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Simulation of orbit characteristic between GEO and

LEQO laser communication
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Abstract: In order to optimize the performance of GEO and LEO laser communication system, the
simulation model of satellite communication orbit characteristic was established. The simulation model was
designed. Through analysis of satellite data within one year, the range of Doppler frequency shift of
satellite communication terminal is +5x10°Hz, Doppler frequency shift compensation method can be used
to reduce the influence of Doppler frequency shift between GEO and LEO. For coherent communication,
frequency shift must be compensated by terminal. The range of point-ahead was larger than laser beam
divergence angle, so the lead angle should be compensated by terminal, in order to reduce the influence
of relative velocity on laser communication; the laser communication system need amend early according
to point-ahead of LOS, the sun interference and earth occlusion have a longer time, satellite network

should be carried out to improve the available probability, in the communication process the work flow of

s B #A.2015-12-12; 1817 H #1.2016-01-11

E £ H . H%K A KRR R4 (91338116)

EEE N ARERA977-), L, YR 1A FE N FHOGEF b RSB RE B 5T KA 1Y% . Email:xcf@cust.edu.cn

SImE A . 2 2hR(1945-), 5, AR TR BE B+, B, E 2N Ob R BRSO SR R O (5 B S T RS
Email:HLJiang@cust.edu.cn

BIAES  F(1978-), B BB 10+, ZENE NG A | ER AL B 45 5 | (W5, Email:hancheng@cust.edu.cn

0822008-1



bk A2

% 8 2

www.irla.cn

% 45 %

the two communication terminals was optimized based on the communication terminal time; LOS

changing situation of GEO and LEO terminal was different, so different structures of the satellite should

be designed.
Key words: GEO and LEO laser communication;

available probability

0 5] §

PREBOGEGWE I — R = REEFERE AR,
HA B R GG A RO, 2 1 2 AR
FELXHE B SERHE R T R R R AR TR
FEI AR AR R B 8t , R T & R
T O A AR A s ) AR
S, BRI IE A5 5% AR 0 AR AR B A B 1
TEBERS, ISR M — PR b 8 5 e Y 15 9 265 1)
CHE , FLA T 28 U RN AR A 7E TR OGS
(A B 6 v L ) e VRO 15 % 2 T TR R
ke TRt — A Ak 8 3 ST ' 3 A ) 26 v i) 2
53 o B 1 B ) 5 P A4 - W] 2D 11 (Geosynchronous
Earth Orbits, GEO) T2 5{KX#L (Low Earth Orbits,
LEO) T A& [8]%%#% GEO TLA 5 GEO 1A [a] #f H# |
LEO T A2 LEO T2 [mEEE , P RS K5
P, o T AT R, O A S B A R
i £ A 2 b TRty SR Jd R 4k TR A i ) e T
K1 GEO 5 LEO W% 38 {5 #E #1521 1 4 B 19 ¢
. LEO B M A TGl E R mz 8 7)) 2 m)
VRSB, 35 WO SR T — R 548 (A
WOCHEAFIRES, 5REMHAREEFHLL, BN
X TR G A SR AR, IR Z S A AR AL
F#IF e T T ADGEAE R AR, JFS T —%
4 1

B TR EEOGEFER AR LR, BN EE
7£ LEO LA 5 GEO T2 5 H i [A] G (51 A
WO 5 2ot 15 6 R o AR BR R I R R ™ K b —
PR ARAR B D0 246 AR 181 RIS 4 S5 5% ey 1O 48y T MRS
T BRI R (HJE X TR AR R L E TR
BT E , —RGEHER AL T LIE , i T Bk 4 A
LT AR A PR, VR TR 5 b T vl %) AT A I 1]
FILGreh, IR R TR BB A R RER R,

Doppler frequency shift;

point-ahead;

LEO 5 b T 3 B ] 38 {5 I [ A 20, % R 14 1
Hodls , Afigilid GEO "h a4k DR LB M b . itk
A1, LEO 5 GEO [a] BY#OLIE (5 78 2 MHOLE (5 &
Girh A o EERMA, SCHE X LEO 5 GEO
W AEEERS , b T 28 R BT KRBT
BRIEPS O, JFEEER 45 1 LEO 5 GEO #0t
AR B AT E

1 BipHEE

i 7 AE T 43 GEO 5 LEO By % 7 4k , i%
GEO LR A R, A TE ¢ W20 B0 B (X Var s 2)
TR L Vs Vs V) 78 ,LEO TR H] B R,
B 1t t W Z0 AL E T (X Yo, 2) R BE ] (Ve Vi,
Vi) 2o, HUER T O Fom , KB S 32K, S 78 1 B 21
3% B 17 T O v ) 875 o AE £ F 20, [ AR
A0 \BO \AS BS ul AR (HFm,

