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Distributed Sensor-Weapon-Target Assignment Algorithm for Ballistic Missile Defense Based on
Contract Net Protocol

WANG Song and CHEN Gong

Chengdu Fluid Innovation Center,Chengdu 610072, China
Abstract The resource assignment algorithm is a key technology of realizing integrated air and missile defense. In order to solve
the problem of sensor-weapon-target dynamic assignment in ballistic missile defense,a distributed assignment algorithm based on
contract net protocol is proposed. Firstly,a formal model of the sensor-weapon-target dynamic assignment problem is construc-
ted, which considers the practical constraints such as the spatial capability of sensors and weapons,and the number of guidance
channels and interceptor missiles. An objective function is designed to achieve the two main principles of earliest interception and
maximum success probability in ballistic missile defense. Then,on the basis of the contract network protocol framework, we con-
struct the dynamic process of sensor-weapon-target assignment, and design the bidding and awarding strategies ofsensors and
weapons according to their characteristics respectively. In the bidding strategy of weapons,the replacement of assigned targets is
considered,and a method of selecting the replacement target is proposed which estimates the effectiveness loss caused by the re-
placement target rebidding. Computer simulation experimental results show that the proposed algorithm can assign sensors and
weapons dynamically. Compared to the assignment method of traditional ballistic missile defense system,the proposed algorithm
leads to earlier interception and greater success probability,and achieves 43. 7% effectiveness improvement.

Keywords Sensor-Weapon-Target assignment, Distributed task assignment, Dynamic task assignment, Contract net protocol,
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Fig. 8 Bidding logic of sensor resources
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Fig. 9 Process after winning bids of weapons
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BT S BRI SRS P bR 1 T G Bk A SR AR Y
Ko TR AP bR I o T A O X 4 B AT 55
ATEBHRbR . 47 FURRE AR, 40 SR B e Bbs T 2 A
RS2 W e BB B TR S PEAR A

e Sy skt i B H ARTE — T 5 R R AR AR B
B Ok H AR BT EAR AR SR R AT A

4 FEZK

AR 7 5 Ao 47 LS50 X B 0 P R A T vk AT IR . Ry
TG b A B W D 43 T R R B O B S8 o 5 4
SR R T LA B SR 5 KR E bR 04 43 B O ik AT R L . 7R
Xt b Bk v, B R S A RS R R AE AR B B E R R
A MR G5 0 28 5% R A R A 8 U R 55 .

4.1 XWIHSIGIT

BB E 7 M 3 A~ S AL o3 3 & 4 5 A8 A6 B TBM 4T
205 3 4B 1 H AR 8 A A 0 & ST TBM A9 B ) 4T o /9
HAREA ALY T 19 A TBM 5 & 5% 4K Kk % 5
Bty LRI 5 AEIERARAT SN 5 A BB S LK G
S 1T R AR &R LRI A LS8 1 O R I S 2 L 1R i f
ASRA T A 5 B, AR AR R A AR S S 4 A
SR
4,2 LWHER

F 1B T B [ 43 Pl Bk o 1 26 IS R IR Y 40 B O AR
A Ha N 10 HOR 22 S # B IE 4T T 23 4y, Hoop
5 3 OB T M B AV, A 14 519 522 B4
Bl T 4 5.8 5 12 S HENAE TR, ik 1
T USRI H AR R e, Bk, kKB 3 5 H
PRELR RS - FRAE 23 540 Ee 1R hout B AR AT T 1R R
PR, [FEE, T UE B 6 A k22 B bR P E o Rk
8T b A3 TE TR A AR AR R BEAT I

£1 T IV EE

Table 1 Events of ballistic missile defense assignment
4B E 4 ' H 47 4T 4 R
5 i e /s F & R#BRT [ Z-3-F &3
1 322.50 7 1 4
2 323.00 1 1 3
3 328.00 2 2 2
4 341.00 9 2 2
5 354.75 3 3 1
6 365. 25 10 3 2
7 376. 25 4 1 3
8 400. 25 5 2 3
9 401. 50 11 1 4
10 426. 25 6 3 1
11 439.50 13 3 2
12 456. 50 8 1 3
13 502.00 14 1 4
14 506. 25 4 4 1
15 544.00 12 2 3
16 551.25 15 2 2
17 559. 25 16 3 2
18 600. 00 17 1 4
19 604. 25 8 4 1
20 659. 00 18 4 4
21 761.75 19 2 2
22 765.75 12 5 2
23 947.50 3 5 3

2 FV T W Rl > BC A 50 H B SR T AL X A

ok 28 B AR 1 UL A 1) R A D . MK E rp o S T
DL B, i F R G R A% 5 1% A8 00 TR 0 46 8 29 30, % B i
Hoh 7515 5 .16 5.17 5 .19 5K & A% e BT 4742
BT R HBESH S BORZB MM B R .

