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Table 3 Simulation environment parameter setting

Parameters Numerical value
Satellite orbit altitude 1400 km
Number of orbits/M 6
Number of satellites per orbit/N 8
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32 (FEERSH

FR A SCHiR [ 14 ], 45 B B XoF B 5% 1) 52 W 4 SRy = ol XU, 3 3l AL 28 27 20 43 2 A5 31 396 e A0 IR 2 (1 % s Ak
TR AR ETIA 3T AR RS 10 em) B8R, 8 T #4615, BE 05 BLIR B 7R 2 1 000 4> 48
]84, XA AT AT BR R, 5 55 7 O T B WA Sy o A R G R v KU L AR SO TG 2 1 X 41
P 8 Ry {5 ELAS EI Y 1 000 AR R A % B 220 ) 7

W (R 30500 2 N R 1Y), 5 1T BB 23 A7 7E 22 W 0[] — 8% 6 = A 40, AR R B AT BR U, PR 75 210 10
A b I W R TRD AT DL o Pl 9 SRy — Bk 221 I 2% e 95 2% ik i 1 AT AR 0, 1 I 220 B A 1) 4% v TR OR R EE Y
BUR B 5 B 1000 244

T BT R - R TR 0 R A G ZR okt B e M B A R ) 2 R TR 3 R IR /N R RICR 4 Bk % S i
W /NERECh 7B DR S TS, URME21 S TR 5255 A FHE21 5 TR E55 LAY
{51, HEAT 9 Y B D38 A, 07 EL A 1E] 2 15 min, 408 1 min AT 4585 — k. 0 T PRIy ) 1 5 4409 B 0% a5 ik
BRI A S 14 5 D 30 B R A S SR A di S % 4% 19 Diijkstra 55 DE-LS 53 v: 7 47 Bk S A ZE i %5 HE , R TE A

7 i

0206004-7



B8 JwtZl B b aE B R A

Fig. 8 The state of motion of a fragment at a moment

Visibility

0
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93
Link No.

B9 3ot %l 4 95 44 B o0 T R O (LB 2 8] 7T L)
Fig. 9 Visibility of 95 links in the network at a given moment (inter-satellite visibility )

F10 25 1 T 2R Dijkstra B35 R 00T, 215 T2 78T R B03HE 14 5 A0 53 8038 14 5 00 k2 4 i 20 5 40 456 g
A TR EAF 5 A 1B B0, X T Dijkstra 830100 5, HOIAE B 8% P 25 A8 bR . FACH 0 BUE AR 23 Bl B 1L
55 (8 A [ i el 2

FI11 45 1 TR F DE-LS BB, 21 5 T8 76 $uAT [F) 900 12 i R0 S 2900 308 12 i 1 82 s s 220 5 40 408 DU A T
B3 A BE B AR N B0 o X B IR 10 AT LA M, BIEE 2 [R] A4S LR 1 8 7E TR — B 20 58 BN [R AR 55 15 B, i 1
SUAT 5 ) 52 0w R R ) 4 5 48 20, 45 20 0985 BE AR RN —HERY . R0 A TR BT LR (215
5255 DRMBAE)R, 5 315 F1 115 TR A B0 e & J7 n] N 2 B3 S5 0 B AR 00 A% 4 7 1, PR OGB4
15 T 2845 F1 225 T8 AL W) B0 e & J7 1) 349 2 300 B BR AR A% i J ), B 2845 T AL (R B AR Lk 55
2275 T RLGEAE MR AN MR 2, 0T LB 2 7 I B 25 5, 5 2245 TR AL 5 7 Il 9 5 B% rT BB Hh B T
23 VR R P A 00 o S T8 T A LB HEAT R AL (21455 5545 TR AR ) B, H 5 ) s ma [ E f S 3
1,5 2845 R 11 %5 1L AL B 7% O ) AN 2 BRI AR (R AR i g ) L B AR O T 315 A 225 T
B 12702 B fie S I AR T A B ), T AR R B AR AR AR /N 3R T RE VA D BGEE B, Op S 1 B B E AR AR
AN R T

12 FE 1343 945 1 T DE-LS 8 8 A% 48 Dijkstra 52015 00T, 95 UL & 04 8% Bk 55 /9 28 46 % 1 .
P BEEE R WoR T IR TR MM T A Z &AL TR — %8, DE-LS 5 i b Dijkstra 53 1% 19 8k £ 08 >, 78
Dijkstra 5 % % th 8k 8038 K005 00 T, DE-LS 575 th 58 45 4 4 4 28 B30 5 /D BRI, 7 2 BL Dijkstra 53 19
BEEK 20% &

[Fi) 01 B S5 90 P KA 55 11 A7 B Bt A G 5T 14 R 15, 78 [ B03E 10 A5 5 b, DE-LS 5395 (1 - Y9 4% 4 i 4 10 A%
4 Dijkstra 3 21K 20 % 76 S 8L 10 A2 50 P, DE-LS 3035 (19 - 5 7% 4y i 9E 1 4% 48 Dijkstra 8751 13 % .

