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Abstract: The earth background radiation and its suppression technologies for satellite-ground laser
communication system were studied. Firstly, a theoretical formula of the power of entrance pupil caused
by earth background radiation at different orbits was derived, and the concept of inherent stray radiation
was put forward and theoretically deduced. Furthermore, theoretical calculations of earth background
radiation for a typical terminal were accomplished, and baffle system designs of different forms were
given. Finally, optical simulation software LightTools was used to simulate the stray radiation of the
terminal with different forms of baffle system at different orbits, and then the curves of stray radiation
affected by orbit altitude and the form of baffle system were obtained and analyzed. This article provides
a theoretical foundation of earth background radiation for the satellite-ground laser communication and a
simulation basis for baffle system of the laser communication terminal on the satellite.

Key words: earth background radiation; satellite-ground communication; stray radiation;

baffle system; LightTools

Weis B 1. 2013-11-14; 1&iT H#.2013-12-15

ELTWA . HK A K54 (10904026) ; 2 V14 1 4 J5 3 4 (LBH-210140)

EE B 52/ (1990-), %, Wb EZ NG \DE i 5 B 5 A BF5E . Email:springxqc@163.com

SUmE A JH B (1956-), U5, #0081k A 0, B A s )l AR B R T B R s T 4 R O B A B 4 B R A O TE T
Email:ypzhou@hit.edu.cn



% 78 FAAF . ERBABEPREAT ZTRHWIHFA 2301
A S ROV e ok 2 T 090 ' S S L S ML
0 35 5§
= M(N)=— (2)
Ale =1)

TR OG5 = LLBOE AR 85 B R TE TR ]
alg A2l A R A A G B R M 5 A S 1 e Y £ O X
BT AR PR TE TR U A R, W AR
5 k% A T A U IS 0T 1 U AR A RO
AR P, B b O T A 2 i A 3 A I R X v T
G R M Bk B9 5 548 T (R E AR R A B i R IR
B S 0 M ok S AT 114 A T PR R B ) 5 Ol SROKs [ I
HEARGEARIN %, 3 AR G0 B RS T 0 15 (5 R 1L
S5 T BE B e AR v ) B EORS BERIAE R L, ke
A5 BT, 262523 B BR T 54 ST R 7 A ILBE JF
FEHAM N HA

2 H AT Ak, 7R WO AR G, B R R R 3 A
FE T AE LA AU T BRI &0 T 3 3K 5 I R XS
{7 5% B A 2 e 1, JBR 57 SR ] L S5 SR TR I 22 7%
5 T [ 07 U5 AR T S50 A 0 R T EL AN X s Ja]
e RGO R G BT R AR, A
B R 2 R SRS ENS S, LR WERE
O FR G X R 2 S 2 BRI A

SCH A ) v SR A R O O B AR, XA
[l B b A 3 Bk T 5 R A R SRR [ A 2 A
SR BRI A AT HE R o SRR O O IE £ R T
R-C Z 4ty il S RV 38 5 R Je it Tt R 48,
I+ HH LightTools %X JL A it 7Y i) 138 47 2% B
R, o BT A G DG R SR Bk R S e
HAE T by 52 B A2 b 2 S 14 3 D' AR R T B AR A

1 ELARmMMKERBHERES

1B OGS, R B &R I R R IRAR
Xof oMb ER OB MR T SR S SR 0 2 HOE K BE S
SOUAHE AR b 2 () H I 2%, % o Bk T
SR T BB ALEE LU W

(1) HbBR B & 09655 B EE B0

(2) HbBK S5 B K BH O3 48 B EE B (M) o

D] st 7 2 i B0 30 A 1 5 N i A R R

E(M)=E(M)+E,' (M) (1)

1.1 B SHRILEERE EWN)

FESCH BT R, b ER A SR A S R R B R
T,=293 K, ‘& 11 3 If 5 5 38 <7 I 3 Hh 3 B0 e 2R

K o I —48 R 0, 3.741 8x10° W - um* - m™2;
Cy N TR SR KL, 1.438 810" um - KA N UK,
FH HE i < 1H 2 R A .
M.(A)-dmr. =E,(\) - Aw(r+h,)? (3)
D) 4t 3K H B TR T 2 b Y e R EL(A) O

