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Abstract ;: This paper describes the basic process of laser communications and their link types firstly. Then, it
focuses on the latest developments of the laser communications in the European Space Agency( ESA), the U-
nited States, Germany, Japan, and domestic laser communication research, and also gives detailed technical
parameters of some successful applications for the laser communication terminals in space, such as laser wave-
lengths, communication distances, communication speeds, bit error rates, and application purposes. It high-
lights the characteristics and advantages of each instrument in opto-mechanical structure, points out the key
technical problems faced by the laser communications, as well as the future development of laser communica-
tion trends and directions through the analysis of the research status at home and abroad, which will provide a
reference for the study of laser communication equipment and its related fields.
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Fig.2 Sketch of space communication link
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3.1.1 ESA#HA

ESA J2t FUROG s [R5 1Y 5| 90 | 2F 4K
G 4% 1Y) B PR 8% % 52 56 ( Semiconductor-laser In-
tersatellite Link Experiment, SILEX) 11 %1 F 1985
ARSI, HHOGIE (5 AR G BT IR 3 (a) BEE N T
XoF 25 OG0 A7 AR 22 S BHEE AR 3R A7 S5 90 P 5
HE, 1998 ARk & T ¥ SPOT-4 2 fH 5t 155 —
MEREOGREA ¥i ( Laser Communication Termi-
nal , LCT) F 3 1 M09 T2, 3 LCT Wni&l 3 (b) Jir
7No 2001 4F 11 7 ESA iio7 T SILEX Hussk[a] 258
TE 23 () OGIE 7 52 B, 2 568 00 1 20 h Ak HORAT:
%5 ( Advanced Relay and Technology Mission, AR-
TEMIS) 1 SPOT4 2 [A] 5 Y SE B 125 (] 5 ) 0
5_{%, BJ SPOT4 #] L) ] ARTEMIS i {5, R Z A

AE , AR R R O I A5 7 A% 181 B R 43 31)
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Fig.3 Laser communication terminal

(b) (HARTEMIS LCT

(a) ARTEMISHISPOT-4

ZIFLBAE &R
(a) Communication between (b) Image deliveried by
ARTEMIS and SPOT-4 ARTEMIS LCT
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Fig.4 Communication process and deliveried image

WE 4(a) f4(b),

SPOT4 - (%504 3 3 380 3 1 A& i 21 AR-
TEMIS , i {5 3 2} 50 Mb/s, IS4 10°°,
TE ARTEMIS |-, A Ka 7308 BEA A 3005 3 15 7
A5 SPOT4 Bl A4 [0 My g, SILEX 3= 2t i %
R, aE 5 FoR, Bl 157 kg, >R
FH 3k R e 2298 ) (IM/DD) 7 2, ARTEMIS
F1 SPOT-4 K ] 797 ~ 853 nm BOGI KAF B 5
Wk, BOCRMAELI R T rad

ESA T 1994 4FFF if # 7 i 1A 568 15 FE b
( Optical Ground Station, OGS ), 1996 4F 52 i,
1997 AEHIRSEFL T OGS H Zeiss It 45 A I 52
5. OGS T 2001 4F-7E ARTEMIS % 5t J& T4 Fii
O (5 52560 8 6 J& OGS Zeiss 1m
B INE | B AT R R NI

H A% Jiy (NASDA) 1 ESA F 1993 4F 1k A%
P, F 2 ()OG5 5, HAaF 6l A9 LeT
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Fig.5 Layout of SILEX optical antenna
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Fig.6  Layout of OGS

