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Analysis of Optical Aberration Impact on Acquisition Performance
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Acquisition is essential to laser communication link's establishing. In order to study the impact of optical
aberrations on acquisition performances. based on the transmission process of beacon beam and image quality

Key words

evaluation of laser communication system, the impact of monochromatic aberrations on acquisition centroid intensity
intensity decrease caused by sphere and astigmatism. The Cassegrain and three-mirror anastignat (TMA) antenna

and acquisition errors caused by tilt and coma with centroid and weighted centroid algorithm is analyzed as the root

mean square (RMS) of monochromatic aberrations is less than 0. 2)x. Besides. compensations between aberrations to

1

in laser communication optical system design
OCIS codes

5

above view. These conclusions can give some guides to antenna type selection and image quality optimization strategy
060.4510; 000.4430
. N

the centroid intensity and acquisition errors are also discussed. The analysis reveales that acquisition errors caused by

tilt (distortion) and coma can completely compensate for each other., and defocus can greatly compensate the centroid
=

MO EE RS

systems are designed by Zemax optical software, and by using the method. the combined effect of aberration on
optical communications; optical antenna; monochromatic aberration; centroid intensity; acquisition error

centroid intensity and acquisition errors within 0. 3" circle field is calculated. The result can sufficiently support the

e g
AN

Eﬁ%?ﬁ'm‘i_rm ?)L$ﬂﬂ
MPrEARAE ok  H 3 /N EL S R
Bl 2

BT ) SIS
HiL 55 B4 K 2 1] Eﬁﬁﬁ”

N

815 125 WH B . WOtEE
[ S 3 125 0 200 2 3k Wl o RFL B B 956 RS B

Xk R AR X T e AR R RSO
2]
ot G R B A OR AR
fZ:A
S A R G A S R R e AR B 2 T '
Wr B8
EgUWHE:

fEE T
E-mail ;

FRY
2013-05-06; W ZEIME M FS HHEF: 2013-05-23

XTI
s HB R P AR 22 ¥ J7 R
(RMS, frus) K/NHEAT T”l?E,ll[M = A i n T
LEO-GEO Z [a] {1 & it Fi e i 14224 250 mm (1 41
% 863 i1 %] (2011AA12A103)
RN 1986 —) , B LR EENFE
wucongjun789(@163. com
Smfaf: #E
E-mail

yancx(@ ciomp. ac. cn

T HOLIEE RS 65 KL O M PR 22 3 05 i
BB (1973 =) 5 e BT 5% P O AR

8] 6 2 A A8 G 24 BTy T A 5T

[R] 2 18 LA Ty 11 1 F 5
1005004-1



i &

# ot

ACRA/ 305 o B R Ik R AR AF 5 R A X R
5| 14 0 TR A8 AT A0 A T X IR T R A X
TR o AR AN A 1 R R AT T R A T o E g L R
JER G 22 W 5 iE R RE i AU T E 22
AR XGT F7f K O 22 52 M 10 501 43 BT 235 24 R 2% FEGT JoiT 0
S5 B 5 W G 22 2 (8] A H AV % B s Toyoshima
EUR A e ve 2 IS R T 5T T U R AR %
S S 9 5 ) 5 Sun 8511k F I JE T 2 2 350 2% A7
e HOD 2 4 ' 2 R 4R IR T 0 B 45 I 15 22 0F 15 1
T X 7% R S AR AT T AR 25 6 T AH A R A R 11
S, AR SCMGIE Y 4 A 1 6 U 52 B R 40 A T B L R
W5 25 1) — MR T SORRS B33 0 2%, o 1 STl
B AR 25 H AR IR 0 G B 4R 0 SR 0 i
FUMAUTT O T3 T A5 22 38 B 4K A 22, 0 B T 40
FROBRENHEAERCR, JFRITT REBKSR
SR B = R (TMA) RE8, /3 B T W b K 26 1%

FELRE AT PR X 478 35 Al 22 S50 D R B ) 52 00 O 9K
I ELF RE M BT RIS % .