0206004-8



B, A5 A R TR A9 0B I 46 s ol SR AT Y

cost

28 3 2 11 10g 31 2 11
Satellite No. Satellite No.

10 Dijkstra B T 215 T2 54040 I T 2 i 25 % & 4 B 11 DE-LSEXT215 T2 54845 HHF L& o4 %R

Fig. 10 Cost of satellite 21 with four neighbouring satellites Fig.11 Cost of satellite 21 to four adjacent satellites under
under Dijkstra's algorithm DE-LS algorithm
10 13 fF————

—%—Dijkstral
—6—DE-LS

—»—Dijkstra
—©—DE-LS

12

11r

7

072345678 091001213141 0 6
Time/min Time/min
K12 215 TR 5255 L 2 Mk # W13 215 LE 5555 T E# hok&
Fig. 12 Satellite 21 and Satellite 25 routing hops Fig. 13 Satellite 21 and Satellite 55 routing hops
B Tjem ;‘3‘8 —»—Dijkstra
160/ ——DE-LS | —©—DE-LS |
150 210t
140} 200}
190 |
w |
£ - 2 180
=120 §17o H
[ <
al110f o 160
“1s0t
100 140
90r 130+
120 ¢
&0 110+
1 2345678 9101112131415 =~ et s s o
0123456 78 9101112131415
Time/min Time/min
H14 215 TR 5255 L 2 K15 215 TR 5555 T 2t Hym i
Fig. 14 Satellite 21 and Satellite 25 transmission time delay Fig. 15 Satellite 21 and Satellite 55 transmission time delay

4 Zit

R R A R K LEO B JE B3 Fh A8 P 78 TR OG5 R g i i s 1 A8 )R S BOUR 1] O BE %
BT A PR TR R T — i A 5 1 5 A BE IR S (DE-LS) i fh 301 o Ikl i e ) S I 7

0206004-9



T o AR

K o3 M B IR) AT LA R R R B AT O 1) B R B RO B e, e T B R B . O AR R Ik
% ph B BCRE S FIE /N BCEE A R — 2, 5 Dijkstra 595 AH HEBRECRAR T 1406 AL R SE 9820 1 17 % 3%
S0 1 BE A8 A B B v BT A 1) 19 4 N RS T DL, AN DR 90 i [ B T 0 S ey B RSO A 3 A R, AT

i1

iR 1) 2 4 A e o

&% ik

[1]

[2]

[10]

LEI Yunfan, WANG Long, ZHONG Hongjun, et al. A space-based identification method for space debris based on
trajectory consistency detection[J]. Infrared and Laser Engineering, 2022,51(11) :271-280.
T BER T B AL S BT — SOV I A 2 TR R U D7 A [T DA S Ok TR, 2022, 51(11) £ 271-280.
REN Weijie, SUN Jianfeng, ZHOU Yu , et al. Multi-system compatible coherent detection technology of satellite laser
communication[ J]. Acta Optica Sinica, 2023, 43(12): 1206002.
TEARZS, PR, JAAE 45 MM AR A TR AL OB BORT]. D #2840, 2023, 43(12): 1206002,
EKICI E, AKYILDIZ I F, BENDER M D .A distributed routing algorithm for datagram traffic in LEO satellite networks
[J]. IEEE/ACM Transactions on Networking, 2001, 9(2):137-147.
WERNER M. A dynamic routing concept for ATM-based satellite personal communication networks[J]. IEEE Journal on
Selected Areas in Communications, 1997, 15(8): 1636-1648.
MOHORCIC M, WERNER M, SVIGELJ A. Adaptive routing for packet-oriented intersatellite link networks:
performance in various traffic scenarios[J]. IEEE Transactions on Wireless Communications, 2002,1(4) : 808-818.
LU Yong, ZHAO Youjian, SUN Fuchun, et al. Dynamic fault-tolerant routing based on FSA for LEO satellite networks
[J].In IEEE Transactions on Computers, 2013,62(10) : 1945-1958.
YAN Hongcheng, ZHANG Qingjun, SUN Yong. A novel routing scheme for LEO satellite networks based on link state
routing[ C |. IEEE 17th International Conference on Computational Science and Engineering, 2014 : 76-880.
QI Xiaoxin, ZHANG Bing, QIU Zhiliang. A distributed survivable routing algorithm for mega—constellations with inclined
orbits[ J]. IEEE Access, 2020, 8: 219199-219213.
ZHAO Yang, FANG Hai, SUN Zhao, et al. Study on the impact of distributed datagram routing link failure in polar
orbiting constellations[ J]. Space Electronics Technology,2021,18(3) :36-42.
A7, D N A AR T 0 A AU SR PR B R RO AT ST [T ] 28 ) TR 2021, 18(3) - 36-42.
LIU Yuting. Research on efficient link switching strategies in low-orbit broadband satellite networks [ D]. Shanghai-:
University of Chinese Academy of Sciences (Institute of Microsatellite Innovation, Chinese Academy of Sciences), 2021:
13-21.
XI5 AR T TL R I 265 v e 8 B DD 4 SRR B 58 [ D . L3t vb B B 2 g KA (b [ B 22 B s ARG 9 B )
2021:13-21.
ZHANG Chen. Methodology and performance evaluation of large—scale low—orbit satellite networking [D]. Nanjing:
Nanjing University, 2021:21-23.
DUBR R AR 1R 47 i S PEREPPAG (D ] f at - B 0 R %2, 2021 :21-23.
WANG Hongyuan, CHEN Yun. Modeling and simulation of dynamic infrared radiation characteristics of space—based
space targets[ J]. Infrared and Laser Engineering,2016,45(5) : 19-25.
TEBCUR, DR K28 1A) B AR L0 A shAS SR S e e e 5 7 1 [T ] 204N S OL TR, 2016,45(5) : 19-25.
DUAN Sirui. Research on satellite network routing algorithm based on LEO polar orbit constellation [D]. Beijing: Beijing
University of Posts and Telecommunications, 2014.
B . BT LEO BCPUIE B2 88 g TR 465 s el Sk [ D ). db st - JE sl L R 2%, 2014,
MA Zhuangzhuang, ZHAO Yongli, WANG Weli, et al. Adaptive snapshot routing based on space debris risk perception in
satellite optical networks[ C ].International Conference on Optical Network Design and Modeling, 2021: 9492513.

