9[Q4D9[Q4D9[Q4D9[Q4D, , , , 4444 �� ��>]G í>[J CD[ $>»@»> T6Á 4� 4MÁ9[åOND 4� \Q.>]G í>[J CD[ $>»@»> T6Á 4� 4MÁ9[åOND 4� \Q.>]G í>[J CD[ $>»@»> T6Á 4� 4MÁ9[åOND 4� \Q.>]G í>[J CD[ $>»@»> T6Á 4� 4MÁ9[åOND 4� \Q.    4[N[ÁQN]G 4[NÁ4[N[ÁQN]G 4[NÁ4[N[ÁQN]G 4[NÁ4[N[ÁQN]G 4[NÁ    M» M» M» M» 11110000 0000 0000 0000 Wd ÑN[E[ Wd ÑN[E[ Wd ÑN[E[ Wd ÑN[E[ åX"E]åX"E]åX"E]åX"E]    UáED 4� UáED 4� UáED 4� UáED 4� 
(INh6 4OGd IO #hÙW[XG Nh;G[(INh6 4OGd IO #hÙW[XG Nh;G[(INh6 4OGd IO #hÙW[XG Nh;G[(INh6 4OGd IO #hÙW[XG Nh;G[    

&W #hÙW[XG Nh;G[ 4� $"C6ÁC    T[XG 9[Q4D, 4 �>]G í>[J CD[ $>»@»> T6Á 4� 4MÁ9[åOND 4h ÎOí4[O åENd ;[Gd 
4[ #[TF[G Xe|    

3333....1111....2 2 2 2 C4G]4ü #L[6DC4G]4ü #L[6DC4G]4ü #L[6DC4G]4ü #L[6D    O[O[ O[O[ O[O[ O[O[ åX"E] M» $\F4CO 4[NÁ 4OGd XdC ̂#hÙW[XG Nh;G[åX"E] M» $\F4CO 4[NÁ 4OGd XdC ̂#hÙW[XG Nh;G[åX"E] M» $\F4CO 4[NÁ 4OGd XdC ̂#hÙW[XG Nh;G[åX"E] M» $\F4CO 4[NÁ 4OGd XdC ̂#hÙW[XG Nh;G[ : &W Nh;G[ 4� $"C6ÁC We4 /@d4� 
4� ;h C4G]4ü \TL[6 åX"E] M» 4[N[ÁQN 4[ $\F4CM 4[NÁ 4OCd X¾ (ÝX» 9Q U]ç@ #E[G4O #hÙW[åXC å4N[ 
;[C[ Xe NX ÎOí4[O \T6C W[C TVµ Wd 4�TQ We4 M» X] #E[G å4N[ ;[ OX[ Xe|  
 

3333....1111....3 3 3 3 $"CåOÈ$"CåOÈ$"CåOÈ$"CåOÈ    \TÉ[G Wd W"K"\FC \TVND .T" 6\C\T\FND IO \Q5] Ií̂ C\TÉ[G Wd W"K"\FC \TVND .T" 6\C\T\FND IO \Q5] Ií̂ C\TÉ[G Wd W"K"\FC \TVND .T" 6\C\T\FND IO \Q5] Ií̂ C\TÉ[G Wd W"K"\FC \TVND .T" 6\C\T\FND IO \Q5] Ií̂ C4D 4�4D 4�4D 4�4D 4�    \Q. \Q. \Q. \Q. \TL[6 4ü IÔí 4[\TL[6 4ü IÔí 4[\TL[6 4ü IÔí 4[\TL[6 4ü IÔí 4[O Nh;G[O Nh;G[O Nh;G[O Nh;G[ : 

WO4[O 4[ åX"E] M» TeÉ[\G4 \TVND M» Qd5G 4[NÁ 4h KA[YT[ EdGd 4[ #N[W Xe C[å4 åX"E] L[V[ M» TeÉ[\G4 W[åXÙ N 
#9̂O M[T[ M» (IQá F Xh W4�| &W åEU[ M» WO4[O 4ü 4' ÎOí 4[O Nh;G[," 9Q OX] X¾| &W Îí C4-Qd5G ÎOí 4[O 
Nh;G[ 4h “\TCM W[O[L[' åX"E] Mi\Q4 ÎíC4 Qd5G Nh;G[” G[M L] åEN[ 6N[ Xe| O[ì >Ä]N í CO IO ÎOí 4[O 
WM[OhX 4� Ië 9[Cj, Îí C4D 4h We4 /@d4� 4ü ÎOí 4[O Nh;G[ 4� CXC, åX"E] L[V]/åX"E]CO L[V] Qd54D 4h $Q6-
$Q6 ÎOí 4_C 4OGd XdC^ (G4[ 9NG å4N[ ;[.6[| #Ù Nd4 e. 25, 000/- 4� Eh #DM ÎOí 4[O, #Ù Nd4 e 20, 