Te
ro+h, )

K r, HWHIEREAR 29 6 400 km ; b, 2 1 2835 T 4b
1) B
1.2 Bk R ST KFEXIEEEBE E/(A)

B2 ab TR — o, R ] 0 ek 1
SRR SN L S sk A B R G, 8 A4 M R S Y
PN ERE I

55 3 BRI S O S, B B O i A S
S M(N)H

E(0)=M.V)- |

MN)=— (5)

¢, /T,

el 1)
Ko, e, A 5L ME T, 9K FH 555 8K
L 29 5762 K,

SCHP b BR X A BH FR ST 0 R S T s R )
B2 S5, H I A T B M BR B S R BH 4R B T R
BR MR RO R Ok b P

2 W A BH 5 B AE K BH S M BR K2R T O 0 55
KAZ) WAL B FE , i B8 & ~F 1 e 3 .

M,(\)-4air =E,(A) - 4w (1AU) (©6)
o E(N) R K BH 7E HBR KR E S B OGI GR R
ry R 2B AR Tx10°km ; 1AU iy M ER 5 K BH A4 S 24
HE 3,29 % 1.5%10°km™,
M ER R 51 5, K PH B 63 4R O R M (D)
M, (M)=E(A)*R.()) (7)
A RN A L ER X K PH 5 5 09 0835 = 4%

) b Bk 2 B 0% K BH 4 5 AF B D 2 BT Ab YO

AR R ES (VDR .

E'W=MMRON| 12t | ®

1AU(r+h,)
1.3 NEXIEEHIE & 5EE R EEH Do
1.3.1 ANmERERHTE @,

B 5 L ER T SR A A B 1 A A B % 4 R



2302 L oh 5ok T A2

% 43 %

E(N)JG, AT DL H T 200 55 Bk S O A B b 2 i
VN N DETE TR

QFJHM&dA (9)

b S, o ARETIR .

A1 WA 3K (9) 19 B 43 R A 8 A S 15 i L, D)7 3]
HhBR T SR A B AL A R TR A OB 4 B R 4R
WU 25 149 ' 3 e 7 S BB, DA B 2 0 1 A A
il Dy 25, DAL Ay B e 32 O 1 S B A A PR D
5, R N S N JE TSR R
1.3.2 BA &#585 D

E DAL S M I ol 5 B, 2 I 2R A 2 X E M
TS, 2 v A0 3 P A A S 4 O o R A0 DO
T AR 2%, a0 B 1 o o A3 A i b sk AR O e
T A R G T AT O T B A I I
A1 1) 1l 2R 5 S N A L B2 A A A 38 % T R AR S

FH T O 38 15 2 i 19 W0 3 — M 7 22 I B o 9%, i
Hb Bk X 28 35 (0 5K £ R JURERL T, B LRI IA R 7E
A B, 28 0 B4 A 3 P R T T Bk T A A
Oy O LA % B A, R Do TR

Optical antenna

Internal
optical :ﬂ]

system
4 Detector

------ Earth background radiation
Incident radiation directly

P 1 Ml R S R A Y L T

Fig.1 Mechanism of incident earth background radiation directly

P 2 oo O i BRO 2  1 5K A 5 o A S 7 4
S E PUIE Ab (R UJZ AN ) O 1 AR B e
LX), H 5 5 58 B2 1 5 LA

E(\)-dS= J L(A)-dSdQ (10)

0
A E(N) 3 Bk S 7 2 L T8 A B 8O 1 R R
JE 5 dS Oy 2 S BUAE AR B4 /N TG 5 0 D M ER R 25 i
JIT 5 B ST AR F 5 o Ry RO 28 3 4 5K A
W Dy, 1T HTF B AE

(I)Derect= ﬂ T()\)L(/\)S() * dﬂl M d/\=

A0

sin*(w/2) | 4 _
J EMTDS, sin®(a/2) dr=

: QU ) Ru( ,\)} - T(AV)Ssin¥(w/2)-dA(11)
A TN R GG E 5 5 5 5 QF Sk 2 i 1) ST AR
Y s 0 % o M3 f 5 HORR 43 R R 3 A4S D3 3 [

