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ZZ(bU_CZ% 1xdi (4, k )x” (Hi =18, c=0) . (7)
i=1 j=1

HARMARFAMHEX (2)—(4) MFE. sbARLIE R S Dantzig 55 A4 H I RAT 7 7]
i (travelling salesman problem, TSP)"" Iz kb TSP —fHEAII . Jytfhl 4% 5
MG TESTT A, U5 il i ST AL BN, SRS IR [ RGO R R 2 (TRAR )
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TSP A A7 I B L F W 22— A NP-Hard 8™, HAFAIE 24 O(n!) AEH
RS HATAR R TSP LGP TT R — A RFEN KA KRR 51
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TENFIAA S HENAE T, FEBENLATAGE (2] i LAl b, AN W BE 6 & AN B B ek AT
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AR, SCEASTESCIR MR TE 2-opt 5 3-opt HIESCINEE R IFERYE. N T M keopt
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(1) T4 k-exchange 5% 3 B AR AT RERACHe, AHAS A% A6 H A SRR

(2) KH TR 0HE (greedy algorithm, GA) 2B\ #H ik F s i K A MR, I
FE IR T 95 25 B R 7% B0 AR DAAE IR 46 i o

(3) A A i A B 1 sk 5 A s A ORI 2, X [l —AME L& B el s B i Wi 2
KA .

(4) AT et Fr R iy, 2 S AR R RS A R UM SO B2, R 58
VCHCHME—E, FBhIRAT A AR Sl AT Re G s VR - e filin — AN IR s
W F O SRR RN, 5 — AN R A A 2 3

4 SpIG AR

4.1 ILAPJV 5 k-opt (k=2. 3) BAMAELLES

N T WARIERIE B 2 T ILAPIV BILIIERES k-opt (b =2, 3) BHILMIHEREZE
S, WIF T H/MES HERAAER., A0 d, 4AE 4 M. 1000 4S5 AR 5
BSE, 3 d WA IEIETBGE £ 46 000 N2 %, BRI ISR A 2~32 5 2B
ANSRIG T, Zh5E 4 NS, 5000 AN FVEUES S 3 d )R] R SEBLA ] 220 000
2%, A IRB R N 0~800 W% WA ZURMINE K BN 4 min. # H 1 WL
SrATH, SRR S AN H bR R K PSR M 50 min, MEUEZR B AETWE, RO
M 4 min; HFZ AR NE S H AR, W] 8 B s e RS . SIS
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Intel(R) Core(TM) i5-10400F CPU @ 2.90GHz.

Iy HEAT 120, 240 1 480 min UMLK, SER LR SRR AT S5 TR LU AL il
W Ia), SRR AORE B, o FE R A Oy B SRR AR S5 Ui 28 5 ILAPJIV BB R 1 AE 5%
Weaiz b, LA HRR. B seih, 5 ILAPJV 53k, 2-opt 5i%15 3-opt SHAME
MBI B FRAREAT XS B, R 3 R 4 ZH AL AR,

*3 X1 MHEEMREEARELR
P FR BT 1] /s g ¥ IE /%
120 240 480 120 240 480 120 240 480
ILAPJV | 0.006 0.029 0.133 | 256.02 608.53 1452.87 100 100 100
2-opt 0.017 0.044 0.120 | 256.02 608.23 1443.86 100 99.951 99.380
3-opt 4.214 8.383 52.666 | 256.02 608.43 1451.15 100 99.984 99.882
GA 0.005 0.007 0.011 | 256.01 601.42 1392.53 | 99.996 98.832 95.847
120, 240, 480 A HIF AR, #6709 min.

® 4 T2 MUEIRMEREIEIRELER

o FEESLI 18] /s AL 2k HBE /%
120 240 480 120 240 480 120 240 480

ILAPJV | 0.053 0.128 0.364 | 12098.02 18794.26 30670.76 100 100 100
2-opt 0.024 0.049 0.133 | 12096.44 18780.28 30656.60 | 99.987 99.926 99.954
3-opt 0.288 5.085 46.083 | 12097.38 18793.46 30666.95 | 99.995 99.996 99.988

GA 0.021 0.021 0.029 | 11955.50 18718.34 30143.15 | 98.822 99.596 98.280

VE: 120, 240. 480 7R MK MR, #4758 min.

HHR 3 FIZK 4 AT %0:

(1) PIASEEeH ILAPIV VA RER I R, X T8O E s = 1 1) A 1R 47 () fif 55 3%
K, HURERAH by (/NS SR S ) 52 I /)N

(2) 2-opt HIEF 3-opt VLA AMB IR, PIASSLIG A 550K BE#T7E 99% DA b. 5K
36 2 F R 2-opt FIEMASE AL WEUT 7 IS (R B ILAPIV Bk 0D, HA SRS B e 5k
TF 99.9%. K 3-opt HiEN, HKEFILL 2-opt HiEMS A R E, HLHEE SRR K,
ARG AR W X LA 20, 240 min FOAT55 FKI BT 7% A SR (8] 2 R 2-opt S92 BT 75 B (8]
MEGZZ.