000/- 4� Eh \OC]N ÎOí 4[O, #Ù Nd4 e`15, 000/- 4� Eh C̀C]N ÎOí 4[O .T" #Ù Nd4 e. 10, 000/- 4� :: W[Ý Ù TG[ 
ÎOí 4[O #E[G å4N[ ;[.!6d| \TL[6 M» #[ß C /W] WL] Îí C4D 4� Qd54D 4h M[GEdN åEN[ ;[.6[, \;Ý X» 4h' 
ÎOí 4[O G åMQ[ Xh| M[GEdN 4ü O[\U e. 7, 500/- Xh6]| 
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3333....1111....4 4 4 4 We4 /@d4� O[O[ 6[TD M» $"CåOÈ \TÉ[G Wd W"K"\FC 3O &WOh 4ü 6\C\T\FND IO %F[åOC 9Q -#EUÁG] 4[ 
%Nh;G å4N[ ;[C[ Xe .T" TeÉ[\G4D O[O[ \Ta[\DÁND 4h &WOh 4� 4[NÁ4Q[ID 4� K[Od M» \TíC̀C ;[G4[åON[" .T" 
(G4� #ëGD 4� (ÇO O[;L[V[ M» .T" 6̂;O[C] M» åE. ;[Cd X¾| 

3333....1111....5 5 5 5 WÔÈ[ Wo[XWÔÈ[ Wo[XWÔÈ[ Wo[XWÔÈ[ Wo[X 4� EiO[G L] åX"E] L[V[ M» \GK"F, íQh6G T6eOX \T\L> #\CNh\6C[2 4� %Nh;G M» 412 
$'WO Xe| 

3333....1111....6 6 6 6 412]N WC4·C[ %Nh6 O[O[ %Nh\;C WC4·C[ Wo[X M» åX"E] M» #\CNh\6C[.! %Nh\;C 4ü ;[C] Xe| 

3333....1111....7 7 7 7 W"I_BÁ 4[NÁ åX"E] M» 4OGd IO \T\L> #L[6D 4h G[M[!å4C å4N[ ;[C[ Xe| 

3333....1111....8 8 8 8 We4 /@d4� 4� 4MÁ9[åOND 4� Kgh 4h åX"E] \TVN M» (10Tù .T" 12Tù 4È[ M») $\F4CM $"4 åMQGd IO 
#hÙW[XG íT�I ÎOí4[O #E[G å4. ;[Cd X¾| 

3333....1111....9999. . . . \TL[6\TL[6\TL[6\TL[6    O[O[ O[O[ O[O[ O[O[ \TT[åX\CND\TT[åX\CND\TT[åX\CND\TT[åX\CND    .T" KgD 4� \Q. 4[NÁCM .T" KgD 4� \Q. 4[NÁCM .T" KgD 4� \Q. 4[NÁCM .T" KgD 4� \Q. 4[NÁCM :::: \TL[6 O[O[ &W4� $"C6ÁC #\CTVÁ åX"E] 
M[X/I5T[O[/Wo[X 4� EiO[G KgD 4� \Q. T[E-\TT[E, C[Ù4[\Q4 L[VB ;eW] #\CNh\6C[2 4[ %Nh;G4O (G 
KgD 4h 4[NÁ M» O[;L[V[ 4[ MXÙT KC[N[ ;[C[ Xe, W[D X] 4MÁ9[O]6B 4� \TT[åX\CND 4� \Q. $ÝC[ÈO] ;eW] 
MGhO";4 #\CNh\6C[ O[O[ åX"E] 4h Ku[T[ åEN[ ;[C[ Xe, ;h å4 T[íCT M» $G_?[ #Nh6 Xe| \TëT åX"E] åETW IO\TëT åX"E] åETW IO\TëT åX"E] åETW IO\TëT åX"E] åETW IO 
412 M» åX"E] M» %Nh\;C \T\L> 4[NÁCMD O[O[ O[;L[V[ 4[ #9[O íTC: X] Xh ;[C[ Xe|  