2 WOREAE R RS RE R b
2.1 BERATHREUHLREE

R A2 b Fin & 3 B A5 BR 6 RO 25 T ot R
T B R G AR S . AR AT R s I
. BT E A IR B, A0 PR {2 i A B 20 R
36000 km I, i I R IR AR B A0 I 2% 4 L O 37 O R
A T 20 35 0 AR BRI S A 0 i s ot A
— 175 A R AL B R L 20N 100 m, 1K 2k 1 4%
— AU IUE Z oK IR L AL L 6 A 1
A) AT DA% BEOE- AT 06 AT A0 BT EL SR B T A
550 PRI AR 3R A R 25 AE AE B G AT 5 38 e BT 1
(1) B 37 1E bG8 AR A R 78 1 T R A5 RIT R AT ) A
FEL AR (D 27 A2 B AR AL R R G AR 2%

27

ECe,y) = Hcexp[imW(q,mexp[— 2%+ 0 [z (D

2

Af

P CRH L AW FoR I 1 IR 22 . & 605 H I AR A, X2 3 45 Hh it 10 22 O IR o DR OH SR P A A
B BARZEW T T3 A T I — Pt b B b AR 22 SRR s

AW = D> W0 cos" ¢, (2)
A W, AR 2 REG Lom BRI A (B I, FoR A B 1822, (2) KRR B B T2 RGUR 21500

EYH A — LB, 351525 5 %1% 2% RMS, W55 /K B (Strehl ratio, K/NH S) Z A& R A1(3) . () KR,
L 1AW T H ML BAZ 225 FR A 0. 22 B A% 22 RECK /)

2n 1

1

27 1 ,
Fos = hj JAWZ(p,ﬁ)pdpdﬁJ— iU JAW(p,ﬁ)pd‘od(ﬂ : (3)
T

Z7.rl
s=1

s

o 0

o 2
| Jexp[iZTrAW(pa@)]pdpd@‘ . )
0 0

%‘:2 1 frus=0. 22 E#%é@ﬁ%%ﬁ

Table 1 Monochromatic wave-front aberration coefficients with frus=0. 24

W, (defocus) W (tilt)

W, (sphere)

W, (coma) W, Castigmatism)

0.6928A 0. 42

0. 67084

0.56562 0. 82

Xf CCD #R I i 23 & 10 4 BR H2 00 & 4 ok 3 e i

AR TC(E TR BE IR T T AR E DGR EE R/
I(x,y) = E(x.,yWE" (x,y). (5)

PRI I 4 BT A5 5 7 Jo 0 7 65 114 54 55 1T 2 A oA %o Jot
OOGER EAG B 7 BT, 5O R G PR 22 T LR
5 1 M 25 B 3T R B R L RMS 2556 2242 PEAN 48 B
AR AR o PR O 3 o PP 0 22 AT B2 OGRS AR B A R A
T SO 07 B B G SR B Z A Y G AR
2.2 WRABEMHREEITE

23 [A) O T8 15 28 3 #1145 AR 06 52 B 3R DO RE

AR T HER AU ARG 23 18] 07 1) . 528 T 4R
UEAR S A MERG M G BEBLO A B — o A 8 m BE
B ROERETR B K AN 8 A L DR B R R 2k
FAGEAH ARG BE 1A A A T 22 00 2 Al AR A6 B A
DR E L A5 2208 RIS RS20 AT SR FH 4 4 O 22 2R 4T 5
S Je A AT LR A O e H — A AT i 34

AR 22 1€ S0 52 B A B 10 £ A D' il 55 B2 O
B s, B IREDRAIEAE L BB IRZE
e ARG A BB B IR 1 A5 2 T B AR D
2% T WO E A5 P 2R R B AR AN E R T

1005004-2



VSR N

18 22 %08 AR A6 BT B9 5 1 43 AT

2 purad 3 B G MM A 25 R RE KT 0.5 purad ™ |
A SCHE SR RGBT R B & R R R 22
JIT 38 R A AR O 22 o A AR 3R S % 2 R R T A
Gy B A ) A B, BT Al A bR A R
Ao AL B o 325 0 8 L J o 125 ot SR 4 SO RE AV
THEAF PR HOE B 11 (6) ~ (8K FT7R :
%ﬁ)ﬁ‘t‘(ﬁi