A i 5 — W3Rk 0 15 . A 24 B
SRPASC 55 R BH R by 35K 1 O 3 S SR L b R Ol %
RAFR R B AU AR S OE S R WM
TG [ T AR LA K T A A E B (OR PH 2 4R R H |l R
B &S HUIE & JC e, Ho U BR 1 O 0 G
5 b 1 2 v T ALk %) b BT AR R O

B3R 3BT AT T 2 R S R, e s
R A B A [ AT SR ), RO /N T — 1AL

J [Me()\)+MS()\)(

2 EWEHIHEEAR

2.1 ZEEHERER

i A S DN — 1 THT A% B 3 g — A TH 0 R R A
AR KGR,

d¢=BRDF-d¢,-d(), (12)

s dop, 12 366 ) BT 22 05 TET 1 6 S A 5 d b, R IR
AT A9 S5 e S i 5 A, Sk TR TGS 42 A T ) 4% R ST
&, L FR JL AT 44 4% X 7 GCF; BRDF “h I I #4 8} 9
X Ja] S5 53 A AL, 58 SCOR R T A R G Y R
SN LS5 A GRS R 4R BRE E (A

AT LLE H, 0GR R G 8 WU S RE AL
=AERM,

(1) A Z A0 59 0 5 559

(2) BREGEE S 51 3% 3R G5 1) 5 Rl AL A S 48 55 ) 2% T
(1 1 5 7 BRDF 5

(3) JLAT# i I 7 GCF, BAVAYEL R 5 & 4t 4%
P RN R F 25 (AL 466 o0 s 4 35 Y6 55 % B2 IR Aoz
B, S 5 AN AS T

3R 5 4 G AR ) = AR AT —
% #4153 35 R G RN A 0 2% R ST e o
M S W, X jE] B 3 A & %0 BRDF sk A i) g N
ZM do, AEFMEE, REERE DI ERAE,
B2 UK B F GCF i 2% | B0k 4 2% U4 4 1 1%
i iR AR AL PE R B4 A G Ze B S RE oA |



% 78

FAAF . ERBABEPREAT ZTRHWIHFA 2303

=% ARG (L% T LUE X — R
THT ) ) 2% %R G Hh G R i O

Ry 35 B G 2 R G 2% U 9 4% 3 B R SR
A9 H A, AT DR ERL R k2,

(1) B/ A S 2 WO S S B B 0 b — G
PR S U TR A M S I O

(2) R R Bk B W Ak Ak 38 (e n o 7 W iR 2
Bl R Ak XoF 2% TR S 0 WU R 5 A S S B O R X
Z BRI TR U R B O 95%), A B k3 T Y
BRDF £ 75 [a] (1 43 A {EL U /s | A B T 2 806 19 3 1

(3) B/ )N 2 5 S e i g — A% 3 B L AWT A g A
F GCF BTG 58, FH DAGHE 4 2% OG0 15 g 42
2.2 ZEEESHIE AL

MR b — /N5 B BT, 1% KA 2
DG 38 17 f T B L 00 a2 B S Y Tk
221 MAEAE

H T AR R — 30 43 2% Bl ) 2 38 ok 2 IO HE A
PRI A5 0, 97 AT DA 2o [ A0S 80 S5 ThT %) ST 38 A T
WD 2R BUR S . RN I RO R G B RN
RUHE N, 3 SR O JL A b RL AT 2% 1H PR Ab B DL 3
KT W AL & DT ik /N2 3K (12) H ) BRDF,
2020 FAEREE R

H B b 28 o A T A I8k B3 R X % U ) ) iz
B AR AE T LA AR S AS AT o] 15 it , 2 AHR 0 25 G 24
PR G %) Ik B A 2 1 e 1 B, X A A% R
S EA BRI A E IS0 08O R R TR I
B0 2 WO S AT IR, A A RO A Y o o i B B
g B b 28t 1 AR B B (TR SCb 2 A IR R Al 9
P& A 10nm),
2.2.3 #EHFEZIT

