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Abstract: Beam hopping technology improves the resource utilization of the communication system
by means of time slicing. However, the existing beam positions are relatively fixed and cannot change
with the change of service requirements, and the more beams the beam hopping serves, the greater the
queuing delay of the system. When multiple beams work at the same time, the same frequency
interference can not be ignored. To solve the above problems, on the basis of beam position optimization,
this paper further proposes a resource allocation algorithm that jointly optimizes the slot allocation and
the hop beam pattern design. In order to maximize the system throughput, firstly, the phased array
antenna can be beam shaped, and the appropriate size of beam position is configured according to the
service requirements. Secondly, genetic algorithm is employed to design the hop pattern to avoid co-
channel interference. By comparing the system performance parameters before and after the joint
optimization, the simulation results show that the method can improve the system throughput and traffic
satisfaction, and reduce the system queuing delay.

Keywords: beam hopping technology; beam position optimization; beam hopping pattern design;
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Fig.2 Schematic diagram of beam hopping time slot allocation
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Fig.3 Schematic diagram of inter beam interference

3 PR TR A




854 AR EEBRFERER H22H

R e Gy W TR b L S RN 5 d, WU a. b D S ZWIEER ;A NS SR K L0,) N R
% FAR WAL a PO RS s Gy (0,) W T b (TR T % B a b D A KR 35, 0] R (6) B
e

2H?+2R(R+ H)[ 2~ cos((d,,~d, )R ) —cos(d,/R)| ~d,

(©6)

6 ,=arccos

2\/{HZ+2R(R+H)[1—cos((dm)—dab)/R)}}{H2+2R(R+H)[l—cos(dao/R)]}

A HOATREGEE; RN 4, A8 TR a 52T HIH o Z A FEE .

HIZNGS)~(0) TR, THLE T2 T YRR A R AL S 45 G, KT IRBRE RS 0, % A2k
P AR I AR, [P Tk A, SRR IR RS . T BR Y T R S 2 R AL B R T 445 1
PeACEARME, A5 T M LS5 (50 LU RBOR A, RIS A LU MR AR D) 300, IR0 T 05 5 BT & 5 52 0 AT DL 200
EXF TP AL, P AR E , DR AS BB 3% R OK T 4 3% A e R A28 1 7 126 ok sl B e R ) T4

2 R

TRBFERGEY, BEREIRRESR. ARITRARER LRGN RIGE, S8R 55 &K i A L2,
R ZRGUIE I R RO ol 55 5 SR I 0 A I A7 D0 4 /0N A B T 5 oMb 55 5 SR R0 2 A 38 A7 DU TR R D A B
BRI YA, IITE S w5 RO AR, AR R e HRBAI 28 J2 S 2% B o R 9K 4 R G 8 d /N D R T LA R i T
Aok, HE LR gRARaE R, BRI MO 2, REHANEd 2tk 2T
PP R LAY RE A, AR SCAR R M 55 20 A1 A R T 845 ) D ROV

AR SCRE R RN 3 s TG, SFGUBUR, PeOAURE SR BN RO R [ PR AR, S AR R
Z, REMI Bk, BESRNLA, REW GO ka2, P feme al AR o 75 23 £ 5 18 55 90
W for o e MBI B A B RN Ay i ) 25 5, 23l b 55 7 SR B AE IE, C B BN E BB Ml 5 oK
RN R R OR R R R R A AR O % SR PN Bl 55 R R S ORI RE D = AR L EC a0 xK(7)~(8)

Fr 7 o
F- = ™) .
1 PG.G, beam level is initially
f B, lOg2 1+ N, intermediate
b= 1 o PG, G ®)
— B log,[1+ —2—
K £ N, when the beam traffic

demand changes,

A Ry NI AF PR AR, P LN Y R 55 caleulate F, L
Rty Ry WU HRER R ABUE ST, P AL B 55 R
W5 Gy NXTREAGR LA S 4 s K O i {5 B i XA 1Y
WeRAH D RARFEB A 55 KR AL, PR
FHARAZR RGRIEBCEE ST, @) R H WAL 55
KR, PORAEY A AR RS RIVEBCRE T .
A S @)W EE R/, THIE 1R, WHIZRS
AIVCECRE ) O, PRI e PRI D R AR 4 o

If|L-1]<|F-1], and
F>1, 151 Y

beam level is unchanged

M ME AR, Fo L¥WERT 1L, HREEZZ
BRI, TLR AT I RE ) B/ Tl 55 R A et /
level
3 BETHESESERZITERAMK
Fig.4 Flow chart of elastic beam optimization
SCHR12] 0 BLn B 22 0 0 H A s 80, 0 o0 00 15K A Bl 4 BAPEM AR