3333....1111....10101010. . . . 412 O[O[ åX"E] M» ““““$\LêN\F$\LêN\F$\LêN\F$\LêN\F”””” G[M4 TeM[\W4 I\T4[ 4[ #4[UG å4N[ ;[C[ Xe| \;WM» 4MÁ9[O]6B 4� 
W[D W[D (G4� IåOT[O 4� WEíN L] $IG] O9G[." Ld;Cd X¾|&W4� O[O[ 4MÁ9[åOND 4� IåOT[O;G L] O[;L[V[ 4� 
#W[O M» WXL[6] KG OXd X¾| 

3333....2222. . . . 4MÁ9[åOND 4� \Q. åX"E] 4[NÁ4MÁ9[åOND 4� \Q. åX"E] 4[NÁ4MÁ9[åOND 4� \Q. åX"E] 4[NÁ4MÁ9[åOND 4� \Q. åX"E] 4[NÁU[Q[U[Q[U[Q[U[Q[ : 4[N[ÁQND M» åX"E] 4[NÁU[Q[2" WãKÝF M» L] 6̀X M"T[QN 4� \GE¼U[G^W[O 
&G 4[NÁU[Q[2" 4[ %Nh;G å4N[ ;[C[ Xe| åX"E] M[X M» #\CTVÁ \T\L> #\CNh\6C[2 M» #\CL[\6ND 4ü W"ËN[ M» 
T̀\; &W CÚN 4[ #M[B Xe å4 $"CåOÈ \TL[6 M» O[;L[V[ 4[ \T\U` WãM[G X¾| $Ï:] K[C Ch NX Xe å4 åX"E]CO 
#\CL[\6ND 4ü W"ËN[ L] åX"E] L[V[T6Á 4� #\CL[\6ND Wd4M GXù Xe| T[íCT M» $"CåOÈ \TL[6 4ü #ÙNd4 N_\G> 
.4 #4[O 4[ åMG] &"å@N[ X] Xe 3O O[;L[V[ 4� #6[M] (INh6 M» WL] $IG[ LOW4 Nh6E[G Ed OXd X¾| L[OC]N 
$"CåOÈ $G^W"F[G W"6?G / $"CåOÈ \TL[6 4[ $XME[K[E \íDC $"CåOÈ (INh6 412 W[M[\;4 (ÙD[G 4� \Q. 
GT[9[O N^F #B[\QND 3O Wfà>TdNOD 4� $G^W"F[G .T" \T4[W M» WEeT CÙIO OXC[ Xe .T" WMN WMN IO åX"E] M» 
4[NÁU[Q[2" 4[ %Nh;G 4OC[ OXC[ Xe| 

3333....3333. . . . 4MÁ9[åOND 4� \Q. åX"E] W"6h�]4MÁ9[åOND 4� \Q. åX"E] W"6h�]4MÁ9[åOND 4� \Q. åX"E] W"6h�]4MÁ9[åOND 4� \Q. åX"E] W"6h�] : åX"E] C4G]4ü W"6h�] 4[ M_Q (ªdëN TeÉ[\G4 .T" C4G]4ü \TVNh M» 6XG 
;[G 4h ;GM[GW C4 ;G W[M[ÝN 4ü L[V[ N[\G å4 O[;L[V[ M» #íĈC4O (G C4 I�!9[G[ X¾| &WWd WM[; M» 
$"CåOÈ \TÉ[G 4[NÁCMD M» ;[6e4C[ KuC] Xe, \;WWd WM[; .T" \TÉ[G EhGD X] Q[L[\ÝTC XhCd X¾| #\CTVÁ 
C4G]4ü åX"E] W"6h\�ND 4� %Nh;G Wd 4�Ý2D M» åX"E] 4[ (INh6 C4G]4ü ÈdTD M» \GK[ÁF eI Wd %6d Ku OX[ Xe| 
&G W"6h\�ND 4� M[ÜNM Wd L\TìN 4ü L] eIOd5[ CN XhC] Xe| &G4[ (ªdëN $"CåOÈ \TÉ[G 4� ;å>Q IXQ^2" 4h 
$IG] åX"E] L[V[ M» WX; eI Wd WM< Gd 3O WM<[Gd 4� \Q. å4N[ ;[C[ Xe| \T6C TV®! M» We4 M» 4' W"6h\�ND 
4[ %Nh;G å4N[ 6N[ Xe \;G4� \TVN “L[OC]N $"CåOÈ 4[NÁCMD M» íTEdU] (ah6D .T" W"íD[2 4[ Nh6E[G”, 
$K NX[! Wd 4X[! ;[N» XM ? $"CO'X]N åMUG, W[M[\;4 (ÙD[G 4� \Q. $"CåOÈ \TÉ[G 4[ Nh6E[G, &ÙN[åE O5[ 
6. Dd| 