Hy b3 43 i) i s/ A 2 (12) T Y BRDF,
A DL KA kN Z% TR 9 . i s/ BRDF 9 A 2307
PRy B =Ry | BT B Ui S W B ok & &2 L
F— G B PR, OB | T O G A% i
) FR I A T Y AR R

B2 ot R FEAR REOLE | Rk
BRAE TR G G B ) 2 3 O B T 4y o — R R 4, &
K HE Y G B o O RS

XS R RC RGEME NG R0 A 4,
B R g, HIMEREEH E RC OGS R h
YR HE T T ' R O B b RO B 2 BR

PR Bl R AR 48, A T UG I — 2 Ok 1 o BT AR
HARRER MG N GIL, ek 2 &l B 1L
T N LR I 0 o2k,

Primary
tapered baffle

Secondary
tapered baffle

1 E—
Main baffle
Pl 2 2 O 50 3 Bk R I D BB R B A
Fig.2 Design of the main baffle and the primary and secondary
tapered baffles

ERAELEOLE A Rt 1 215, WK
WA 5 MR R 2 2 2 F 5 R R 4k s
Moo WEHETZ DL A B RO 2 ALK 1 & F
B AR AL i FMDC R i S C It i AB
AR LS AME R B SE A,

3 BEMESERST

MRS — e A 2 B S R BOR %R
PG = B0 7 2 0 — A S A B b 2 S 0 AT 4 K 2% AR
S Bt R AT 05 H A
3.1 HEME

B — A Y B 2 i e v T Ot AR ST (A
ol B M 3 U B HE TR G DI B ) O R R T AR O
e, X ARG 2 R T kAT R AL BRI A8 O A 4 B
LightTools H A1, 747 A% FC4R G 07 50090, 181 3 FEL 4

[# 3 LightTools " i Yt 5 4t Y ] i 15 78
Fig.3 Section plan of the baffle system in LightTools



2304

L oh 5ok T A2 % 43 5

43 311 LightTools H il Y 2 5 1t 3] i 442 750 il 4 / 2 A - Nobaffle
55 1) 2R HE &) L A .
GE R LRAE IR B 7.43E-5

o

o

§ 7.41E-5f

2 \._.\

£ 7.39E-5} —

_
7'37]5'50 10600 20600 30600 40600
Hight/km

[§] 4 LightTools H % A~ 3 4t i) £k HE & K5 7

Fig.4 Wireframe model of the entire system in LightTools

X R b, JLERIN A 0 5t G e N
400 ~1 200 nm, Jf- B Bk X} 12 71 BB % B A0 R 5 R Ry
b BR G A BH %8 5 04 °F- 34 5 5 % 3091, 2 i v A A DR
IR 38 G R B (R AL I 2 19 38O 15 B i 800 nmt
5nm, 235 142 100mm , #3% /4 5mrad .

B A3 3 2 2R G 1 i AT 3G ThT B 4 a0E A BRI 2
14 ' 1 B Sy 2% it 1) 3 ' 3 B, T E 2k 22 Uk R A L S s
G HICIT TR 2 0E A TN g 1 16 % BE SRy 440 25 o 9 ' %
B, I ELBREH I 45 % A [ 3 1 9 5 135 el B — B

FE UL B S A Al R 2 2 (9) 3K 15 M Bk i
S R I RO TR T AL R ) S R 5 TR
FI A ) SR A5 AL 1 2 oy 1) [ A5 4 BICHR 5 2 o oy
1.5374E-07 W,

10r —=—400-1200 nm

g

B

a [

o 1—\

g N

g '\

= .

o \.

s 0.1t ~——

i '\.

o

3

(=]

-9

001 1 i 1 I
0 10000 20000 30000 40000
Hight/km

P 5 A [l B e B2 A B A T D) AR

Fig.5 Entrance pupil power at different orbital altitudes

i & AT %0, 78 400~1 200 nm 3% BE 3 R, 28 55 18 A
] 0L 3 v B A B S TR A ) R, A IR de R (E
2.19 W(HLIE & B2 S ) % 1 T BE 3] 50.3 mW (b 2k [7]
CZECI RN =D