A A U AN o3 T B0 IR B BT R, R B AR T R
ARSCHE 5 JE S TR R, 25 08 3 9l oR 3 A5 T X R G A B A 9, DL /N 22 20 A Oy A A S Bk
e SRS B B MO AR Y, SR 2 2 D SRR T Bk BRI i DR



5 8 1) REEE. BURRKAMH S THis R BT E Rt 855

mini(T[—R,)2
s.t. T:<Rl.,Vi
BEOR TR BRI R E R LT RA RS DR ARG RM R F ML, @) PR Rt aER. 4
BB O E I, A R A A5 SR A R S AR TR L AT O, A [ P R A G0 TR R S A K R ] A E AN T
PRS0 LE A AR o 55 i D POR B R BT 450 Gy W Ry 315

PG, .G,
Ny+1,

©

Rgn 1= (10)

S1PG.G0))
Ii= 1¢j(4ndﬁ//1)L(0ﬁ) (D

AR SCA BT AT AT, H bR pRESZ 45 D R R S 25 G g .t T A BRSO TR, REM RS G, A
M, m=Nanela, THAELWZ G 52m, F i BHTP 3R 452 H br pREOE . 55 22040 0k 57 28080 £
AT RE A fif 25 ) A B DL B 25 1t R B0 o B AR MR v, 3 U)W BEAR B — R A R AR AR 0 Oy ik o s A% TR U i 2
g, BB ES T, Bt P S S R, O R R e R R R aE SR, v LA
WS AN [ A48 3R T 5K o AR SR HIZ SR SR AR G P I B 43 T 5 1 2 15 T ]

188 4% B33 Ao G o0 i 25 (8] BHTP 354k R de i, JFamad e . 3¢ UM S EE R AL A, & &t
ERRAR, P15 BHTP, Bt L MEBRIER AN .

1) M H A5 eR B0 2 AT AT A, O AR R T AT i Sk B AT AT AR I g RS kU0 st R M s e . =
eI gAY . B ARE AR . S G R G A S0 H A B R UL S R e, AR RS ERAE R L S AT,
A S i et T =

2) NP RTAT R AEATVPAL AR 4R A R oA BB A B R ACAR AN A, 3 R A P S N R B A, A B R R
ity 5 38 H AN E AR eR SO SC I o 38 B BE pR BRI BT A A AR 6 T ) B A GE W R EERY, BRE T BRI S . AR
o, BN B RS R 2 A A G G N FE DR RAE B AR R AR B O0 BB, Gl R R A AR st £ 2
TR AR s A 0 BN A A AR 38 A B R — AR AR X N — 28 S IE TR AR, AR [
P2 )R] 8L, 50900 S B 2 G A R SO0 B A AR T 7 B 22 1 04 2 e B D0, 3 B PR RSO i H A eR S T . £
X H A R EE(9) S fe /N ), AR S 3k X L IO B0 T = B AR T N R L

3) W FPRE AL | 28 AR S MR DL S AR 2k R A S mt S B N BE AL A R R R R T AR R, AR
N R 6 D A N < Rl A2 (= N ) B i < R R £ N £ I A NS o OB R VA o L1 B2 e N O B S AV B 9 L £
o A YT HE A ACEL g 2k B Y B R AR g, TS IR IR

BRI AR T

A SPRTGERERR,; TWHMEL SERMENE G G, 205w BRRE; FFEL Popsize; F
FEAREL Population; 38 XHMEHRF ;3 SRR F; K g,

Bty W R R/ 22 90 45 B BHTP

L F B AL 00 BHTP SR fig S 0 F .

WMtk Z48: R 1. Gy, Popsize. F,. F,. g

AR IR

{

g=0; /IR EARIRECH 0

Init_population(); //FPEE#) i1k

Fitness(); /M Y535 W BE pRETT 38045 Bk R BEBE BHTP AN [R] B B A0 ¥ Ao A0 3 N M, 398 8 e 0 I IR S e a4k

while(g<g,.)1

gt+;

Select(); 1/ M\ Population " 5 AH [ FE RS (4 A~ 1R 44 38 8 19 Population

Cross(); /%5 B EMA o (0 e €8 K 1 47 38 SUHRAE

Mutate(); // 35 B HEAR R e R S0A T2 F 4 AR

Evaluate(); // 1R v B> e 0 0 A 35 I, AR G € (4SS N B A A8 Ak, 184 n sl o 2 g 4 % €0 4K 1 3 1 B