3333....4 4 4 4 $\LM5̂]4OB 4[NÁCM$\LM5̂]4OB 4[NÁCM$\LM5̂]4OB 4[NÁCM$\LM5̂]4OB 4[NÁCM : &WM» 4�Ý2D 4� åX"E] $\F4[O] .T" W"K"\FC 4MÁ9[O] $"CåOÈ Wd W"K\FC \TVN IO 
\TUdV eI Wd 99[Á 4OCd X¾ 3O \T\L> 4�Ý2D M» $"CåOÈ \TÉ[G Wd W"K"\FC 6\C\T\FND 4� É[G 4[ %E[G-#E[G 
XhC[ Xe, $"CåOÈ (INh6 412 $XME[K[E &W4[NÁCM M» W\CN eI Wd L[6 QdC[ Xe|W"WE]N WåM\C O[O[ \T\L> 
$TWOD IO 4[N[ÁQN M» åX"E] O[;L[V[ 4� #L[T] (INh6 Wd W"K"\FC \GO]ÈB 4� EiO[G 412 4ü #U"W[ 4ü 6' Xe| 
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अंत�र� उपयोग क� � / �वकास एवं शै��क संचार यूिनट, इसरो, अंत�र� �वभाग, अहमदाबाद  244 

 

4.0 4.0 4.0 4.0 (IW"X[O(IW"X[O(IW"X[O(IW"X[O: : : : %F̂\G4 É[G-\TÉ[G 4ü \UÈ[ $"'d;] M» X] E] ;[C] Xe| $6O M\íCì4 4ü L[V[ $"'d;] X¾ Ch MG 4ü 
L[V[ M[C̀L[V[ 3O ;G L[V[ åX"E] Xe, ;h XM[O] O[;L[V[ L] Xe| &W ;G L[V[, O[;L[V[ M» êNTX[O 4OG[ G 4�TQ 
4[N[ÁQN M» 4[M 4OG[ X] Xe, K\ç4 XM[Od \T9[OD 4h Qh6h C4 I�!9[Gd 4[ (ÇM W[FG L] Xe| #\CTVÁ &WOh 4� 
\T\L> 412/N_\G> M» %Nh\;C Xh OX] C4G]4ü åX"E] W"6h�]Nh Gd &ÝX] \TVND 4h WOQ åX"E] M» L] (IQáF 4O[N[ 
Xe| $"CåOÈ \TL[6 &WOh 4� \T\L> 412/N_\G> \;CGd WMIÁB 4� W[D $"CåOÈ 4[NÁCMD 4� \Q. 4[M4O OXd X¾, åX"E] 
4� #9[O #W[O 4� \Q. /Wd 4[NÁCM %Nh\;C4O (CG] X] \G�[ Wd O[;L[V[ W"K"F] W"TeF[\G4 (ÇOE[\NÙTD 4[ 
\GTÁXG4O OXd X¾| $"CåOÈ \TÉ[G .T" #iah\64ü 4� (INh6D M» GT]GCM \T9[OD 4h %M ;GC[ C4 I�!9[G[ XM[O[ 
E[\NÙT L] Xe W[D X], &WWd åX"E] M» C4G]4ü W[åXÙN Kud6[ 3O $6Q] I]u] M» åX"E] M» CD[ $ÝN L[OC]N L[V[2" 
M» Qd5G 4� #\C <^4[T Kud6[| %; åX"E] &CG] WM̀; Xh 9̂4ü Xe å4 \TÉ[G 4[ %F[OL_C W[åXÙN åX"E] M» (IQáF 
Xh 9̂4[ Xe| \TÉ[GIO4 CD[ C4G]4ü UáE[TQ] L] IN[Áo M[T[ M» (IQáF Xe| ;eOC \WJ· &W K[C 4ü Xe å4 
L\TìN M» &Wd $IG[Cd �. \TÉ[G M» WL] 4[NÁ åX"E] M» å4. ;[.!| CL] åX"E] \TÉ[G 4ü L[V[ 4� eI M» \T4\WC 
Xh6]| 4[N[ÁQND M» åX"E] 4h #9\QC 4OGd CD[ í >[v WEí ND 4h WÈM KG[Gd 4� \Q. WCC 3O WÙ N\Gì ?[ 4� 
W[D \UÈB #\UÈB 4[ XO W"LT #N[W 4OG[ Xh6[| ;K C4 M_Q Qd5G M» åX"E] 4[ #Nh6 GXù XhC[ Xe CK C4 
W"#dVB]NC[ 4ü WMíN[ KG] OXd6]| $G^T[E 4� M[ÜNM Wd WOQ, W^KhF 3O W"#dVB]N L[V[ 4ü $IdÈ[ 4OG[ åX"E] 
4� \T4[W 4ü t\` Wd åXC4O GXù Xe|  