HI[(I,y)dxdy

HI(I,y)dxdy ,

jy[(x,y)da‘dy

J I(x,y)dxdy

[38)  Jo0
Hx[ux,y) — Tldedy
J[I(I,y) — T)dzdy

x

JIy[I(I,y) — T]dxdy.
ﬂ[[(l,y) — T]dxdy

y

TR S5 o0 125 =
jx[z (x,y)dxdy
7 =

JIIZ (x,y)dxdy

ﬂy[z (x,y)dady
ﬂlz (x,y)dxdy

FE A M LB AR I B0 T o R B 00 3 H 3
H5¢ e o {FLIE: I B 20 0058 5 (I R/ R S5 L — 3
SR 5% L e — Mk 23 B 5 5 B AR b i A2 Ak L 15 48
7 ORG BE B A% AU O B O 3 s Y, 73 3
JEBE 07 B s AT AR AR R il 3R 0w 22 A B 6
AT
0= Vx> + y%/f. €))
AR 0 SR A A 18 0 AT AR 4 R G 0 Wi ke R
IR PCAR B A R 0 1, 3R W] O o B AR v, B
REOE N . TR TR R B AR B AR 22 RMS KU/t
A5 0 1) 5 25 B0 R /N AS TR) 1) B qR 25 45 S B IR R
/N RMS A L, A 2 2238 R 22 X3 65
A7 R 5% W] o 33 AT AR 405 42 A0 5T 0 D't 5 K /N R B 8 R
25 Z AN DG FR ) HE AR 25 R A7 A 1 B 1) 2 /5 T
O BB L B2 = R AR

y

3 B0 (R T XA AR 1 BE 5 e R 0 B
3.1 REBGEMBRREMBEEXEENZNE

PG 2 B A R ER 22 A0 U O Sl O 1)
X FR A3 A AR 22 OG5 43 A 2 0 B GRS R
JoT Uo7 A SR A T Tl s Ok Al AR O 25 A AT ]
S | AN Wi A TS O 0 B A DGR, 51 O BETR
B AU B 2 Ry R X B A 22 ik S 1R 25 23 5P i ok
BRE 018 J5T o 7 5 A8 A 25 v 9T A5 6 B 7 A 4 A A
22 [A] IS, T BB 23 6F J0T 0 7 FE 1) M 5 B 7 A S
PR I 43 T 4 A A 22 B R 43 A 5 22 AR X 5
O GHR FE RN 5 SR B AR 22 AT 4 T 43T

XM TR 2 m, HEE K/ 10 mm, P
KN 974 nm ({5 ARG 7 H T AAF AR B 25 (0
A F R A 221 00 . 7E I — b i, A — R
R 25 RMS fH — 22 B, #B T DL 55015 21 8 A 4R
25 ZH0 O R L S 20015 22 R B RRR
A(2) (1) (5) 2l AT A4S 245 1 A58 43 A5 15 L » 4R
PG A3 A R FH (6) ~ () R i+ &I 2, vl LA
B 0 B AR () SOR B R 22 . B 1 45
TR SR mMEN X R, B 1L TUE S
TSk JIT 35 ST D AR AR g 25 AR AS) D8 AR 22 389 O AR IE
Lo 22 1 B AR O 22 o AR R AR AL, = il 4R
WA G R 2E KN R 0,02 prad, B 2 T 45
— g B R 22 T AR AE 0~ 0. 22 AR AL I, i
B AL E H AR EE(E L ] 2(b) 45 ) 1 AE B0 A
BRGSO . SCHROR A 20 dB iE AT A
XA PR O J5 0 YR I R /N B TR TG R T B Y v
fIK. o584 0 dB i, FEBA A XS 658 1, AT T Ao
PR . RFX R RS T S2 i RE RT3

Bl 2 RMS 1155 il 26 78 ok F 15 22 RMS
AP EMOLERIEH Y NE 2 AT LE H Y

51 —tilt (centroid and weighted centroid method)
—=— coma (centroid method)
_g 4l — coma (weighted centroid method)
2
H gl
=
<
=1
22t
z
=]
iy
0 1 1 I
0 0.05 0.10 0.15 0.20
RMS/A