%4 W FHIOGE AR 5 4% ( Laser Utilizing Communi-
cation Equipment, LUCE) T 1994 4F 5¢ i, 2002
JAXA {IESE T LUCE 1 ARTEMIS LA K OGS i1
N GEO YUliE(F"" Se g ny vl it 2005 4 8 H
LUCE #& # 38 {5 52 50 T2 ( Optical Inter-satellite
Communication Engineering Test Satellite , OICETS)
PRI BIRK AR HE (B 610 km) 58
BT 2 () T3 22 T) 0 0 [ 3 A, L AT Ry
2.048 Mb/s, 4738154 50 Mb/s, SILEX T1XI#Y
R [ALE A S5 T 2006 4F 9 F A ) 58 1 58 5
1155, B PR b T 22 8] A3 15 B 3 2009 4E 9 A A

%1 OGS/SPOT-4/LUCE/ARTEMIS j#{5& %
Tab.1 Results of OGS/SPOT-4/LUCE/
ARTEMIS’s communication

. . Success Error
Times Duration
name rate/ % rate
SPOT-4/ARTEMIS 1862 377H 96. 1 10°°
ARTEMIS/OICETS 83 14H 97.6 1077

OGS/ARTEMIS 393 78H 91.3 1077

Communication
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%1k, 0GS/SPOT4/LUCE/ARTEMIS Z [8] 1) i
RS RE 1 iR, A H AR BT i 7o
W AFERIDTSE , F AT IE A BT 40 Gb/s 1815 H
i 2s O R,

3.1.2 1%

SILEX S RS 25 [R1OE 18 £ 7 28—
A, HLEO Fil GEO I EH /Y 14254 250 mm,
(B T H B RA R R R, I B0A 452 ) oG
TR R R ) E R T SRR ) RS
T H M RBOGEE AT REME, SILEX R 405 &
RAFAER R 2 th T 4 0GR A9 K R BUR
FITRR , SR O 60 mW, 1996 4 ESA
W7 T —~H Ruag Space AG 43 HAH 3406
AR AN 2%/ N R R T YAG 30
FHE R BOE IR ERE B4+ LCT (SROLL) , &
Gk BPSK 2 M 7 sUSLBL T 1.5 Gb/s )
HAF R LB DR KM A35 mm, B A 2
20 kg, ISR iE AL, FEE HOGARBOR Y 52
o, AR T O G A 2 R T RE PR A A A
— SRR OG5 ] T 45 8] B s 22 TA] Y
FA,

1998 4F 2 A, BicHi HE =S 6] b7 11 ( Oerlikon-Con-
traves Space,OCS) 1 Motorola 2 5] ‘& A il 57 Kk W&
A B ( Strat-egic Alliance Agreement,SAA) |, B
#H—E T CelestriTM 1% 1% %1 (LEO) LCT
(OISL) , & F WML Motorola 13 [ [F 58 45 &+
ARIFFOML(TAA) | SRITZ I ML K 3 36 [
PP I S [E E R BURHEZ 1] 0CS 42 iR
SCRE (H R — S8 HAB 2 B A 2] OISL WF i
F AR IRELE] (Carl Zeiss) Al TESAT HiAt {5
(Bosch Telecom) 23 ], Ja St AHLfE M OCS H
9 17 X OISL BIF & [ AU, 4% W] Fl Ball Aero-
space i N H EE T A VEIKLE, CelestriTM 11X
BOH , (HJ2 8 [ 23 6] J5) GSA (German Space Agen-
cy) 4RSE S HFRIZ I H B, T4 B /R LCTSX
FITSX-LCT $H3 19— 53

P —JL W T E LCT, Horp — B3k T
TerraSAR-X T2 I WK 7 (a), 51— G AL
[ NFIRE T2 I, W& 7 (b) FiR, B4 454
JENE 8 Frr , ¥k i BPSK A i 2 AR . %
fitg i 7y b K BIAR 22 SR 19 06 B AH 4