Bl6 MEAENRENFN T, Luhid T AR
TH R R IS b 3K T S S T A 2 R S R

P 6 0 I O 55 I AN [ 03 Ak g 2 e O

Fig.6 Stray radiation at different orbits without baffle

K7 o HUA EHOE SR (— HHEOE R H LT,
2yt b T AN [R) I T v R B BR T R A G 3 AR 2% R
LER Rk

1.027E-51

—=—Main baffle
= 1.022E-5'\.
3 \
o
>
3 1.017E-5} T
il
h
S 1.012E-5¢ \'\
1.007E-5, 10000 20000 30000 40000
Hight/km

P 7 A 2 JE I B I A T LT b Y i e A

Fig.7 Stray radiation at different orbits with the main baffle
P 8 g 7 32 38 ' B 32 B HE JE O B (— G
TR RSSO, A ab TR W) B e
b TR 57 A G 3 AR ) A FORR B R

2.05E-71

o

—s—Main+primary+secondary baffles

Power received/W

1.85E-7} e

1.75E-7} \\

1.65E-75 10000 20000 30000 40000
Hight/km

P 8 A7 2= I Ol LA 32 B HE R G O B I AR [ B T A A S B ST
Fig.8 Stray radiation at different orbits with the main baffle and

the primary and secondary tapered baffles
0 Oy 7R 3 O BEOR E B5 AE E GOk B AY I 0

T, P Ak TS [ B R R I R R A G T Y
7% BRI D %



FAAF . ERBABEPREAT ZTRHWIHFA 2305

% 78

3.5E-7 , —=—Main+primary baffle
E 3.2E-7t \
b=}
o
>
'® 2.9E-7
Q
2
)
E 2.6E- B
8 2.6E-7 \. .

\.
—_
2'3}3-70 10000 20000 30000 40000
Hight/km

P9 A 3 I G BRI 32 B 4 OB 0 O B I AN [R] 9 b A i e A
Fig.9 Stray radiation at different orbits with the main baffle and

the primary tapered baffle

P10 S 7 =5 I 't 55 RN O HE TR G ' B A9 1 O
&, Sk Ak T AN [R] U R I R SR R S R
TR IR

3.7E-Tr

~— S

3.5E-7} \

3.3E-7} \

3.1E-7} \.
—=—Main+secondary baffles \

0 10000 20000 30600 40000
Hight/km

Power received/W

2.9E-7

PRl 10 A 2 3 O B8R B HE T G DG B I O (R T AL Y 2% IR S
Fig.10 Stray radiation at different orbits with the main baffle and

the secondary tapered baffles

B 11 2 BA A [RE 3L 2 58 00 28 i b T AN (]
AU G R N e B A S O ) A B S TR A
F1: “No baffles”fCR BA ML, “M"UE DL,
PR EBHIZEOLE SR B HIE HOL .,

1E-4r — 1000 km
5000 km

10000 km
15000 km
-20000 km
25000 km
<+230000 km
35786 km

._.
o
W

Power received/W
t
N

1E_7 1 1 1
No baffle M M+S M+P
Different baffles

M+P+S

P11 R [l 8 300 5t R G878 A ) L3852 1Y 2% B A
Fig.11 Stray radiation at different orbits with different form

of baffle system

3.2 RO

i & 6~10 FTAT, 436 R G808 e ) Bl
B WGE = T, PR R A Ze R S T R R R L2
TR AR A R A TR A RN R

P& 6 BT, A O R G M ER T S
BB 2R G 24 B B R 10mW B9, i K 7 ]
L, B 3 O B (— O RS S, X —E /N #
2y 1/7, WE 8~10 AT %1, T K 340 3= vk BT HE TR G O
H(CYEEOE RGBT 2 — 5, 24U S ) R R
100 WW 2%, AHXT A 6 RGERE T BT WA SR
G, BT S B0 S T R B T — 1A,

I 11 AT, Y R G 0 S 8080 08 5, 24 3 4 b Bk
T 5 S 40 T BE 7 32 2% g 1 BT R R R SN I
B3O 2R GE e AR B T Y AR, B R 5
(0 SR TTA5 B 22 | % 18O S 1 400 1 68 0 B