(3) GA [MRE BB, AR ERS FEANEL AR,

ZEA UL L= A, SR ILAPIV BEm 2t i e 2 VAR AL )8 R 3-opt &5 SR K
ff, R AR ERT A AR R, A& TSRS IRtk DRI, SR P SHfe R 55 A 1)
2-opt FIEMREVE KBRS ) AR I AE L PR AR AL )

PLSEEG 2 F 120 min (B MEIAB], 445 4 NS, 5000 ANZSAIE A, 2R PR
PLRRAS ¢ = 10, 50 BFJEZR MR AL AT I 120 MR, ¢ = 100 ATHEIN 117 N F, REIFE
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BN RA SRR R, S I IBAKR N 4 min, ADTESAE 120 min W%
AL 30 ANFEF, 4 NIt R AT 120 AR, B, SRR M. JEH,
TR ) MR U s f K. W 5 fiow, B e = 0 RoRH ILAPIV #5242 MR I 1) M ) e
FB3G ¢ # 0 Fom M 2-opt MRSEARZMERR ) METIE S 2

W c=0 MWl c=1 M5 [1] =10
“00 2] =0 [11[2] c=10 [71]2] c=50 [2] =100 480 480
480 480 |
461
400 400 405
& 306
3 300 240 240
iy 240 240 | 240
g 214 220
= 200
e 120 120 156
120 | oo 120 | 120117
; I I : H
0
120 240 480
SR HRI B /min

W (1] RRER 1, [2] BARLE 2.

B 5 mENERDHEESRAREFRKELE

4.2 AREENSE AR RNz B R IR AL

2H s AR S D RIS, JRATTE I 7170 > NORAD 4 H 2 B I v, “ L
W7 RS MR T2 AR 3L T TLE 00 o B 8w st 7™, sl ok 2
V) 785 35 A R LA A T 2 (14) 205 e A0 AP v 8 it TR W00 Sy e A B3 P P D 20 e B 00 94 e ks A 4 TR
(1) 200 A MM E 2 s, Wk A B %k B E PR GNSS k%5 (International GNSS Service, IGS)
RAGHT SNX 3L, Wi 6 s

e 8 R A U 447 T e BB 5 223
x5 MHLEESH

— o RAKBELES.

ot 7 S T R SO
St o’ G TEENFLBRAOR S, U3 9367
s 0s0® B R SRS B,
HRINMELKITNET 0 VLS5 Kot BRI prdf: 706
SRR 1/rad RN 220V A S S AE B R P R, AR

PE WL WL ], 5 H AR AT s A H
ARARRE T AT L, I H SR EARIIAEL, A s L
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4.3 ZIKEMITNHELSR

M F DA b st 3 B AR e, IR INF ) )y 2021 4E 3 7 HZE 2021 4E3 H 9 H,
AN R B B DAL 25 15 8 0~100 Z [ BB ALEL. 154G 20 IS B IETA BE 60 s, X2
4R H B AR PUIE S AT H AR € /B OB S R0 K ZoR T W B . #3174 h
PRI S5 ek (F7 BN Busoooxasooo)s  1Fl— T &% [A]— H bR B e KBS IR I 180 s, i
SR SO I 5 RIS AT LA AN B v 55T R I TR A U e R 6 s, 45 R RO

F6 4 h HUESHHEER

SEIR  iumiggs misgn  OURRTECR/Y

(BLi%, A (I /B
ILAPV, c¢=0 12.051 289 399.07 40.88
2-opt, c=1 162.071 285 333.79 40.68
2-opt, c=10 164.026 257953.53 40.70
2-opt, ¢=50 160.941 147 811.66 35.73

(1) (A ILAPJV SRR AN n @ (A5 B EIER I A) I E N 12.051 s, f#H
RORAR 5

(2) WG RN A N EFINE ¢ = 10, {EHH 2-opt M HRAELNE 7] BEFKI N [R] 9 164.026 s,
Al A% #] 3 min PAY;

(3) B 4 b OB 7 b, R ARG PERERIILA 2918 /NI A W T — Ik, miZkE
BRI 2931 MR BRI 17—k, ¥)5 28 40% UL E.

TR AT WA 2T 22 8, 200 Gkt R 158 AN G ubA v WA AT LA, AT §Em 1
BRI AFIH R UM TS 1 min B, &&FHREERAE. Ak, BA TR E
BN 3 min, HATAES L, FIFHAEGAEFNZ AL AT AT 23 5 Wl 2918 M1 2931 M,
BEI, & IR TR R B R FEAR 2 1 min B 3 %, HBEENZSLI P H 200 AN &b R A
7000 2, WNERLEFEE, HERIIRATEZEAE R RN — KX — A 1 0 57F
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A Scheduling Optimization Method for Space Debris

Monitoring Network in Multiple Monitoring Task Scenarios

QIAN Yang-bo!', XIA Sheng-fu!, SONG Zheng-ji2, SANG Ji-zhang!

(1. School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China; 2. Beijing Institute
of Spacecraft System Engineering, Beijing 100094, China)

Abstract: Orbit measurement data collected by a space debris monitoring network is the
basis of debris orbit cataloguing. With the vast number of debris objects but limited moni-
toring facilities, data collection strategy and task programming are the key technologies to
bring into full play of monitoring facilities and improve cataloguing capability and accuracy.
The monitoring tasks include routine monitoring, important object monitoring and monitor-
ing of emergent events. For the multi-task scheduling optimization problem of a monitoring
network, this paper proposes a linear assignment model and a nonlinear assignment model
considering move cost, respectively, in which the monitoring benefit is defined as the ob-
jective function, and uses the improved LAPJV algorithm and improved 2-opt algorithm to
solve them. The optimization experiments with ground-based simulated debris monitoring
networks are carried out, in which the improved LAPJV algorithm and 2-opt algorithm have
a solution time of 12.051 s and 162.071 s, respectively, and the total benefit is 289 399.07 and
285 333.79, respectively in term of the linear model and the nonlinear model with 4-hour task
scheduling for 200 stations and 7170 debris. The final results show that both the algorithms
are able to solve near real-timely the monitoring task programming, and can be used as an

effective solution to the network task scheduling optimization.

Key words: space debris; monitoring and maintenance; scheduling optimization/programming;
LAPJV; k-opt
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