R R FE 0 B AR RS T L S B
R PRI O SOG B K, SR DB B i A A7
Sl RIS O

17.01016:04

(b) NFIRE |-#LCT
(b) LCT on NFIRE

(a) TerraSAR-X FALCT
(a) LCT on TerraSAR-X

K7 FEEAE TerraSAR-X MUY LCT (£2) FIHE HAE
NFIRE TR H) LCT
Fig.7 LCT on side of TerraSAR-X (Left) and LCT on
top of NFIRE( Right)

oarse pointer|

(b) LCTIEAEHE T 4603,
(b) Experiments test of LCT

(a) LCTZ5#4
(a) Structure of LCT
K8 LCT AME A g (71 )
Fig.8  Overlook of LCT (left) and its experiment test
(right) (German)

ZRENBEILG R R RS WE A, &
BEAR/N R 125 mm, i < 15 kg, Il KINFE RS W
(ANEFE CPA T8 [ B TT) , — B AAE A5 % >
180 Hz, 2008 4F 1 H i LCT I HAEAR =S [A]
WA EASEEES K 5 100 km il H % 5. 625 Gb/s,
RIGEN 107" RFFIIFE K07 W, REE L
}9 35 kg, HFEZ K 120 W, £ K /N K0, 5 em x
0.5 em x 0.6 cm, TerraSAR-X A1 NFIRE A9 1% 2h
WAFUESE T A HROGE R EIR DR Z [ B E
AT, X LS AT HOGEFE AR K48 525 X,

SR O 38 15 Rl A e ESA R R
TESAT R BEA , K J& T S iy Bl AR B v 4k
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fEMi R 5 ( LEO-GEO-Ground Link) NE PN
INA 50 kg, iz S F)] Sentinel-a il Sentinel-b
2 WUREL TR 3 s T2 ALPHASAT (EDRS-
A EDRS-C, LEO Fl &% L& EDRS i {5 # & 24
H 1.8 Gb/s, iR 5 R K 107°, i 5 B B N
45 000 km, & 5F T) F K 2.2W, (L 4% B TR N
160 W, 55 1142 4135 mm, B2 K/N K 0.6 cm
x0.6 cm x0.7 cm, FUAM GEO 2| 1 [fi (9 1% i
AN 10 Gh/s, 16 2013 4EHEAT I FHAEGAE
3.1.3 %E(LOLA)

HLZE G 5 34O 8% % ( Liaison Optique Laser
Aéroportée ,LOLA ) 4 i [® 5 32 UE € HLAI GEO %l
TH Y 5 P A TR A LT Aigs el DA B
B LCT AH L, WML F B LOT 62512 f& i ZU45E 5l Fi
KA L AR o %30 H T4 T 2003 4EJE
2006 4FE K LOLA A1 ARTEMIS 52 3@ {5, H -
TTH%E N 1. 64 Mb/s, FATIEAR A 29 Mb/s, %
234 10 77 WA T AR K 848 nm, HOL K
SR 0. 104 W, 32 K 28 B 0 5 % FH 2 il e =X
VeIt R gk 4 (00K) P H 5 =2X, RGN
SN 9 s

(b) LOLAY LRG0
(b) Telescope of LOLA system

(2) LOLAMEE
(a) Layout of LOLA

K9 LOLAAMERE (), LOLA BInEEIMNEE (£)
(EEHE)

Fig. 9 Overlook of LOLA ( Left) and its telescope
(Right) (France)
3.1.4 £

I R A MO E R R T &, BT
FENUA AL HE € [ 20 Jsy ( NASA) | 38 [ 28 EF 5%
% (AFRL) bR SE80 3 (MIT) |, i 2 TR A0
SR (JPL) 25 40 STRV2 D2 % LCT,
2013 4EHH-RIHF Y GEO % Hb il {5 L& ALPHASAT