4 & it

S b 2 v 1) [ AT 2% AR S5 KB A M Bk Y D
T AR IR T ST B M B A O T R S AR R b 2 g Y B A
SR O B R G A A [ T AR LK A S
AHBCOR FR2E AR A H b B8 A 6, T 5 B0 &
ToK o Horh HuBR i) 6 1 B S AR A5 T2 i i Ak 4 M
BT SR AT G T 2% O S RO R I, BE G 2 U B
IR ARG 3] 2 30 [ A 2% B 3, T AN BE /DN T IX — 1L

SCHR BT B 28 g vh 25 AT AT AT JE DG I I
BRSO R GE AR HURR S R O 10 mW B
VeI A O ARG, AT LU 2 B O S AR B
T A 22 BOL TR RSB E Ja |, 2 X H
BROE S A G A 40 ) BE T 2 BLIE RS R AN, e
LRGSR T REMERER, H#DOERS
(9 9 BB T 138 2 | 2% IR S 400 7 F) RE 0 BaE

S E K

[1] Mecherle G S, Horstein M. Comparison of radio frequency
and optical architectures for deep-space communications via
a relay satellite[ C]//SPIE, 1994, 2123: 36-53.

[2] Nilsson. Fundamental limits and possibilities for future
telecommunication [J]. IEEE Communications Magazine,
2001, 39(5): 164-167.

[3] Leeb Walter R. Degradation of signal to noise ratio in

optical free space data links due to background illumination



2306

Lok A2

% 43 %

(4]

(5]

(6]

(71

(8]

[J]. Applied Optics, 1989, 28(15): 3443-3449.
Mohammad-Ali Khalighi, Fang Xu, Yacine Jaafar, et al.
Double-laser differential signaling for reducing the effect of
background radiation in free-space optical systems [J].
Optical Communication, 2011, 3(2): 145-154.
Prescott R. Cassegrain baffle design [J]. Applied Optics,
1968, 7: 479-481.

Zhong Xing, Zhang Lei, Jin Guang. Stray light removing of
reflective optical system[J]. Infrared and Laser Engineering,
2008, 37(2): 316—318. (in Chinese)

%, skE, GOt ROt REAREOLMIN R (1], £05
5 #OE TR, 2008, 37(2): 316-318.

Deng Chao. Analysis on stray light elimination for space
solar telescope [J]. Infrared and Laser Engineering, 2010,
39(4): 715-720. (in Chinese)

XS s ) Ok BH B O 2R O B (J]. 404 5O T
T, 2010, 39(4): 715-720.

Che Nianzeng, Yan Dayuan. Radiometry and Photometry
[M]. Beijing: Beijing Institute of Technology Press, 1990.
(in Chinese)

Bt ER . B R A RDL B A (M. de st Jb st BT
K22 AL, 1990.

(9]

[10]

[11]

[12]

[13]

[14]

Wu Zongfan, Liu Meilin, Zhang Shaoju, et al. Infrared and
Shimmer Technology [M]. Beijing: Defense Industry Press,
1998. (in Chinese)

S, WISk, sk, AL LA S ROBE AR M. Jbat:
[ By Tl iR AL, 1998.

Jiang Yuesong. Photovoltaic Technology and Experiment[M].
Beijing: Beijing Institute of Technology Press, 2002. (in
Chinese)

AR, G HOR 5508 [M]. dbat: b 50 3T R 2% 1 IR
#, 2002.
Zhang Yimo. Applied Optics [M]. Beijing: Machinery
Industry Press, 1982. (in Chinese)

SR LU G (M. JE AT HLAK Tl A, 1982,
Robert P Breault. Problems and techniques in stray radiation
suppression[C]//SPIE, 1977, 107: 1-2.

Gary L Peterson. Stray light calculation methods with optical
ray trace software[C]//SPIE, 1999, 3780: 132—-137.

Yao Lianxing, Chou Weili, Wang Fuheng. Optical
Characteristics of The Target and The Environment [M].
Beijing: China Aerospace Publishing House, 1995. (in Chinese)
WeiE e, AL, EARAE. B bR RS R OEE R E (M. b

B E R AL, 1995.