B1 5 (45 22 RO K A 25 1 56 &
Fig. 1 Relationship between monochromatic aberration

and acquisition error

1005004-3



5 5
NE e,
L Z—— ; ]
-5 -5
—=—sphere —=— sphere
m -10 — defocus -10 | — defocus
g _15 g COINA % _15 | e COINA
> - astigmatism N - astigmatism
B 20 —etilt T 20 —etilt
g _95 —e— RMS calculation § _95 —e— RMS calculation
=
~ =30 \ =30t
-35 -35
-40 . - . -40 . L .
0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20
RMS /A RMS /A

2 BOREFMAERBEBOLRM KR, (0 SGRAME; (b FofE
Fig. 2 Relationship between monochromatic aberration and receive intensity on focal plane. (a) Gauss image position;

(b) centroid position

1.2
(b)
-10 ¢ Lot
8-20 £08!
2 E
730 20,6
= g
S-40 | 4 T 0.4
2 — fsrus™ /R
—50 ¥ £,6=0.051 ==, =0.201 02l
o [ =0.10% =8 fi=0.254
- 0 s =0.15% 8= 30,5=0.301 \ \‘ .
0 0.05 010 0.15 0.20 0.25 0.30 0.35 0.40 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
DRMS /A DRMS /A
0 === — Jsrus=0 (©)

=== Jsrus=0-054

" . ngMS:O.IOA
-10 o Soqys=0-154
% -20 F 2
B o >
e L =
g g
Z 40 |
501 = o _0.304
-60 1 I 1 . L -60 1 ) . ) n
0 005 010 015 020 025 030 0 005 010 015 020 025 030
ARMS /A CRMS /A
0 0
=0
o0 ©
-10¢ —_— meﬁ:O.l A 10

Sipns=0-151

SRMS'

Intensity /dB
do
(=)

== Jsrus=0-052
—— fons=0-104
—— forus=0-154
50 L = forus=0-204
— fps=0-254
=B fps=0-301

Intensity /dB
o
(==}

\

015 020 025 030 0 0.05 010 015 020 025 0.30
ARMS /A CRMS /A

0 005 010
Bl 3 AR Z A B OEIRAME G R . (0 BEERIERE; (b) BAERMARAE: (o BREAGHG (O REMEE;
(e) BEMBGH (D WA A 2=
Fig. 3 Centroid intensity compensation between different aberrations. (a) Defocus and sphere; (b) defocus and image

position; (c) sphere and astigmatism; (d) sphere and coma; (e) defocus and astigmatism; () tilt and coma

1005004-4



VSR N

18 22 %08 AR A6 BT B9 5 1 43 AT

RMS {H/NF 0. 14 i, 25 Bl ) 9 (045 22 1 & 17 &
AL EEOOE L D' 5 BE R R B AR A [ 5 24 RMIS fER
T 0. 12 B 5 2% B8 45 25 X Ol 98 R R BN — B
DU« R0 R B /MR U BURE L 85 £ VBR 22 IR HL B
72 o B 22 R B Wi B A A IR [ P AR ME 20 1 5
TEP AR 22 RMS g 0. 22 W 50} I A 114 Ol 558 BE 1
O —38. 2 dB. B 22 i M e sk B R By —28. 5 dB,
HIZE3E 10 dB, B 2(b) H ] DLE 78 50 &
b BRZE R E TR R OG0 BT [ B AT e ek
AR o T PR S 3k A ki o AR 1% 2 AN 2 AU S BRE AR i
(2L JCCATS AE i 45 6 B 5 T AR O 22 ) A7
(B ESRATS A 1, AN 2 i BB T 56 R R B X
Jee U MR 72 ) AN 2 i A5 T T e F) D IR S
AT H O 7 B 5 B e 0T 07 5 R 2 AE T o DO
SR ELLE R TR R R 20 dBL B ME— — FPBE AR E O
DERHR » XRE WU G BE BT C 07 B Y B R 22
3.2 BBREZ BB KEEMMEREENE