Research on Routing Algorithms for Satellite Optical Networks under
Space Debris Interference

CAO Yang, XING Wenjun, PENG Xiaofeng, BAO Chaoyuan
(School of Electrical and Electronic Engineering, Chongqing University of Technology, Chongging 400054, China)

Abstract: With the advancement of the construction of space, space and ground integrated information
networks, satellite communication systems nowhave a higher requirements for information transmission
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rate, satellite node storage capacity, satellite coverage and security. Traditional microwave communication
methods are limited by bandwidth, speed, geographical location, spectrum, etc., and will be difficult to
meet the ultra-high speed and ultra—large capacity communication requirements of multimedia broadband
services for satellite networks. At the same time, laser communications are gradually becoming an
important technical means for satellite communications due to its advantages of high transmission rate, high
security and reliability, strong confidentiality, small terminal equipment, light weight and low power
consumption. To achieve all-round coverage of communication signals, laser networking based on dynamic
satellites and the establishment of high—speed, low-latency, high-reliability and large—capacity satellite
communication systems will become the future development trend of satellite communication. In the
future, space will inevitably gather a large number of products of human space activities, including rockets,
satellites, and rocket ejections. As humans develop space, the increase in these space debris will also bring
a series of hazards. Existing space debris research mainly focuses on how to avoid collisions with satellites
and spacecraft in orbit. In addition, these space debris move randomly in space, which will block point—to-
point laser communications. Therefore, more effective research on the reliability of satellite laser
communication systems is needed.

In order to solve the problem of inter—satellite link interruption that may be caused by space debris in
low-orbit satellite laser communications, this paper proposes a Direction—enhanced Link State (DE-LS)
routing algorithm. Firstly, the network topology of satellite communication is built. The polar orbit
constellation model is selected. According to the orbital plane and the number of satellites, an initial and
constant address is set for each satellite in the polar orbit constellation. Based on the changes in the satellite
node addresses of the starting and ending points in different transmission tasks, the Direction Influencing
Factor (DIF) is introduced. Then, based on the celestial motion patterns of satellites and space debris in
polar orbit constellations. A joint simulation model of space debris and satellites is constructed to obtain the
relative positions of satellites and debris at a given moment and to perform inter—satellite visibility analysis..
Based on the inter-satellite visibility data, a Direction Enhancement Index (DEI) is proposed
corresponding to the four directions of each node. The direction impact factor and direction enhancement
index are combined with the inter—satellite link distance and transmission delay to comprehensively
represent the link cost. The cost is used as a measure to select the shortest path, and the shortest path is
selected between each pair of satellite nodes in turn, and the number of routing hops is used as the
evaluation index. The simulation experiment is carried out in the Walker constellation. Space debris and
satellites are jointly modeled and simulated first. Then, in this environment, two situations are selected:
the theoretical minimum number of hops in the same orbit is 4 hops and the theoretical minimum number in
different orbits is 7 hops. Taking satellite communications No. 21 and No. 25 and satellite No. 21 and
No. 55 as examples for routing selection, routing hop count and transmission delay are used as evaluation
indicators, and compared with the Dijkstra routing algorithm, which also solves the shortest path. The
simulation results show that the DE-LS algorithm can maintain the theoretical minimum number of hops
when the link is interrupted. At the same time, it saves 14% of the hops and reduces the transmission delay
by 17% compared with the Dijkstra algorithm, which reflects the effectiveness of DE-LS algorithm in
avoiding faulty links.

Key words: Laser communications; Satellite routing; Link—state routing algorithms; Space debris
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