Flth (5 %45 LLCD, 2016 4F JH T4k TR @
{5 LCRD 151, 2009 4EF1 2011 4F3% [ 43 5 %F
/\-ﬂﬁ%nf\ WO AR HEAT T IR, AR T
R RIRCR . TEIL Al T #E S7 2016 4F 2L R 0%
:Eﬁ PR 28R, T3 17 % A e FT IK 40 Gb/s,
PUF S FSR LA LOT S 404 T
(1)STRV-2 i &I#H T 1994 45, HEFTH K
JEIGEAE R T TSX-5 1 1 35 =2 ) AH 1
AF I Y B BN 0, W BEAE STRV-2 1Y LCT
(GOLD) , #Z2 WS & 58 1) FE 02 2R B0 R FH 4y il i
THIE S R AR, il 10 B, &K R
810 nm, JWOGAE 5 10 & I FR A B S8 i, B
BT 4 A EARBOE A, #OE B b Th R o
62.5 mW x4 P14 80 wrad & BAE, K5 T
T 42 R 2. 54 em, K HHHER A 622 x2 Mb/
s, W ST IOA 0 13,7 em, HiuTH 2 0m & 5
AR S e 52 1 H A2 431 R 30.5 F140.6 cm,
LCT 2050 32 6% R FH it 2 e S 5 =R 254, T 42 1K
JGEE R AR R 87 B33 2 X, i & T 2000
AR 5, AR 2 a2 M, S 56 v 3 1 B B N
500 ~2 000 km, K 155 Mb/s ~1.24 Gb/s, |
FHRAS RN 10 70, FATIRAG RN 10 7418 1)
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Fig. 10 Optical system of LOLD’s LCT

(2) e {5 R """ (Optical Communication
Demonstrator, OCD ) ;3 15 Z¢ i 2 35 & JPL 52
55 = A NASA JE[E A6 1Y, REAH 3 45 B
B, oy BIWE R KB ORI AG HE, BN T
WSS F TR Ab )5 2 (B OG5 1 nT A7 1, JE P
HOCDIFMOCDI, OCD [ & sl H
PREFALL IS B 55 2 B8 FE A OCD 11 AH BE 22 i 5
M2 ,0CD Il /9 % 34 2. 48 Gb/s, A5 K H
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1 550 nm,OCD [ @ {F # Ky 830 ~ 860 nm, Hol:
PREEFIANIE 11 i, 0CD 1 A1 OCD 11 #& AHZ5 420
E 12 iR,

(3) A BRIt {5 £ % ( LLST : Lunar Laser-
com Space Terminal ,LLCD) /& NASA“ HEk KA 5
AR SR TR B —F 43, B NASA R MIT 3 [7]

daptor platt
2-Axis gimbaﬁ AOLp A eR .
X ear covers
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(a) LLS&5#j
(a) Structure of LLS
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K12 ocD 1 (Z) M ocp Il (47)4MER
Fig. 12 Outlook of OCD I (Left) and OCD II (Right)

WL, BHAE 2013 AEFFOR A, E2I00E A 3k 5
b 22 1) (038 A PR R L Ak B4 4 A fRT B
Bk, R4 FRIEEK/NK 10.75 em, BWOL K
SHARE 15 prad, IF 0.5 W, FATHEEE N
20 Mb/s, FATIE {7 # %R 622 Mb/s, i {7 FE &5
40 000 km, FEH 3 FAA A, 53 = HL 2R
il JEHLREGIER Sy, HOEHLE A 13 Fros

Thermal radiator Power
for electronics N7 converters
z 7 cm 30.5 cm aperture
Analog and P
digital Telescope
electronics Inertial

Laser reference
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cover

Solar Vibration
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(b) Structure of MLCD

K13 LLS(Z) Hl MLCD(£) JeblLakfs
Fig. 13 Opto-mechanical of LLST(left) and MLCD (right)