BEER

K 3 fE 4 1 ARMS,.DRMS, TRMS,CRMS,
SRMS 73 5l e AR B8 A8 ABURE L B 25 (BR2E IR
% RMS’ ;H\:ﬁé}%u X{]‘m f‘J\RMS ’ f‘DRMS ’ f‘TRMS ’ f‘(TRMS [}
Sorms o VFEREEAN 3.1 35 spoAH ], {H 2 72 AT Ao P ol
B FAMES AR 2 R AAT 5 S 0 B 258 R e
BT 3. LWL ARG S UK A ) 4
OARZEG I W b AT e . NI 3 T
R B AR RS T BR 22 3 ALY B0 O 5 TR R AR AR
AR IR A ER 22 HEBOR A AE B0 T & ol DL i 5
FET7 P IR T O BE AR P RE L DR/ IME BETRHOR /DN
B AR RE G W 1 (R W AL B AT S A b B R cdL T
X ER2E HEAT — RE 1AM B AEUR A0 2 ROR W1 A T g
Ml B FIBRIE 2 (6] R A A2 e RAR 22  AMERBICRAR A
WY 5 8 A T OOHR B ARG B O 5 R B R AT —

(14 A0 5 B 2 BR8] A A+ 23 W A o e {5
AR T R M 2 7 2 0 o 5 TR 5 5 T

6
E 4
=
o 27
o
=
@ bews
q 0
'8 _fTRMS_O M"‘“"-‘
5 g | Srors=0-051 \\\
g —o— fopys=0-101
8, i o
= F =V =U.
= S =025 ~
p —E— frpus=0-304
0 005 010 015 020 025 030

CRMS /4

& 4 2 TRk CIRE AR ) 1% 478 380 25 42 56 R
Fig. 4 Acquisition error compensation between tilt

(distortion) and coma
B A4 ] LU 5 22 FEURE A 15 22 28 20 I
ISP i T LA A A R 22+ 24 7 15 2 2R s B
AT LASE LS8 A b 3k iSRG 3R A B YOG Bl
R 2 R L BA 2

4 S

3.1 TR Ok R G R R A
TMA FlF ZE ¥ AR G5 W BT T 293 1% 22 RMS
HB/INTF 0. 0454 R RGE, BT 45 S AR T B 4n
5FE 6 . XM EOV) R 0. 3 MG NI
AR 22 FUsTG O B OH — A4 647 T 13
ZEARE 7 ME 8 FiR

M 6 AT LUE O RGN 22 KN ERE S
P37 (0 1 R S 4R 1 38 K JE A bR 3R 5 110 W 72 A
O RN G M AT T REIE » BT 45 ¥ X F » 5 22 Fl iy
ARLE TR B 43 A A TR TMA R G848 B R
PR R IE O BRI B K. B/ 7 P EROR,

@

(®) R

30_LAYOUT

30_LAYOUT

TUE APR 16 2013

MON APR 15 2013

= O . ZMX = E . ZMX
CONFIGURATION 1 OF 1 CONFIGURATION 1 OF Y4

B 5z ROt R RLe REE. () FEMMK: (b B =K

Fig. 5 Antenna of space laser communication. (a) Cassegrain; (b) TMA

1005004-5



H |

# ot

REMMAR RGO B0 A B L TMA RS K
3500 .k EBE TR ZEAR MR R ST 0 T 3
1 s BETH R S ZE AR R G 1Y e 7 AR TR 22 A JUAT
AR S DRI AT LR AT AR AN | i U 3R A 22 5 2R
Bl 8 73 A ff L » TMA 28 52 W 25 A1 8 224545 A
{ELJE: B A A0 2 38 O w72 72 Al W) Sl b B L A 1] 6
FiR o PRI e PR AE 0" 1L 3 X5 41l 31 I 22 EAT T 58
SAMEIE L AE—0. 37F 0. 3°5 A B R sk 4y it i HL &

(@

=]
[\
LT TS

—— distortion of TMA

Field of view /(°)
(=)