856 ABEHEE5RTFEEFE 52 %

{8, JFREE FANF, AR MRS Y PR A AR, PR B BRI P B B O Ik

y AR
v /B E AR B A A BHTP

4 HESSH

P ESEN R PR o S fE KR 12 40
W, R RS R R RN 2, & R Rl 55 7 oK
2 4120,30,125,136,35,25,45,26,495,130,24,27] Mbps .
HR A U AR AR AL SR M, AR SO 3 dB i e 1 Kl 43 Sk 34
GG, AR 0.8°, 1.6°, 3.2°, A Gk R A Ik
TEE R 1.6°0 TP RIS HREZFEKR, %
r 55T R R R R X, BB ERPHR; 7R
S N e N NS AN T N S E A
P Z )G WA KR 94, £ % Al 55 75 5K 43 00 R
[110,125,136,130,118,130,125,122,121] Mbps, 41l 5 il
6 iR .

1 2 34 5 6 7 8 91011 12
beam index

Fig.5 Traffic demand of each beam before optimization

P15 DAL BRIl 55 R B

*1 RS

Tablel Simulation parameters

simulation parameters value
total system bandwidth B,/MHz 100
total system power P/W 100
slot window length W 128

maximum number of simultaneously

working beams N, :
antenna transmit gain before optimization G,/dBi 75
beam 3 dB angle before optimization 6, /rad 0.08
earth station antenna receiving gain G,/dBi 25
antenna transmission gain after optimization G./dBi [81 75 69]
beam 3 dB angle after optimization 6, /rad [0.014 0.028 0.056]
satellite orbit height H/km 35786
slot length #/ms 100

500

450

N
(==Y B
S O O
L) ] L)

traffic demand/Mbps
NN W W
(=2
S S
L

—

W

(=3
]

100 =
S50
0

beam index

Fig.6 Traffic demand of each beam after optimization

SRRV RIARE S T3 BN

F L6 BT, DA A % 0 SR ] F L 45 o T AR A O A A L ik -
0 (R RERLRE | 2 UM 256 1 AE 57 A0 %6 40 5 R e B 1 U 1Y Table2 Parameter setting for genetic algorithm
FESH, Y F OIS P R e 2, AR E 100, B p— value
TE01UA 1 P RE BE AL 25 100 4> BHTP I T2 AU HEIL , A B LS5 Cﬁgg;;jg;;;jy 109
FLO BN 3 2 % o Bk i IR 950 43 GRS 250 oy T % 0B T 4% D R 4 mutation probability 0.02
SRR TR B 0, 5 D IR 4 T A O R R R A, B iterations 100

PEAk R 7 SRR 22 | RTRE A 2 8] 4R BOR LA K AR ek B B A AR

2, (HaE R T IRY L SR AR S T DL — AP35 BHTP, 38/ TR0 IR
Ohy 36 UE A SCAR Y B AR SRV DAL DG H A Ay b R A Rk AT T R S i O IE AR MR RE RS A BT,

TR B 25 23 SR A A% 5 R 23 T ) I B A, PR AR e e 55 DG S HE A A Bk i R 1 S B 5 15 3R A BHTP B9 15 L

28 BL4NIE 7 8 B o

B 7 R P L AR A A PR A 55 o0 B B, SR R Ge A ik i oy 754 Mbps s &1 8 g e i Lk, ol 55 B S
PEAT RIS B0, PASCR TR E DL AL T7 15 B2 BOR Bl 55 - Bd e, B R G A ik 20591 4 879 Mbps . 1 054 Mbps .

L AT, BRE DU T 5 1 R e AT i e e

b 55l T SR A S PR BE A9l 55 R Sl 55 R ORBR A LU AR, AR SCM L T AR GE L BRI A L ik g5 A SE AR
BACTE Bl 55 W, Oy A R AN 9 Fron o et BT 9 T, TR DAL Al 55 3l 3 B I 000 1 el 55 A 2 LA

LA S8 22 W AR ¥ 73 il 55 1 T



5 8 1) REEE. BURRKAMH S THis R BT E Rt 857

600 —A— traffic demand 200 —A—traffic demand
- beam not optimized B --+-high traffic priority}
180 —e— joint optimization

