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Abstract: Satellite resources on board are limited and precious, and ground terminals in real communication scenarios have dif-
ferent geographic distribution and satellite communication service demands, so dynamic on board satellite resource management is
needed to design flexible and efficient resource management schemes. In this paper, the use of hopping beam technology can provide
flexible resource management at the beam level to solve the problem of unbalanced service demand between ground cells covered by
point beams generated by high-throughput satellites. Firstly, in order to solve the problem of co-channel interference in beam-
hopping satellites, an interference avoidance strategy between beam-hopping clusters based on frequency mode switching is pro-
posed. Further, two cluster configuration strategies, uniform and non-uniform clustering, are proposed. In order to solve the problem
of poor equalization effect of uniform clustering and unsuitable for the dynamic change of the ground, combined with the problem of
co-channel interference, a non-uniform cluster configuration strategy based on frequency mode switching is proposed for the interfer-
ence avoidance strategy between beam-hopping clusters. Finally, the interference avoidance strategy is verified and simulated. Be-
sides,the different clustering strategies are verified based on various intelligent optimization algorithms. The simulation results verify
the feasibility of the clustered configuration and show that the non-uniform clustering algorithm with no distance limitation has the
strongest flow-balancing ability.
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Table 3  Genetic algorithm and PSO algorithm simulation parameter table
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Fig. 17 Optimal distribution matrix of non-uniform clustering genetic algorithm
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Fig.20 Optimal distribution matrix of non-uniform clustering genetic algorithm

4500
4000F
3500
3000
2500f
20001
15001
10001
500
0

on

—=5so)]

value of the objective funct

15 20 25 30 35 40 45 30
iterations

A2l #EFELETELETLH

Comparison of genetic algorithm and particle swarm

0 5 10

Fig. 21

optimization algorithm

M 22 AT LA Y, AR 50 o i B A A T
P50 3 L e P OR R S, S T T
g5 R AR 5. w1 T AR T AR 200
%, B A AR ) R T — 4
7R P R R ARG, I e iR AR 2
SR o TR WA ROR o A2 3 5) 73 1 (9 P AN [ 15
DT U Y, AR SBIT PR R I T S h, e
ISR SR Z B 22 AR OR, IR T e

TE N HAE AR B 520 5 BOR [R] 3 XA B 5 5K

2RSSR AR ) JE IR B BIR i A4 0 TR R i O
b, i TN PR AR R A S, ] LS R
T R e A MR O e R i AT AR . FEAREI )03
FEJT S, BRI AR 2 BR T RO A R
i, A U, AR S AL 5k Hok

800 :
w25 )R Rk sh A i

w700 Hmm AR S AR S L B A 437
& LB,y
< 600 1 12y 5 B 5
§ 500}
E 400}
E 300}
§ 200f
=)

100}

0571 15 2 25 3 35 4 45 5 35

beam cluster
22 BAb Eo LA

Fig.22 Comparison of various clustering schemes

TR R I R EE R L
ZRIE

AR SCAE B R TR N ATHEERS T, M T
O3 ANAR Y 5 4y R L A 3550 Ik Ry A
R BT I R SR R RS Bl 55 B X E A pR A
5E I o AEAR I S) U A A FEA T i, e X Bk i B
PEMFE TR Z L, BT RTHE
AR D) 48 14 B I8 SRR ) SR s 1 =l 34 0
WO FRA T, 4y )38 Ao 35t 42 B FIORL - B SR
BT A5 et i i, (FEas LR, prig
AR S R S A R I, B
P75 0 B RE 0, B I N Bl A AR A 1 b T
K%

4

Sk
[1] HOYHTYA M, SANDRINE B, ANASTASIA Y, et al.
Sustainable satellite communications in the 6G era: A eu-
ropean view for multilayer systems and space safety[J].
IEEE Access, 2022(10): 99973-100005.
[2] PENG Deyi, HE Dongxuan, LI Yun, et al. Integrating ter-
restrial and satellite multibeam systems toward 6G: Tech-
niques and challenges for interference mitigation[J].
IEEE Wireless Communications, 2022, 29(1): 24-31.
[3] KISSELEFF S, LAGUNAS E, SALIH ABDU T, et al. Ra-
dio resource management techniques for multibeam satel-
lite systems[J]. IEEE Communications Letters, 2020, 25
(8): 2448-2452.
LIN Chen, NGUYEN HA V, LAGUNAS E, et al. The
next generation of beam hopping satellite systems: Dy-
namic beam illumination with selective precoding[J].
IEEE Transactions on Wireless Communications, 2022,
22(4): 2666-2682.
EWT, AW, B, A T AR R A v kit R R
FARALTITIET. FHEHLT AL, 2020, 46(4): 169-176
WANG Yaxin, BIAN Dongming, HU Jing, et al. Optimi-

[5]

zation method for full bandwidth beam hopping pattern



2024 49 H =

« 37 -

(6]

(7]

(8]

[9]

[10]

[11]

[12]

based on clustering[J]. Computer Engineering, 2020,
46(4): 169-176.
ZHANG C, ZHAO X, ZHANG G. Joint precoding
schemes for flexible resource allocation in high through-
put satellite systems based on beam hopping[J]. China
Communications, 2021, 18(9): 48-61.
KIBRIA M G, LAGUNAS E, MATURO N, et al. Pre-
coded cluster hopping in multi-beam high throughput sa-
tellite systems[C]//2019 IEEE Global Communications
Conference (GLOBECOM). 2019: 1-6.
TANI S, UCHIDA S, OKAMURA A. Overlapping clus-
tering for beam-hopping systems[C]//36th International
Communications Satellite Systems Conference (ICSSC
2018).2018: 1-6.
THE, ek, B, 45— LEO TLALE 15 43 b
e A9 [0]. M E AR, 2021, 54(8): 1896-1902.
DING Xiang, XU Xin, DONG Dewei, et al. A clustering
beam allocation method in LEO satellite communication
systems[J]. Communications Technology, 2021, 54(8):
1896-1902.
EXTBZR . ol 55 5K 50 ) ke o T3 2 AR G W U T B T4
THERBEZE[D]. FE AT B STHEHL R, 2021.
EI . LT BRI A i e TR B IR BC T
WFFE[D]. F &L B HUHR AL K, 2020.
VAN CHIEN T, LAGUNAS E, HAI TA T, et al. User
scheduling and power allocation for precoded multi-

beam high throughput satellite systems with individual

[13]

[14]

[15]

quality of service constraints[J]. IEEE Transactions on
Vehicular Technology, 2022, 72(1): 907-923.
ALESSANDRO G, VANELLI-CORALLI A. Design
trade-off analysis of precoding multi-beam satellite com-
munication systems[C]//2021 IEEE Aerospace Confer-
ence (50100). IEEE, 2021.

PACHLER N, CRAWLEY F E, CAMERON B G. A ge-
netic algorithm for beam placement in high-throughput
satellite constellations[C]//2021 IEEE Cognitive Com-
munications Workshop
(CCAAW). IEEE, 2021.

NILS P, CRAWLEY F E, CAMERON G B. Beam-to-

for Aerospace Applications

satellite scheduling for high throughput satellite constel-
lations using particle

IEEE Aerospace Conference(AERO). IEEE, 2022.

swarm optimization[C]//2022

[1E & f )

oW 19904, W, SHIE,

Wedn3t 1980 &, W, #Hix,

X AR 1998 A&, A,

E F 1994, HEARA,

RBLE 2001 &, AEAFR A,

X AL 19995, MR A,

B 19824, W, k.
(ALsp#t: 1F &)
(EX 4. RFH)