5.0 5.0 5.0 5.0 W"ELÁW"ELÁW"ELÁW"ELÁ: : : : &">OGd> 4ü TdKW[&>d&">OGd> 4ü TdKW[&>d&">OGd> 4ü TdKW[&>d&">OGd> 4ü TdKW[&>d::::    http://rajbhashavikasparishadnag.blogspot.in, 

http://www.rachanakar.org hi.wikibooks.org/  

6.0 6.0 6.0 6.0 %L[O%L[O%L[O%L[O:::: Qd54 &W Qd5 4h \Q5Gd .T" #dOB[ EdGd 4� \Q. \GEdU4, We4 4[ %L[O] Xe| Qd54 WM_X #F[G ' .v 
.M ;], (I\GEdU4 'W[ 4[ %L[O] Xe| Qd54 &W Qd5 4h #íĈC 4OGd 4[ $TWO #E[G 4OGd XdC^ C4G]4ü 
W"6h�] %Nh;G WåM\C We4 3O @d4� 4[ %L[O êNF 4OC[ Xe| Qd54 &W Qd5 M» WXNh6 4� \Q. åX"E] 4È 4[ 
L] %L[O] Xe|  

***
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$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6$"CåOÈ $G^#Nh6 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6  
$"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4ü $XM L_åM4[ 

O";G IOG[M], I"4; ;d. U[X 

I]W]&@]/I]W]&;]/Wd@[/We4 

'MdQ :{ranjanparnami, pjshahpjshah} @ sac.isro.gov.in, E_OL[V: 079-26914217/49 

W[O["UW[O["UW[O["UW[O["U    

““I_Od O[ Ä̀ 4ü %U[ Xe, åX"E] $IG] L[V[ Xe,  

;[C-I[C K"FG 4h Chtd, åX"E] W[Od EdU 4h ;htd”” 

åX"E] L[V[ L[OCTVÁ 4ü O[;L[V[ Xe| %; EdU 4� $\F4[!U Qh6 åX"E] L[V[ 4h KhQ .T" WM< W4Cd X¾| åX"E] L[V[ 
4[ WM̀; CD[ TeLTU[Q] &\CX[W OX[ Xe| åX"E] EdU 4ü W"I4· L[V[, O[;L[V[ 4ü W]M[ Q["74O $K \TëTL[V[ KGGd 
4ü 3O $'WO Xh OX] Xe| 4ãßN_>O, åX"E] >[&IO[&>OD, åX"E] Wfà>TdNO .T" MhK[&Q 4� W[D–W[D &">OGd> IO åX"E] 
\Q5Gd–IuGd .T" åX"E] $ĜT[E 4ü Ŵ\TF[.! $K KuGd Q6] X¾, \;WWd O[;L[V[ 4� \T4[W M» (ÙW[X;G4 T`\; 
Ed5Gd 4h åMQ OX] Xe| å4W] L] É[G 4[ $;ÁG NåE $IG] M[C̀L[V[ M» å4N[ ;[. Ch TX 4[Jü 4[O6O 3O (W4� 
M_QL_C \W;["C 4h WM<[Gd M» %W[G] XhC] Xe| \TÉ[G 4� WãKÝF M» L] NX] K[C Q[6_ XhC] Xe| NX Qd5 $"CåOÈ 
#iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6 4h &"\6C 4OCd �. &W4[ $"CåOÈ #iah\64ü 4� #W[O M» Nh6E[G 
4h #íC^C 4OC[ Xe|  
     

1111    #íC[TG[#íC[TG[#íC[TG[#íC[TG[::::    