(4) KR FEEAF 78 R 58 (Mars Laser Com-
munications Demonstration System , MLCD) J& NASA
T 2004 AETFLEDHH] , BUTHE 2009 4% 4, EZ
TR R I O A B E AR R AR AN ] A%
V3 7 T R AE 1 ~ 10 Mb/s Z Ji], {H & AE 2011
AEIEFE I, KO EIE RS 4 x 10° km, J2 15
Y HE AR B R RO S i i g, H I BT
BELAEN 305 mm, BAFHEASK/NA 1.06 pm, K
THER A O ARy Ty A& SR K o,
PPM I AR TG AL LS | foe W {8 2 5 2

R 300 WL MLCD By45 Lt 13 fr
TR

FEETF 2011 4, 7E LA CHLZ AR A A
N, O S T AR R Ry 2.5 Gb/s 5
UE 52009 4F iy MIT A6 4 A T QATLRT b T A 38
fFI 2, 15 BE & A 25 km, 1% i R
2.66 Gb/s; TERFR N T a4k T A th ot (s
R4, Wit T 2016 4EIF 4k T AR, 15 3 R 5 ik
10 Gb/s,

FETF 2010 IR L« F T A 1Y R
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T & 8 {8 i1 X ( Transform-antional State-Uite,
TSAT) , %R B T #l 5 — RO £5 M
2%, SCBLE A RYWOBGE A ) HOGIE (7 5 1Y AR
BEHEIE 200 125670, A2 KRB Aok ANE A2 A 2
573 3 (BRI R A2 7 TAE . TSAT U2 36 [
T 38 5 1R ( Transformational Communications
Architecture, TCA) [ — ¥ 43, % M H fi it T
2016 4EJF IR I, ¥ KAk 2 TR Z 18] /Y 38 {1
(SR O 10 ~ 40 Gb/s'™ iRl IF 4
FbhsZ i) T —AGE AR T RS 2 8] 1 {5 1
o) PR /NS RS T [0 K
3.1.5 4+

TEIE Z WO 5 R GEWHR] 1 50, 5 121y
I %) B0 BT R M A BT 225 T 7 4 e T o
OPTEL ZRFIHOGIE {5 200> 2 2 A S LA %
/N AL, HOB B A 14 Fis ot
VB R T B Al Y B & 4, 7T RASE 3 F AR
giivge st , H 3R Emm s g S mE 15 fios,

K14 OPTEL &3 F-65
Fig. 14 Optical bench of OPTEL
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Y
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plane mirror

E 15 OPTEL Y& RE&OGHK

Fig. 15 Layout of optical antenna
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mirror
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3.2 EREBRRR

FR I 23 (RO 38 15 A A ke D A e, 2211
W& BN A G 7R Tl K 2% KB TR A
HLF R K2 IR AR R K224

W IR Tl R A o 1 A2 b R B ) S0t 3
BERGWFE, 2011 4E 11 A, s TRk A470FH
BTN 2 ) 900G 368 17 2 3ty 1 VK S 8 R b T (7% 3
= H AT R 20 Mb/s , B[] 4% i %R
504 Mb/s, K104 K 150 mm, B EE K K
680 nm, FATHEMGIK 1 562 nm, IH K 1 W,
AT 1552 nm PR 0.4 W KEH TR
25 T ML AN Hh T A OB (5 DL R ok E
RS ST, B 2B A7 2 UM T A AL
S, AN BT R PRI I L SCRR S

4 ZEBFOLEEXEEAK

4.1 SRHHERE

WO R IR A WO AR 1« HRAE ™, HR B 1)
BRI B o B i IR OB A R a0t
SRR IR F RS R IA K, FI R Z
BOA AR HRR R T RGN
INE TN v st SR SN SR (EP T Nea W2 W v e coe ko7
JIN PR SEE S T A R E AR | TRt & R sl
S S G U %, 34 5 1 R A 4 = 15 e L