Coma coefficient /4

XS TR A S AE 07~ 0. 3° WL 37 47 4K Ml 22 494 O 3t o e
RF 07~—0. 3" W7, Xt i T W 22 48 R 7 0K
P 8 DR T JBE 20 A 2 K R TS A . MR
JH 3K 368 500 325 AU A ST O 5 5 45 SR AT A5 AU s
TR EE RN Tl TR AR % T ik
IR OEHI 5 B O v A L HORS B T d B i
807730, B g5 R AT DLAR G B 3. 2 9 0 A

45

-0.02

-0.04 + A
coma coefficient of TMA )

----- coma coefficient of Cassegrain

-0.06

-02 -0.1 0 0.1 0.2 0.3
Field of view /(°)

6 RELRGGR. (a) WiAE; (b) #H2z

Fig. 6 Image quality of antenna. (a) Distortion; (b) coma

02} |ef  awmmn distortion of Cassegrain
0 0.1 0.2 0.3
Distortion /%
1.0 TR Nz TS
oo P, (@)
5 091 s
g
= —e—ideal energy received by C: rai
g 0.8 —o—ideal Sm\,lf]yraxio ofCas};cgars;flg .
8 —=—ideal energy received and Strehl ratio of TMA
E 0.7
]
Z 0.6 M..f“"w "‘"-..N“N.‘
A
0.5 ' : : B B
-0.2 -0.1 0 0.1 0.2 0.3
Field of view /(°)
&7 B B G
Fig. 7 Centroid intensity in receive plane
:|_: N
5 2k i

WO 38 {7 BE B AR I 2 2R G0 B U B A R A
FLARss A AUR AL B 2% R G4 & R G0 1 #2100
T SO0 7 B8 RO 3 1) S R 5 T3 O T R UE A AR Bl i
HER M R O BE R i 2 I RE , DG v A 4k
W22, i R Al AAS R L F 4548 . 1 Bk,
TRHL G 2 AR R AR ' 27 R e 422 W T 0 o e
L 18 OG BE AR YR L 1 AR AR 25 1 R 2
RMS KF 0. 12 B, 33 U B BRL €8 45 25 %) S 58 43 7 5%
e 76 22 501 5 2) R 78 FVEAS} RE 08 1 Ol 2 3R e A4 i I
7 A A% LR ST DT 32 A A O 22 L (AN
2 T O G R 5 3) 25 AL i T 0Ok

045 ----- Cassegrain system with centroid method (b) i
| —=—Cassegrain system with weighted centroid metho H
0.40 C: th hted d method H
= TMA system with centroid method in X direction y

< | —— TMA system with weighted centroid method in X direction -
":"g_ 0351 . TMA system with centroid method in ¥ direction s /
= —— TMA system with weighted centroid method in ¥ direction /* /
5030 /

8 0.25
o
$020¢
é 0.15}
010}
0.05 b/
0

. A
0.1 0.2 0.3
Field of view /(°)

R BRI E=

Fig. 8 Acquisition error

50 JSE IS I [R) INF 0 2  R S P A5 s T i A2 BEOE R
Wi R AL 51 R AR 225 4) &l vk B 22 | {6
BEER AR IE R B0 AT LUK Al 3R A 25 2R AT A AR
T 3 AR 5 22 6 41l s 22 B9 2 ) 5 5) 3 3L 3 30 % 25
FEALE L RE XL R G0™ A I BR2E AR BIUE JT o
BB T B HE AT AR 4 i AN B DN e BE TR L. X
TMA RGEMR ZEM AR GE o0 B ol DL A5 L
fifp 300 B AL 2 TN 3 B G Al L A A Al 22 T
1713 ELAT At 2 1 2 AR 3l L 5 1) A [ Bl 4 5 2 R /AR
e 221 .

XA E] OGE 1R R g e st fe AR —
FHRAN RS 25 5 22 BEAT A% BEOR L DO B 1R 22 32

1005004-6



VSR N

18 22 %08 AR A6 BT B9 5 1 43 AT

BRESR . HMAR S Mok L b ARG 2 BT
H AN B — TR AR 22 IR PR . TEWE R RS
AR ZE IR $E T S0 (0 ey 22 A0 5 2 AR O B i
AR 22 - M) 8 A b B A5 I 1R 22 B AN Ot BE R
I A IO R RN 42 4 — P R (R 22 1 1R 22
BRI R AR FL A 2 JU PR AT 58 73 32 08 D o R 48
A PERE .