AB =(X— X, Yo Yar» Z—Zar) =Kot Yate» Zan)
AO ==Xy =Vatr ~2a)=Fon s Vaor » Zar)
BO =(=Xu, =Yir, ~20)=Xout s Vi » Zowr) (1)

K=(xxr_xur s Vst~ Va5 Z.\'r_zal)=(-xmt s Yast 5 Zu.\'r)

ﬁz(xx,—xh, s Y=Yt s Za—Zo)=(Xbut s Voot » Zot)
1.1 SELEHMBHERD

%I GEO 5 LEO [HBOGEF R UL, N T #1775
BG4 K ZBFR G0 R A T B A5 HOR | 13X %4 22
(YRS BE PR HY T B SR 1T TR JR] A A
FE oy rE 28 RS | IR L, 25 RS s T | AR AR A
ZEAE B ARAL , 52 AH T R, S m R R Sk, X 2
WAL ) A3 AT 2 T o R X TS RHOGIE AR,
R it A AH B B 5 | RS GBI AR AL, R
G (4 2 RS BOGIRTEY I ) b DL v 18
3y, WOEH M EAE I 10 5vIe il 6, XHIREEH T,
S 28 AL gl AR @) E R, A, B=vie,

0822008-2



bk A2

% 8 2

www.irla.cn

% 45 %

¢ OGHE f AHOEH) B, FE R B A IS
FR (11148 H i) 228 8 B M2 51, ml BABk 2D GEO
5 LEO Z[H] 1 2 3% iR 52

[ V1-p
af= 1—cosh L 2)

X} F GEO 5 LEO [RIJGH {5 Rg, WAE t i
%\, [ A0 MIBO M) 1 R o, IS4 AT 1A R (3),
Hr oe[0,m],A Fl B BAHXTEEE AT A () FRoR
T i (1) & £ O

2 2 2
COSO—I:(xaorxbot-'-yaotybot-'-Zautzbot)/ V x,m; +yaot +Z[1()t X

2 2 2
‘xbar +yh(1t +Zb(1r (3)

va,,,=\/vi,+vi_,+vi, _\/V;"'VZ:"'V; cos(m—o) (4)

A 5 B DGEAER G 7 ) R 1 K AB 1 7 1),

16  BE %) ) A 5 8k 10 BEAO 199 1k o, T8 47T

ARG, Hb ¢ e, w/2), M A5 6=m/2-¢,, H

H 0, MAE ¢ B Z DGk B A% R T ] 5 TR A X R
JEM I,

/2 2 2
Ccos d)t: (-xabfxuat+yahryuat+ZuhrZanr)/ 'xabt +yab, +Zabt X

)

w=t+At

3 3 3 3 ;
COSA=(XanXa+YanY abr+ ZamZaan)! \/xubw +Y b Fabw \/‘xuht +Y avr F e

1.3 KBTI EER

ORI TR R T oG AR B, an SR e AR Ak 5 R
BH ] & Fa /N, B2 BH G A F 000 2 v 1 £ e
PR/ 2 IR AR 5 5, KOR$ i i 5 DR
SR ICBGEAF , PRt 2525075 T8RO Ll 0 TP 1
O, IFHEAT AT . S T SRR BHAHEAE A TR O
W2 2(0) 5 16 i AB FIAS 16 ¢ 209 I ffr .
SR B I A /N T I N BEI A, B4l %
S R ] 336 S s (| B A 2 BH e st ] otk 49 18] T
AT HOGRAE
cOS(AB | AS ) =(XurXus+ V) asHZanZes)]

2 2

(Vo442 Vo 4,420 ) (9)

1.4 BRI (7 EAEAY
LEO TEZe 5 MiBk % sl it B vy, E FLSemd ]
LEO 5 GEO Wy {5 M o ekl sy, SEERER

1.2 RATEHFEER

BARCIERE I 2 5 ik 3x10°m/s, (H 430
SR AE AR B B W 5 s AL AL F s, MO & 4
FPDEFRU W T — B R | 25 P s ML AR
— B MM S B, X R T B B & A RO R
IR R, R IR B U7 AR LA iR
SIE Fsf B[] FAF X 32 35, 6 5 R — 2 i L4 ) 12 2%
WA B R 25 SORPRAT I AR . IR A AE ST % AT
R SE s, E R VR T 1) AN RS 0 S A AR R T
2 e T A RIS R 5 R 6 s TR ZE AR A WG AT
B, T AR XA 046 R AR E— A BTl R
P SRR AR A | T BT b P R R A AT A OE &
DU 5 | A 38 15 POt g B 30 2K sl e R R R BO |