WO A 2ty T AR ZE AT S BR BT, 763X A
FRI R T (RGEM PSR 22 RMS <0.11),
BT S5 A 5 22 AR Z W AT TR R e D14
FIEARTE I TR KRBT S8, B Ky
TN AT A/ NG — 52, SR B AR T Bt m] X A5 i
AT B IER IR T A A R 25 Ak R e
MR K76, P I A — 2 % 3k B 5230 R
B EWE R B ER , BRI Oy L E /)N T H R
FELRE B2 W] UM AR 47 (FUR A B AT 5, I TSR
PER; B IO & S DR AR 58 | il ) 58 SR
T, 2T AR 22 51 AN 220615 S ) 1%
RARGRIEME L, i AR B 12 22 R B AILE 15 1R 19
RAEET | PR 20 iR e T AR IR i T K
TRCATOREL RS B 25 v i R 22



678 D2

otk

4.2 SIEE APT K

H A2 288G 28 LT IO GE A7 1) i o R st A
MFHE H AR T & L 10 b — 2R sh iS5 e T
FAVERAS , XT  XoF i G e XoF o SR LA,
A I R AR R B (APT) F AR AR N
TS ST RS e v RIS A TR, HRT
SR APT H AR v HHL R B 11035 S AR /N A BRI
R AR K A — I EOR B A R R IR 2 <
2 wrad A BEE IEH OB G . & RG]
G PR SL AT AR P E BR rRORS B  £5r WE) J2
KIEXANT5 ] (2 2 1%
4.3 REXHAEEZE

X T2 [RIBOGE AR R Ge sk U, RAGEF X T
BRI AR 2 IR, R T RO
FEHATAEN I 0 R DL B TR FH1E L
[R]85, 33 e (] 0 Hp i DA i 90 0D A AR e ik R g
P LA g ) R 2 R A A s S AN [
SAFSERt AR L B2 ™ R O A 2
) BRBEFRG E, 1 RC{5 1) 1580 5 AR A1 {5 B
T 4 ] A 7 S 3 S A AT A T A B, R
FH R S St G T - B AR R) P i S f ) B 1m
RER PR AT 8 >R FH B 928 5% 1) 5 1 - 18 4800,
K FH 38 7 2 B B e T 90 A R HS 52 i 4
Jiti, B R % A R A A
4.4 BSEZXFHER . SHELZHHHE

R T PR PR 2 OGIE AR 1 UR AT, 220
TERO A — 2 R/ R . O TR ARG
AL i FE B DL O R B AR E R Bl AE
1 WH RS2 T, 40 000 km 3 (5 FE 2 4L, % 5t
KL R 0. 15 m, W5 R AN 100 prad
B, B OB D R e K20 R 0. 14 W, 0ok
PATH R R OGRS RS g KA TR
IRl R HOR it T B £ 07 AL W] 58
B[] B R P — 2 () 8 5 3K 58 A i AR

SE Lk

LR IR R Z ok R IR IR 28, 34T R M R0G
RG22 1) Se R IR AH 8 A7 5 R g b
SR FH o s I DG IR X T A 4 A
77 2 22 % B BPSK il DPSK Z&Je itk H A, M T
O A5 A AH T O {5 A A, 5 M e aT DA
FEEIT 20 dB, {H [R] Bt 0] 2 2R e A i i o
ARG T s 2R,
4.5 BREMESFEKES

WOGIE AR ZR G0 MR RS B — R AE LA
SIREE sl B /N SR 1T 25 (6] °F- 55 A 4 20 R AR e T4
DU AR FE X 58 R INAE ML 25 1 & LI 80 B S
2ty Hm AR sh JL o RIZ PR — A TR O
RGEHT- 5 2Z (8] A Z5 R FH I 5 2 5 07 =X, B3Ik 3y
S RN B A R S8 T AELE AT SR FR BRI, 4%
PR AR LA B AN 2% A B 7= AR 0 #0230k
) AT SIS S AR AT, DA AU R 45 A 1 4
Qb U BT DRI I R 3 B 1T, AL ) S AL
SR I s AR A A, DT 328 3 10 38 A fh 22
Rl