L[OC .4 \TU[Q EdU Xe CD[ NX[! G[G[ #4[O 4ü W"í4_\CND .T" Li6h\Q4 IåO\íD\CND 4[ WM[TdU Xe .T" NX[! 
\T\TF #4[O 4ü L[V[.! KhQ] ;[C] X¾| .4 $G^M[G 4� M̂C[\K4, L[OC EdU M» Q6L6 70% Wd $\F4 Qh6 åX"E] 
L[V[ KhQGd M» WÈM X¾ .T" &W]\Q. åX"E] L[V[ 4h O[;L[V[ 4[ E;[Á #[o �% Xe| \v;], MhåOUW, 6N[G[ 3O 
W_O]G[M 4ü $\F4CO 3O GdI[Q 4ü 4W: ;GC[ åX"E] KhQC] Xe| åX"E] O[;L[V[, WãI4· L[V[, ;GL[V[ 4� WhI[GD 
4h I[O4O \TëTL[V[ KGGd 4ü 2O $'WO Xe| %; %'.>]. N[G] å4 &ÝJhOMdUG >d4GhQh;] $D[ÁCj W_9G[ 
#iah\64ü 4[ G[M Kgd-Kgd 4ü ;^K[G IO 9u[ �% Xe, \;WWd åX"E] M» 4[M 4OGd M» 3O 4[N[ÁÝTG M» 6\C %' Xe| 
W_9G[ #iah\64ü 4� ÈdT M» %; M[T \T4\WC O[ Ä̀D M» X] GXù \T4[WU]Q T $\T4\WC O[ Ä̀D M» W_9G[ C["\C 
;[6̀C �' Xe| 4�ßN_>O Gd W_9G[ #iah\64ü 4h %6d Ku[Gd M» MXÙTI_BÁ L_åM4[ $E[ 4ü Xe| L[OC]N TeÉ[\G4D Gd 
4�ßN_>O M» åX"E] 4ü ;6X KG[Gd 4� \Q. L[OC]N #iah\64ü W"íD[GD 4� W[D åMQ4O &W ÈdT M» 4[Jü 4[M å4N[ 
3O C["\C4[O] UhF å4. X¾| $"C;[ÁQ IO L] åX"E] L[V[ 4[ #Nh6 $K U^e Xh 6N[ Xe| L[V[ \T4[W ÈdT Wd ;̂td 
TeÉ[\G4D 4ü L\TìNT[B] åX"E] #dåMND 4� \Q. Kt] WÝChV;G4 Xe å4 %Gd T[Qd WMN M» \TëTíCO IO 
$ÝCOO[ Ä̀]N MXöT 4ü ;h 9ÝE L[V[.! XD6] (GM» åX"E] L] #M̂5 Xh6]|  
 

åX"E] .4 WM̀; L[V[ Xe .T" &W4[ .4 TeLTU[Q] &\CX[W Xe| ÊNDå4 åX"E] L[V[ 4[ (INh6 %; L[OC TVÁ M» WKWd 
ÑN[E[ å4N[ ;[C[ Xe, $C# &W4ü 6åOM[ .T" #L[T Wd 4h' L] $:�C[ GXù Xe| 9[X» TX L[OC 4[ ;G W[M[ÝN êN\F 
Xh N[ åJO EdU –\TEdU 4� Ktd 3ah\64 7O[G», WL] &W EdU M» O[;L[V[ 4� #L[T Wd IåO\9C X¾| \TÉ[IG 4ü Ê\GN[ 
M» åX"E] 4[ KhQK[Q[ Xe| \TÉ[IG 4ü Ê\GN[ 4[ åX"E] 4� K6eO 4[M GXù 9QC[| &Ê 4üWTù WE] 4ü ê N[TW[\N4C[ 
;K åX"E] 4h 4�TQ U[í T]N L[V[ 4X4O &W4ü (INh\6C[ IO #ë G\9� Q6[Gd Q6] CK &W WMDÁ L[V[ Gd G 4�TQ 
$IGd $\íCÙ T 4ü OÈ[ 4ü, TOB &W 7hO ê N[TW[\N4 N6̂ M» W"9[O 4ü CM[M #\Cí IF[Á2" 4h Q[!7 $IG] 
6åOM[MN] (I\íD\C L] E;Á 4O['| ;GW"9[O 4� WKWd WUF M[ÜNM \WGdM[ 3O >dQ]\T;G 3O W[M[\;4 M]å@N[ 
N[ &">OGd> Gd åX"E] L[V[ 4� #9[O-#W[O M» Te\ë T4 C["\C E] Xe|  



åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] åX"E] C4G]4ü W"6h�] 2015201520152015    WM[;WM[;WM[;WM[;, , , , \TÉ[G \TÉ[G \TÉ[G \TÉ[G 3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ3O WÔÈ[ 4� \Q. $"CåOÈ    
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%; W[M[\;4 M]å@N[ M» åX"E] 4� #Nh6 Gd åJO Wd EdU 4� GTN^T4D 4h íTL[V[ 4� #\C %4\VÁC å4N[ Xe| 
W[M[\;4 M]å@N[, åX"E] 4� #9[O-#W[O 4� 4[NÁ M» .4 G' C["\C Qd4O %N[ Xe, \;WWd åX"E] 4� #W[O M» $L_CI_TÁ 
T̀\; �' Xe| \TÉ[G 4� XO ÈdT M» åX"E] L[V[ 4� #Nh6 XhGd Q6[ Xe, \;WWd EdU 4[ %M &"W[G L] \TÉ[G 4� Q[L 4h 
I[Gd M» WMDÁ XhGd Q6[ Xe .T" &Wd WM<Gd M» WÈM �% Xe|  
 

2222    $"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6 $"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6 $"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6 $"CåOÈ #iah\64ü 4� ÈdT M» O[;L[V[ 4� #6[M] #Nh6 ––––    .4 IåOtëN.4 IåOtëN.4 IåOtëN.4 IåOtëN: : : :     

%; åX"E] L[V[ 4ü 6_!; \TÉ[G 4� XO .4 ÈdT M» v�Q 9̂4ü Xe| 9[Xd TX \9å4ÙW[ \TÉ[G, L_ \TÉ[G, OW[NG \TÉ[G 
N[ $"CåOÈ \TÉ[G 4[ ÈdT Xh, \TÉ[G 4ü XO U[5[ 4h åX"E] L[V[ 4� #Nh6 Wd Wù9[ ;[Gd Q6[ Xe| %; EdU LO M» 
$Gd4D C4G]4ü W"6h\�ND 4[ %Nh;G åX"E] M» å4N[ ;[Gd Q6[ Xe \;WWd \TÉ[G 4� XO ÈdT M» åX"E] L[V[ 4[ 
Nh6E[G Ku OX[ Xe| $"CåOÈ \TÉ[G 4� ÈdT M» åX"E] 4� #Nh6 XdĈ L[OC WO4[O 3O L[OC]N $"CåOÈ $G^W"F[G 
W"6?G 4[Jü W;6C[ Wd 4[M4O OXd X¾| TCÁM[G WO4[O åX"E] 4� \T4[W 4h Qd4O 4[Jü 6"L]O .T" W\CN Xe| íTN" 
#F[GM"T] MXhEN 4' $"CO[Á Ä̀]N WãMdQGD .T" M"9D IO åX"E] L[V[ M» $IG[ $\LL[VB Ed 9̂4� X¾| X[Q X] M» (ÝXDGd 
W"N^F O[ Ä̀ W"7 WãMQdG 3O \úÊW (BRICS) WãMQdG M» O[;L[V[ 4[ (INh64O \TëT LO M» O[;L[V[ 4[ 6iOT 
Ku[N[ Xe|  
 

&">OGd> IO åX"E] 4[ (INh6 KuGd Q6[ Xe, \;W4� JQíTeI \Tå4I]å@N[ M» WL] ;[G4[åON[! åX"E] M» L] (IQáF 
X¾| 6_6Q >Ä["WQd> TdKW[&> 4� ;åONd å4W] L] L[V[ 4� W"T[E 4[ åX"E] L[V[ M» $G^T[E 4OGd M» %W[G] Xh ;[C] Xe| 
L[OC WO4[O 4ü 3O Wd XO TVÁ \TÉ[G WåXC 4' \TVND M» $G^WÝF[G IO \Q5] å4C[KD N[ Qd5D 4� Qd54D 4D 
WãM[\GC å4N[ ;[C[ Xe, \;WWd åX"E] L[V[ M» C4G]4ü Qd5G 4D 3O #hÙW[XG åMQGd Q6[ Xe| WMN – WMN IO 
åX"E] M» C4G]4ü UáE[T\QND 4[ #4[UG .T" &W4[ $aCG å4N[ ;[C[ Xe \;WWd 4ü åX"E] M» C4G]4ü É[G 
$\;ÁC 4OGd T[QD 4D 4[Jü WX[NC[ åMQC] Xe|  
 