W
S
(=}

" 160 =
& £ 140
§ 400 F =
B 2 120
=
;; 300f 2’ 100 ,
2 £ L/
= 200} SN J \
> 2]
“ 100F 40
20 B 1 1 1 1 1 1 1
0 2 3 4 5 6 7 8 09
beam index beam index
Fig.7 System throughput before beam optimization Fig.8 System throughput after beam optimization
&7 PeALAuALRT R G it B SRR INAIR AT ke
HESCHRLL6) A1, 856 5 0 TS HE AR 2 0 O y
K K
z c % 0.9
_ e 0.8
Q 2Nmax * s (12) 0.7 \\
> D g
k=1 b= 0.6
&
b L B S SCHR16] 20
o 0.4
AR A XA, S iR A = C ol 203
02
Ci =B, 10g2 (l +R SIN. i ) (13) —a— traditional multi-beam|
. . . ‘ . . 0.1F - high traffic priority
BE[0, SRR — 4> Bk e o S 23 (] B2, O felt B8 A0 A 25 Bk ol 1 1 | —o—jointoptimization
e e gy A R 1 2 3 4 5 6 71 8 9
FHLZE, 27 i D AAE[0, ST E] P 4% Al 55 6 0 AN 2ot 53 FiE Y beam index
0l 55 5 Fig.9 Traffic satisfaction
D,L,S<T, (14) 519 i 55 B

A DS i A POR I BUE AL Bk R s L g B A . AR S D BUE A (14) BF 5, B R R Gk B
Fge ik dt o BRI A A R L, 291000 bit, H5 X2~ AL, FTERAF UL AL IS A 28 G0 HEBAIR SE - 55 1 30 37 40 Ak
i 2 G HEBU I SE 2 272 ms, AL U0 AL S (9 5 GEHE B I 8 O 168 ms. 5 &t Hl BRI AE 0 4k /5 He 06 £k 1T AR
38.2%, HIBLAIAD, PEARAEOM D, RGEHEARE AL, /e RGN IEVEREA TR M .

5 #ig

EExr P sh BB B i RSO0, itm ARGk E, FEIRRGEHEBARTGE , 4R R RGN, AT
SR PR F22 e B e R AR HEAT INF B0 TiC & A i F SR HEAT IR S0t . e R AR P e R R, TRk 55 oK
e 1 DR 5 /N A SR PR, M 55 e SRR 1Y DX R ' R A SRR, R R A il TR 5 R R Y
A, R % & T HAFE TR, S 2 AP RS2 mE, SN T, R T AL 50 SR i e P AL T
f1% Bk I SRR 18] T ) %, (o 38 R0 BE g B 3 DXl 55 R SR I, AR T B UR O BE Y A2 2R B R R b T 1 e
1, B T RGNS R, AR T RGBT E

SEH:
[1] Xlab. 05 15 & 40 98 U5 8 )3 330 AR 55 [D]. 5B 8 PR R L K 2%, 2021, (LIU Chong. Research on resource scheduling

algorithm of satellite communication system[D]. Chongqing, China: Chongqing University of Posts and Telecommunications,
2021.) doi:10.27675/d.cnki.geydx.2021.000853.

[2] ZEEEATSE,T—W. 6T DAEBI R RS M ILS AT, a5 W B TR, 2021,18(1):8-13. (LI Cong, HE Wen,WANG Yifan. A
study of beam—hopping technology in satellite systems[J]. Space Electronic Technology, 2021,18(1):8-13.) doi: 10.3969/}.1ssn.
1674-7135.2021.01.002.



858 AHZEMEERFERER %22 %
[3] ANGELETTI P,PRIM F D,RINALDO R. Beam hopping in multi-beam broadband satellite systems:system performance and

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

(18]

payload architecture analysis[C]// The 24th AIAA International Communications Satellite Systems Conference. San Diego:
ATAA, 2006:5376. doi:10.2514/6.2006-5376.

TR SR IR ARAAL AR bS5 A N Y T2 Bk R R G R IR A IR D] B A TR R AR R, 2022,1(3):29-35. (DING Xiang,
XU Xin,ZHANG Senbai, et al. Service—adaptive resource allocation method for satellite heam—hopping systems[J]. Journal of
Army Engineering University of PLA, 2022,1(3):29-35.) d0i:10.12018/}.issn.2097-0730.20210121001.

FEERTE 2 AR LA TR kD T A R B 53R ). B B 4, 2019,43(5):21-26. (TANG Jingyu,LI Guangxia, BIAN
Dongmlng,et al. Review on resource allocation for beam—hopping satellite[J]. Mobile Communications, 2019,43(5):21-26.) doi:
10.3969/}.issn.1006-1010.2019.05.004.)

LEI Lei, LAGUNAS E,YUAN Yaxiong,et al. Deep learning for beam hopping in multibeam satellite systems[C]// 2020 IEEE the
91st Vehicular Technology Conference(VTC2020-Spring). Antwerp: IEEE, 2020: 1-5. doi: 10.1109/VTC2020-Spring48590.
2020.9128905.