5 #ZRiE

WOtEFERRES AR =T 2FMik,
X R A ey B 2 )£ R B S AN AT ik A T
Bt B & E GOIAE R I [ #4527 RIRK
TR IR E F AN T [ AP e, R Y
ST IE | SR O HB B, 1M HL i PEREHOL
TR F BAREE ISP e JE {5  Af 2 [] i
1R B EREER S FirEOLIE (5 B AR BT A A,
UL [ 28 3 42 OG5 ) — 2L SRR | T
EARAUALSE I T 0] 1 A0 15 i e e, RSk
2BE s FE P 18] 5 1 LR R s ) 4 Qa1 R 4
A REFEIT R AFHOCIE AR B PEH, 11T 5 [ P9 )
MV HO G E R PEBPERE

(1] &R J AR FHOGE FEREZ R R AR B [ D], P42 . P RHE R 7, 2011.

WANG Q Q. Analysis of the influence of atmospheric turbulence on the performance of partially coherent laser communica-

tion[ D]. Xi'an:Xidian University,2011. (in Chinese)

(2] &A% MTHOLZ MIEUE L R 5 L2 iR ERTFE [ D], S . i RHE I, 2010.

YAO ZH SH. Space coherent laser date transmission system and multi-order correction[ D ]. Chengdu: University of Elec-

tronic Science and Technology of China,2010. (in Chinese)



555 7 NI 45 - 25 RO GIE A A MR 679

(3]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[22]

[23]

EoM B RSB RARS 24 M]. e, B Tl H AR ,2010.
JIANG H L, TONG SH F. The Technology and System of Space Laser Communication] M ]. Beijing: National Defense In-
dustry Press,2010. (in Chinese)
TOYOSHIMA M. Optical space communications in Japan[J]. Function Materials,2003,10(3) ;428-437.
GREGORY M,HEINE F,K MPFNER H,et al.. Commercial optical inter-satellite communication at high data rates[ J].
Opt. Eng. ,2012,51(3) :031202.
REYES M,SODNIK Z,LOPEZ P et al. . Preliminary results of the in-orbit tests of ARTEMIS with the Optical Ground Sta-
tion[ J]. SPIE,2002,4635.38-49.
SHIKATANI M, TOYODA M,TAKAMI H,et al.. Ground system development for the ETS-VI/LCE laser communications
experiment[ J|. SPIE,1993,1866:21-29.
KOISHI Y ,SUZUKI Y, TAKAHASHI T,et al. . Research and development of 40 Gbps optical free space communication
from satellite/airplane[ C]//2011 IEEE International Conference on Space Optical Systems and Applications,May 11-13,
2011 ,Santa Monica,USA ,2011 :88-92.
B HMER K,GREGORY M, HEINE F,et al.. Laser communication terminals for the european data relay system/[ ] ].
SPIE 2012 ,8246 :82460D.
GREGORY M, HEINE F, KAMPFNER H,et al.. Coherent inter-satellite and satellite-ground laser links[ J]. SPIE,
2011,7923.792303.
CAZAUBIEL V,PLANCHE G,CHORVALLI Vet al.. LOLA:A 40000 km optical link between an aircraft and a geosta-
tionary satellite[ C]//6th Internat. Conf. on Space Optics, ESTEC, Jun 27-30,2006 , Noordwijk , The Netherlands,2006.
HEMMATI H. Overview of laser communications research at JPL[J]. SPIE,2011,4273:190-193.
145% £ 40, 20 g ¥ S HEOGE G BUR A R R [T]. B %,2012,5(3) :117-125.
FU Q,JTIANG H L., WANG X M,et al.. Research status and development trend of space laser communication[ J]. Chi-
nese Optics ,2012,5(3) :117-125. (in Chinese)
CHEN C C,LESH J R. Overview of the optical communications demonstrator[ C ]//Free-Space Laser Communications
Technology VI,Jan 23-24,1994 , Les Angeles, USA,1994.
PAGE N. Design of the optical communication demonstrator instrument optical system[ J]. SPIE,1994 ,2123 .498-504.
BIASWA A,PAGE N,NEAL J,et al.. Airborne optical communications demonstrator design and pre-flight test results
[J]. SPIE,2005,5712:205-216.
NEVIN K E,DOYLE K B,PILLSBURY A D. Optomechanical design and analysis for the LLCD space terminal telescope
[J]. SPIE,2011,8127:81270G.
BOROSON D M,BISWAS A,EDWARDS B L. MLCD:overview of nasa’s mars laser communications demonstration sys-
tem[J]. SPIE,2004,5338.16-28.
Special report the USA’s transformational communications satellite system ( TSAT) [ EB/OL]. (2009-06-08 ) [ 2013-08-
12]. http://www. defenceindustry daily. com/special-report-the-USAS-transformational-communication satellite-system-
tsat-08.
BAISTER G,DREISCHER T,FISCHER E. OPTEL family of optical terminals for space based and airborne platform com-
munications links[ J]. SPIE,2005,5986 :598607.
TA, AR, BAR, F MHDERE S PG R SRR A ERI[)]. % HE T42,2011,19(9) :1991-1997.
DING K,HUANG Y M,MA J G,et al.. Composite control of fast-steering-mirror for beam jitter[ J |. Opt. Precision
Eng. , 2011,19(9) :1991-1997. (in Chinese)
Wk FEE SHHH S RGN T ECEELNRN CCD MRER[T]. 24 #% T4 2012,20(2) :270-276.
TAN L Y,WU SH CH,HAN Q Q,et al.. Coarse tracking of periscope-type satelliate optical communication terminals
[J]. Opt. Precision Eng. ,2012,20(2) :270 ~276. (in Chinese)
T, BAOE I AT T ORI RS 5 AR [ )], B ,2012,5(3) :289-295.
LI B,WANG T F,WANG D N,et al.. Simulation of laser beam propagation through turbulence[ J]. Chinese Optics,