5 F X
1 Jiang Huilin, Tong Shoufeng. The Technology and System of
Space Laser Communication [ M ]. Beijing: National Defense
Industry Press, 2010. 2—5.
Lo g FRPOLEGRASRE[M] dtat: B L
b AL, 20100 2—5.
2 Li Rui, Zhao Hongli, Zeng Dexian.
communication and its key technology[J]. J Applied Optics,
2006, 27(2): 152—154.
45 R RRULR] L RG TE YT s MDMOGE fF R HOCEE R DT A
Y2, 2007, 27(2): 152—154.
K Bohmer, M Gregory, F Heine, et al.. Laser communication

Free-space laser

w

terminals for the European data relay system[ C]. SPIE, 2012,
8246 82460D.

4 Wang Qingquan. Analysis of the Influence of Atmospheric
Turbulence on the Performance of Partially Coherent Laser
Communication[ D]. Xi'an: Xidian University, 2011. 9—21.
TEVE SR AR AR T O AF P AR 32 KA W 52 W i 4x AT (D], 7
. PO TR RS, 20110 9—21.

Ke Xizheng, Song Peng, Pei Guogiang. Research on multi-

o

aperture reception in wireless laser communication [ J]. Acta
Optica Sinica, 2011, 31(12); 1201003.

BRI, R M8, 3R E BR. AR BOLEAE T 2 LR IR R B
FE[T]. %2R, 2011, 31(12): 1201003

Wang Zhou. The Research of Algorithm for Wave-Front

o

Distortion Compensation in Atmospheric Optical Communication
[D]. Wuhan: Huazhong University of Science &. Technology,
2009. 8—32.

E UL RAOGE A e A AN S R A SR LD]. R
B K 2%,2009. 8—32.

Yang Yugiang. Research on the Influence of Wave-Front
Aberrations on Inter-Satellite Laser Link[ D]. Harbin: Harbin
Institute of Technology, 2009. 21—118.

T R BRI R I AR X R TRD O {5 BE B M RE n S DR (D). i
IR s MR Lok R, 2009, 21—118.

M Toyoshima, N Takahashi, T Jono, et al.. Mutual alignment

-

oo

errors due to the variation of wave-front aberrations in a free-
space laser communication link[ J]. Opt Express, 2001, 9(11);
592—602.

J Sun, L Lius M Yun, et al.. Mutual alignment errors due to

©

wave-front aberrations in intersatellite laser communications[ J].
Appl Opt. 2005, 44(23) : 4953—4958.

10 Xu Nan, Liu Liren, Wang Lingyu, et al.. Coherent detection of
position errors in space laser communications[]J]. Acta Optica
Sinica, 2010, 30(2): 347—350.

VB R RISE T 55 8 R AE T O £5 v bR B R 22
HYAR THRMLT ] Jesp 24, 2010, 30(2): 347—350.

11 Liu Hongzhan, Ji Yuefeng, Liu Liren. Effect of aberration on
performance of the bit error rate in an inter-satellite coherent
optical communication receiving system[]J]. Acta Optica Sinica.,
2012, 32(1): 0106002.

PP/ RY 1 (VAN O E =0 P 1Y E R e TR R L e P2 T
PR LT ], JesE2il, 2012, 32(1): 0106002,

12 Chen Jing, Xue Haizhong, Liu Xuewen, et al.. Low-power laser
jamming techniques to free space optical system[]]. Acta Optica
Sinica, 2012, 32(1): 0106005.

B L EENE L XS0, & BABMOLE G RAEFTOLTIER
[JJ. Je2eadie, 2012, 32(1): 0106005,

13 P W Young, L. M Germann, R Nelson. Pointing, acquisition,

and tracking subsystem for space-based laser communications

[C]. SPIE, 1986, 616: 118—128.

EEMRE: TRk

1005004-7