ACOSTA R J,LARKO J,NARVAEZ A,et al. Advanced Communication Technology Satellite(ACTS) multibeam antenna analysis
and experiment[C]// IEEE Antennas and Propagation Society International Symposium 1992 Digest. Chicago:IEEE, 1992:1356-
1358. doi:10.1109/APS.1992.221645.

ALBERTI X,CEBRIAN J M,DEL BIANCO A, et al. System capacity optimization in time and frequency for multibeam multi—
media satellite systems[C]// 2010 the 5th Advanced Satellite Multimedia Systems Conference and the 11th Signal Processing for
Space Communications Workshop. Cagliari:IEEE, 2010:226-233. doi:10.1109/ASMS-SPSC.2010.5586902.

ALEGRE-GODOY R, ALAGHA N, VAZQUEZ-CASTRO M A. Offered capacity optimization mechanisms for multi-beam
satellite systems[C]// 2012 IEEE International Conference on Communications(ICC). Ottawa: IEEE, 2012: 3180-3184. doi:
10.1109/1CC.2012.6364414.

ALEGRE R, ALAGHA N, VAZQUEZ-CASTRO M A. Heuristic algorithms for flexible resource allocation in beam hopping
Multi-Beam satellite systems[C]// The 29th ATAA International Communications Satellite Systems Conference(ICSSC-2011).
Nara:ATAA, 2011:2011-8001. doi:10.2514/6.2011-8001.

PEPE5 AT a5 2= it 25 . — i 1 Bk TR %0 5 A7 0 VR S 3 B R 4 R 5 :CNL 201711167658, 1[P]. 2017-11-21. (WU
Danfang, HE Jing, LI Jiahong, et al. A beam hopping oriented elastic scheduling system for beam position resources and its
scheduling method:CN,201711167658.1[P]. 2017-11-21.)

T A T B R BT HT L R R 4 I 1 Ik oD 8 P Ak B B R A3 L R (D). R b — MR AR AR B M 45, 2022,3(1):18-26. (HAO
Mengting, ZHANG Chen,ZHANG Gengxin. Beam hopping beam optimization and resource allocation algorithm based on phased
array[J]. Space—Integrated—Ground Information Networks, 2022,3(1):18-26.) doi:10.11959/j.issn.2096-8930.2022003.
PR R SR R A L ST AR PR TR AR 45 P BE AL ABOR[T]. KM — R A5 B M4, 2022,3(1):9-17.
(HUANG Zixuan, ZHOU Jiaxi, ZHANG Jing, et al. User random access technology based on beam hopping satellite
communication system[J]. Space—Integrated—Ground Information Networks, 2022,3(1):9-17.) doi: 10.11959/j.issn. 2096-8930.
2022002.

RN, T X LA TR A P DS A B B SR B[], JCZ HL TR, 2019,49(12):1076-1084. (LI Jing, WANG
Jinhai, LIU Yangang,et al. Application and prospect of phased array antenna in satellite communications[J]. Radioengineering,
2019,49(12):1076-1084.) doi:10.3969/].issn.1003-3106.2019.12.011.

ZEAE B AP MR RGO T8 A ST [D]. Jb T b B o TR AR A B T RFARF ST BE, 2021, (LI Xiukun. Research on
ultra—wide angle scanning of phased array antenna[D]. Beijing: Electronic Science and Technology Institute,China Electronics
Technology Group Corporation,, 2021.) doi:10.27728/d.cnki.gdzkx.2021.000035.

TANG Jingyu, BIAN Dongming, LI Guangxia, et al. Optimization method of dynamic beam position for LEO beam-hopping
satellite communication systems[J]. IEEE Access, 2021(9):57578-57588. doi:10.1109/ACCESS.2021.3072104.
T, AR B A A L LT A 0 A vl Bk i R B AR O IR (0], THARPL TR, 2020,46(4):169-176. (WANG Yaxin,
BIAN Dongming,HU Jing,et al. Optimization method for full bandwidth beam hopping pattern based on clustering[J]. Computer
Engineering, 2020,46(4):169-176.) doi:10.19678/j.issn.1000-3428.0055179.

Wb, R IR . iR B B RS A AT R BE R R T A (D). 15 8 TR K24, 2022,23(3):344-350. (YANG Xiong, WU Dong.
Improved selection operator in genetic algorithm cryptanalysis[J]. Journal of Information Engineering University, 2022,23(3):

344-350.) doi:10.3969/j.issn.1671-0673.2022.03.015.

(FH4%5 864 1)