680 HEDE

O o

2012,5(3) :289-295. (in Chinese)

[24] H—7, xR, TS, F. RS HEARLE PSR PR )], k5 H% T42,2011,19 (9) : 2197-2204.
MU Y N,LIU Q, YU L T,et al.. Application of Hartmann technique in sequence spot detection[ J]. Opt. Precision

Eng. ,2011,19(9) :2197-2204. (in Chinese)

[25] Z@# 2k 7 SREEROLERS /N TR R R H AT T]. b5 % T42,2008,16(8) :1554-1559.
WANG SH J,JIN G,XU K. Design of simulation platform for high precision laser communication small satellite constella-

tion[ J]. Opt. Precision Eng. , 2008 ,16(8) :1554-1559. (in Chinese)

[26] ARNON S,KOPEIKA N S. Performance limitations of free-space optical communication satellite networks due to vibra-

tions-analog case[ J]. Opt. Eng. ,1997,36(1) :175-181.

[27] MORIO T. Trends in laser communications in space[ J]. Space Japan Review,2011,11(70) :1-6.

EEET:

FRMEI(1986—) T3 BRPZ A 1+
WA 2009 4F T IL AR K2 fAg 2 2
A, T2 DG A g2 B Al
2% R G AR [ WF5Y, E-mail: wucon-
2jun789@ 163. com

BEFN(1973—) , 5 AL Bt BF 5%
51,2001 4FF i ERE B B LR
HUI-S Py 58 AR A i -2 7, R
A2 ] 2 38 B AR 7 1 1 5

E-mail ; yanex@ ciomp. ac. cn

FAER(1962—) B ILAR AN, T2
L S 20 0 T 7 1 e s [
BTG R AL B OGS KA
RHMEE M 1R ITBF5E . E-mail : gaozl @

ciomp. ac. cn