WA Eom AL AR X2 Bh 2 s R 25 AV, ZF
P L, O SRR A5 i ) 23R Ar Sy

At=L/c (6)

X}F GEO 5 LEO [H#OG#fE &g, DA
BT DL R R A R OB AL EIR Ar AT
AR ()RR ,ATE  FZIPRETE A o WA(8)
FIT7RN o WOGIE (S 2 50 vl AR 4R $2 H & A XS 0 Ak g1 T
HEIE , LADS /A AH X 38 B X O 38 15 1R 5

A= (X=X V+Von=Yar)*+(Zon—2a)* /€ )

PR (8)
W, 308 {5 2% it ot B TR 1) AR R DA ST A B
PRI, X b R P 15 0 A T A BT A e B, A T
THA R T RS T O (FRE AR O, B e R A
FAA0)ITHE A S BTE t B2 R B RIE L
it bk 55 2 T A, A QD FR R
KAOFIAR AN, Dy, ya, z) Fms , 0E
HiEkE) D (YIS R FHUER AR, sE ek E] D (iE
B/NTHIER I H D RELEL AB b TR 45X i1a]
RIS B A T IO GHEAR , AT A T HOGRE

Xa=Xar = Ya—Ya = Za—Zat (10)
Xabt YV Zabt

Xa(X=X) + Y Yi=Y )+ Zan( 2= 2:)=0 (1)

1.5 T HERSE
23 [ IONGE {7 1 S 78 f) ARATLARG) AT LA 43R P T
SRR MR 2t 4G | v B R 4 ) el A | B A IR 45 4
S BB ARE MR IR MLAL 75 221 S o i AN [ 1) %

0822008-3



bk A2

% 84 www.irla.cn % A5 B
SR T UL R S I RS S 5 4 (d=r3+An) N %) TIAB, R 04 P (5 2
R E T EE N E

B EAB 1E 1 B ZIHAB, %, 1E 2(12=11 +At)
it 20 JHAB, #67% , {F 13 (13=12+Ar) 5} %] I AB, 32755,

—
ABy =Xt 5 Yo » Zaen)
—
ABy =(Xan2, Yare » Zabr2)
—
AB; =(X g3, Vabiz 5 Za3)

—
ABy =Xty Yot » Zaons)

2 GEO 5 LEO s E

i T 43 GEO 5 LEO 06 5 Bis #e ik, 1
Joik B — AR 2 770 M ER A A5 BUGE TR A — Bk
BAE TR (LEO #L3A & & 500 km , HLiE 5 £/ 45°, Tt
ARG OME R x4, SR 5 A B2 5 T
H {1 (Satellite Tool Kit) 2k B2k [7] 20 i T2 ik
B TAMKHM 2015 45 3 A 1 H % 2016 4 2 H
20 H [a] (4 07 & F1 R BEAE S (fF B Y 587 3
1 min), LEO B Az 1777 M Sk A 7% — 2, &5 7E
BB b, % TR 28 A AN AT R . KR PA T
P IR AR A LA T AT
21 ZEEMBGEST

T LEO A4 JE )45, T35 (] ) 22 3 i A 52
P RUJE A g A Ak R BB 2015 4F 3 J1 1 H —
FER MBI T 400, A5 209 80T ) 235 ) i %
WE 1 Fras o DL T AT TR G 2 R 1
AR ARG BBl 2 R £5x10° Hz , 2235 805 R 0 3 B Sl

5%10°
4x10°
3x10°
2x10°
1x10°
0
-1x10°
-2x10°
-3x10°
—-4x10°}
_ )
5><100

(a) GEQ

Doppler frequency shift/Hz

500 1000 1500
Time/min

AL AE AL A 6,0, 0, WA A2) B 7R AR 1 Fl 22
I 22 A0 Al 22 A ) 3 HE 73331 h (0= 00)/ At (05— 0)/ At
*ﬂ%@’f’t E@ﬂﬂﬁgﬁ(eﬁ_z* 9r2+ th)/(At)2o

(12)

COos Btl=(xabﬂxabrz"'yabﬂyabﬁ"'Zabtlzam)/ ( \/xgb;] +ygm] +Zabﬂ vxgbfz +ygb;2 +Zg[)t2 )

3 3 3 3 3 3
€08 Op=X X atrs+Y Y abrs+ ZaperZapes ) ( \/x,,m +Y e T2 \/xgbfg +Y s Tz )

2 2 2 2 2 2
€08 05=(XapsXapua+Y iz air+ ZaniaZamna)  ( \/x abis TV aps TZapis \/x aoit P v FZap )