%;4Q XO TVÁ L[OC]N $"CåOÈ $G^W"F[G W"6?G 4� \T\L> 4�Ý2D M» C4G]4ü åX"E] W"6h\�ND 3O C4G]4ü IT 
Qd5G .T" #4[UG 4[ %Nh;G å4N[ ;[C[ Xe, åX"E] M[X 4� EiO[G $"CåOÈ #iah\64ü 4� ÈdT Wd WãK"\FC 4' 
C4G]4ü #\CNh\6C[2" 4[ %Nh;G L] å4N[ ;[C[ Xe| &W4� W[D X] L[OC]N $"CåOÈ $G^W"F[G W"6?G O[O[ 
åX"E] M» $"CåOÈ #iah\64ü Wd WãK"\FC .4 åX"E] UáE[TQ] 4[ \GM[ÁB L] å4N[ \;WM» WMN-WMN IO G. UáED 4h 
W\ãM\QC4O &W UáE[TQ] 4[ $aCG å4N[ ;[C[ Xe| &G WK #N[WD Wd $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4[ 
#Nh6 KuGd Q6[ Xe .T" 4' UhF IT L] åX"E] M» #4[\UC �. Xe \;W4� IåOB[MíTeI $"CåOÈ #iah\64ü 4ü 
;å>QC[2" 4h $IG] M_Q L[V[ M» WM<Gd M» %W[G] XhGd Q6] Xe|  
 

3333    (IW"X[O (IW"X[O (IW"X[O (IW"X[O     

%; ;K $"C;[ÁQ, \TÉ[IG ;6C 3O >dQ]\T;G ;6C WK ;6X åX"E] 4[ KhQK[Q[ Xe, Ch XM» L] &W4ü C[4C 
4h WM<Cd �. íTL[V[ 4h (gCM íD[G C4 I�!9[Gd M» XOW"LT #N[W 4OGd 9[åX.| $K ;Kå4 XO COJ W_9G[- 
#iah\64ü 4[ #L[T Ku OX[ Xe, XO 4h' &W4� (INh6 Wd $:�C[ GXù Xe| Qh6 $"C;[ÁQ IO 3O WM[\;4 M]å@N[ M» 
Ku-9A4O åX"E] L[V[ 4[ #Nh64O OXd X¾, NX WK W_9G[- #iah\64ü 4� \T4[W Wd X] W"LT �% Xe .T" åX"E] L[V[ 
4[ #9[O-#W[O Te\ëT4 íCO IO I�!9 6N[ Xe| $"CåOÈ #iah\64ü 4� ÈdT M» åX"E] 4[ #Nh6 KuGd Q6[ Xe 
IåOB[MíTeI $"CåOÈ #iah\64ü 4ü ;å>QC[2" 4h $IG] M_Q L[V[ M» WM<Gd .T" WM<[Gd M» %W[G] XhGd Q6] 
Xe| $"C M» L[OC»Ê XO]U9"2 4ü I"\FN[" êNF 4OG[ 9[XC[ î!: 

 

\G; L[V[ (>\C $Xe:, WK (>\C 4h M_Q|  
 \KG \G; L[V[-É[G 4�, åM>C G åXN 4h W_Q| |  

    

4444    W"ELÁW"ELÁW"ELÁW"ELÁ    

[1] “åX"E] 4[ ;ÝM” - åM\DQdU T[MG4O  
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[2]    “åX"E] 4[ L[V[ TeLT CD[ MXÙT” - åM\DQdU T[MG4O 

[3]    “W"9[O M[ÜNMD Wd åX"E] 4[ LQ[ N[ K̂O[... ? ” - MGh; 4WM[O 

[4]    “O[;L[V[ G]\C 4[N[ÁÝTG ” – XåOK[K_ 4�WQ 

[5] &">OGd> 3O TdK I\T4[.!  
    

5555    FÝNT[EFÝNT[EFÝNT[EFÝNT[E        

åX"E] O[;L[V[ W"6h�], $"CåOÈ (INh6 412 (We4) M» NX XM[O[ IXQ[ Qd5 Xe| &WM» $IGd Qd5 #í ĈC 4OGd 4[ 
$TWO #E[G 4OGd XdĈ W"6h�] WåM\C 3O $"CåOÈ (INh6 412 4h X[åEÁ4 FÝNT[E|  
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