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Multi-sensor cooperative planning of space objects detection

LONG Xi, CAI Weiwei " , YANG Leping
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract;: Background of collaborative detection of space targets by multiple ground-based radars, to solve the issue of low detection efficiency

in traditional collaborative planning methods that use the entire detectable arc segment as the decision variable, a multi-sensor collaborative

detection scheduling model was established, and an adaptive immune genetic algorithm that could simultaneously determine the detection arc

segment and detection start time was proposed. Considering various factors such as the space objects attribute, type, launch time, radar cross-

section grade, and purpose, a multi-level fuzzy comprehensive evaluation model was constructed, and the 1 —9 scale method was adopted to obtain

the priority of the spatial target. In order to maximize the priority, consideringvarious constraints such as detection time, sensor capacity, and so

on,an adaptive immune genetic algorithm was used to solve the problem. The performance of the planning method was evaluated from two aspects of

detection resource consumption rate and task completion rate. By comparative analysis with the improved heuristic algorithm and traditional

evolution algorithm, this algorithm improves the task completion rate while also reducing resource consumption rate.
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Alg. 1 Improved first come first service algorithm

BIN:N,, TH,T,,N,, Win,Ta,,,C #& AE5 % A
pise/ 73U LR LN 4= & N HLI R I Y ST

RERMES
Bt :Seq,, # AR BRI TS
1. flag=0
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4 In_Seq,,«—Earliest(Win)  #53TLIH LSS

5 if In_Seq,, in C #0135 I T A 293

6. Sequy—tn_Seq, RIS

7 else

8 for j in range(remain( Win) ) #5735 %%
9 In_Seq,, = time_order(remain( Win) )
10. if In_Seq,, in C #2931

11 Seq,,«—In_Seq,, #F: R E L
12. flag =1

13. break

14. end if

15. end for

16. end if

17. else  #U12R HARRIMKECR T 1

18. for j in range(ta,,)

19. In_Seq,,«—Earliest( Task) ~#ZHEJHEE TS
20. if In_Seq,,in C HUNSR B T AR
21. Seqye—in_Seq,,  #IER LTS
22. else

23. for k in range(remain( Win)) #573E
24, In_Seq,, = time_order(remain( Win) )
25. if In_Seq,, in C #if§ E2IH

26. Seq,,«—In_Seq,, #{E i BEL,
27. Sflag =1

28. break

29. end if

30. end for

31. end if

32. end for

33. end if

34. end for

35. if flag= =0

36. return false #1838 25 I

37. end if

38. end procedure
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Alg.2  Adaptive strategy algorithm

BN:S,W,C #S WiESF, WHRRIENES, CH
AR R
B - sol #UETIRNAT Y S

L. Sol=[] # Sol $hAtHIIIEZ L
2. foriin S

3. forjin W

4 if S[i]meets C  #ij LA R

5. Sol =S[i]

6 end if
7. end for
8. end for
9. sol=Sol[ 1]
10. return sol

# PP — I L AR L 55

11. end procedure

3 HEMRESW

AT AT 55 58 R B IR IE AR A FA BERE
AIGA 5 FCFS IFCFS  AwPSO .3 DL}z GA #47
X o
3.1 FESHIEE

DY S50 ARG sk 1 = AL ik,
IR TEIR kWIS E, e [5°,85°] 05
AL B A, e [90°,210°], i KA fH 25
ry™ =5000 km, FIEERE 7 B IS L6 R A bR A
2k (78. 64°F ,40. 58°N) . (100. 16°E,41. 31°N) |

(102. 01°E,28. 14°N) ., ¥ AEHZEFTH 1 000 4
HARE N BRI E

2) BIESHAE AWPSO SL R4 Hn =
30,22 Fe, =c, =2, B RIERIREL My, =500,
PRl 1000, 7€ AIGA H RSP, =
200, e RIERIEL M,,,, =500, 5 LA P, =0.8,
AR P, =0.2, A8 AR R PR AR B
HLRASHER 73514 0.2.0.5.0.3, & BN Ee, =
10, BEEABIREL Ds =10, REWER P, =0. 8,
B L S RS Gk TP S8 — 3K

I EAEE: REAFLE A Intel (R) Core
(TM) i7 =9700F CPU@ 3.00GHz 3.00GHz,
3.2 EHiEEMMESW
3.2.1 AL FEN

BRI SO K s B B AR LSS o
AR AR BRI E H . —dE bR
Hi 13 AN28500 408 U, (BARE M) U, (H R
A U, (Hbr &R SIaEE) (U, ( Hx RCS 84%) L)
KU ( BArH®) FRESE. -2/ RN
B ARYER 1 R N HARME e

ik % R UEE A E G bR, — HALE IG5 N
A=[0.30.20.10.10.3], “ZMEFFRHH
A, =[0.6 0.1 0.3].A,=[0.4 0.3 0.3],
A, =[0.7 0.3]. A4, =[0.2 0.2 0.6] A, =
[0.8 0.2], &N THELIAT - HEWLEA
PN, AT LA RIS B, ~ By BIALEHE 1R

®1 RERTNEERERRITMNER

Tab.1 Priority degree evaluation index system and evaluation form

B B PR
— G bR Tt — — -
= BE — 1i% BAK
il [ 0.8 0.15 0.05 0 0
H g 1 EiqEs| 0.2 0.60 0.10 0.10 0
N 0.5 0.40 0.10 0 0
VEES &) 0.3 0.50 0.15 0.05 0
H Rt KA 0.2 0.20 0.40 0.10 0.10
23 A HE 0.4 0.40 0.10 0.10 0
- ) KSR E 60 d 22 Y 0.1 0.30 0.30 0.20 0.10
H A5 A st 1] i
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N 0.2 0.30 0.35 0.15 0
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H¥r i
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B, =A, - R, =[0.65 0.27 0.07 0.01 0]
B,=A,-R,=[0.30.38 0.21 0.08 0.03]

=A, -R,=[0.13 0.3 0.3 0.17 0.1]
B,=A,-R,=[0.12 0.38 0.31 0.11 0.08]

B,=A, -R,=[0.24 0.3 0.36 0.1 0]
RIG, RERE VAR

B =10.352 0.315 0.232 0.077 0.024]
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Tab.2  Solution results for the different algorithms

Wk 8% /% m/%  m/% Cy

FCFS  46.88 44.45 30.84 33.90 0.11s
IFCFS  74.15 42.89 42.81 44.46 0.15s

GA 60.90 41.05 26.45 22.45 0.85h
AwPSO  54.17 46.93 32.13 24.35 1.03 h
AIGA  83.16 11.80 8.89 7.28 1.30h
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Fig.3 Successive optimal individual changes of

different evolutionary algorithms
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Tab.3  Solution results of different simulation

parameters

TiHZH &%
[0.50.40.30.3] 74.28
[0.50.50.40.4] 78.32
[0.70.20.40.4] 81.98
[0.80.20.20.5] 83.16
[0.90.10.40.3] 83.33
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different simulation parameters
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