5%10°
4x10°
3x10°r
2x10°F
1x10°
0
-1x10°
-2x10°
-3x10°
-4x10°
_ )
5><100

[(b) LEO

Doppler frequency shift/Hz

500 1000 1500
Time/min

Kl 1 GEO 5 LEO £ #4557
Fig.1 Doppler frequency shift analysis of GEO and LEO

WP RS | SE MBI T 250 W R o A
7% H A ME D) RE
22 REIEHEDH

DA T 53 A AT, S84 T 6 48 R B AT R
PIARSE A5 - 5 B A 8 A3, il 2 fos . K2
AT, TRLFS 1) B B G AR YE FE 29 S £130 wrad o X
T I TIRRE  RE A , Wh 250 B R A T 4R T o R R

-0.95x10™
-1.00x107*[
-1.05x107*f
-1.10x107*f
—1.15%107*f
-1.20x10™
-1.25x10™ |

-1.30x107*F
(a) GEO
—1.35><10'40

Point-ahead/rad

500 1000 1500
Time/min

0822008-4



bk A2

% 8 A www.irla.cn % 45 %
0'35)(10:4 (b) LEO f??ﬂ%ﬂ@?%f%ﬁiﬁﬁ@(ﬁéT@ 2 }{—CT\E 3 l"J—?\ 5
o SIS 1 h, 283l 20 A BB i)

£ 120x10" 4708 min,,
g 115x10” R T AR R BH B 2 i A s ] R LEO #LiE
g 25 32 433049 400 k600 km (800 km , U3 {71 53 51
L 010 Hy 30° . 45°60° , IO £ WU K T4 o i
0.95x10°; c ™ 500 ], 403 1 Fras . MR AT, — 4 oG8 £ A0 4

Time/min %jﬁﬁﬁ ?ﬁtﬁ‘]’fﬁjﬁ%%i& 1%0

[l 2 GEO 5 LEO 2 i & 43 H7 /&l
Fig.2 Analysis diagram of point-ahead of GEO and LEO

F T A AR IR AN 2 IE #2005 ke S A 25, i EL R
AN, I LA GE 8 1 3 1T ) RS T 0 B 7
SRS
2.3 KEEFHIHESH

Wi GEO T2 M 8t iy Wi , B4 4 K B 5
LEO 7£ GEO B 2Ry [E/lf, H GEO K FHH4 i Y B4k
5538 15 O3 1 e F /N TR A s, KB X GEO 42
WA AR5 18 B™ 58 T8, I (388 455 v BB 31> 48 A
AT LR 4 3 15 ' LI S B 0 B R AT Al e, S
WA 15°, 15 29 GEO 7E—4F AN a) Y, 52 A B
TRy B AN 3 Fras , B 3 AT K BRSO 8

(a) March (b) April

14:30
14:20
14:10

15:25 15:17

15:15 15:07

o o

E }Z:gz £14:57

= B = .

14:45 hyied

14:35 )

w2sp o W vt L
0 5 1015 20 25 30 35 0 2 4 6 8 10 12

Day Day

15:20 (c) September (d) October

15:10 i ]

15:00 d

g 14:50 :

£ 14:40 :

Day

15:19

(e) February

15:09

Time

15:59

14:49

27.0 27.6 282 28.8
Day

¥l 3 GEO 5 LEO K BH It 1% &l 73 #r 4]
Fig.3 Analysis diagram of sun interference between GEO and LEO

% 1 XPRTHEE 247
Tab.1 Analysis of available probability of sun

interference
LEO GEO Time/m Probability
LEO400_30 GEO77 4 667 0.90%
LEO400_45 GEO77 4636 0.89%
LEO400_60 GEO77 4576 0.88%
LEO600_30 GEO77 4622 0.89%
LEO600_45 GEO77 4 564 0.88%
LEO600_60 GEO77 4456 0.86%
LEO800_30 GEO77 4613 0.89%
LEO800_45 GEO77 4548 0.87%
LEO800_60 GEO77 4370 0.84%
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Fig.4 Analysis diagram of earth baffle of GEO and LEO
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Tab.2 Analysis of unavailable probability

LEO GEO Circle/m Available

probability
LEO400_30 GEO77 92 45.70%
LEO400_45 GEO77 92 44.60%
LEO400_60 GEO77 92 43.50%
LEO600_30 GEO77 96 47.90%
LEO600_45 GEO77 96 46.90%
LEO600_60 GEO77 96 45.80%
LEO800_30 GEO77 100 49.00%
LEO800_45 GEO77 100 49.00%
LEO800_60 GEO77 100 48.00%
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Fig.5 Velocity variation analysis of LOS between GEO and LEO

laser communication
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