%2 X HFREEEAT LR XT

Table 2 Target interception comparison of two algorithms

H #R R A A /s PR KR/ %
F 5 R X Tk Xt T % A X T & bl oS
1 969. 44 969. 44 84.77 85.23
2 960. 70 960. 70 85.18 85.18
3 944. 16 973. 80 98. 35 85.19
4 1055. 67 1024.00 85.19 85. 22
5 1033.40 1162.66 85.22 76.14
6 1016. 71 1046. 34 84.76 85. 14
7 610. 50 — 86.93 0
38 1135.65 1104.00 85.19 85. 22
9 673.73 673.73 86.53 86.53
10 613. 44 666. 65 87.29 86. 89
11 698.57 795.53 86. 66 86. 04
12 1216. 87 1306. 91 85.28 76. 14
13 671.94 763. 37 87.31 87.19
14 823.37 925. 45 86. 36 85.75
15 883.57 — 86.53 0
16 807. 44 — 87.29 0
17 900. 50 — 86.93 0
18 1048. 96 1048. 96 85.65 85. 65
19 1085. 37 — 87.19 0
SRR 918.76 958. 68 86. 70 84.39

HE— A AN L AT L& B 8 B R N 8] 3 AR O I X
KREHORZES 5, W 4y B 7 Ik af A se B R 28, 1
H 4585 HARM T IR R B X) L Oy ke . £ X 4 5
8 5 H bR Y 43 LT B — 25 0 T & B, A X A H AR Y 4
Fid 5 52 EAT 4 R B A L B AR A E b A 5 R e I g 4 AR {H
HIFRAT T WS B R R R ) . TR AR, T B A S R T
AR FEE B AR RV HER 7,15.16,17,19 5 HIRE T 4
HARAE S A 1 YL [l 13 7] LA 3 5 ) 0 il 5 8 %0 H A
B S- K 2 A8 ) B S R X b O ik I S TR e O i R %
PR R ALAE . e A T A ER AR AR O i T R
FLL kXt 3 5 HARBEAT T WIR 240, Btk x) 3 5 H AR G g4
ORI HE R 3k 98, 35 %6 5 RIS L B % 18 X o 5 9k R 4 i
BB UR E AR B B W IR 3 10 vk S H bR 7 24 AR
T MR AR A EL AT W A

T - N T LR A R IR R S 5 TR FHAS W) B AL
FhFi2 47 10 W05 B I B AN B R 207 s i ok 8
PR IEATHH . B 10 FrR 45 50T LA B L 4 4 BB AT
Hp b [R] 43 T 0 0 e ke bl B Tk RE S R AR O £ ok 28 T, i)
PSR £ 5. 8 L, R SRR T 47. 9%,

20
18

RAER B E

WEESTFE
10 200 His T i SRR T
Fig. 10  Effectiveness comparison of two algorithms in multiple

runs of simulation

240900024-6



TR AT A TR BRSO o A 3R 5 B IR A BE Y i

GEHRE  ACCAEX W S N AP R (1]
AR DM ] S5 4 T 1) B0 347 1R P LI 1 45 1 7 5 1 0R 2
{10 8 5 43 R WL 7 T 6 T 0 IS0 4 431 2% B ) 43 o 72
i 4 T A0 2 2 R R I S B Bk 5 oh A e, [19)
I3 i 7 B S 90 W R T TR v e ) 5 R A B

T B IR B A T R 22 B BB MK L T R
A 2 S P B X M S 3
B I P

[16]

2 % X [17]

[1] KORDA M,KRISTENSEN H M. US ballistic missile defenses
[17. Bulletin of the Atomic Scientists,2019,75(6) :295-306.

[2] LAIW X,WANG C W,GU C F,et al. Integrated Air Defense
Cooperative Networking Operation Research[ J]. AIR & SPACE
DEFENSE,2022,5(4) :92-96.

[3] HE S,YUE S,WANG G.et al. Requirement analysis of coopera-

[18]

[19]

tive task planning for regional joint air defense operations
[C]//6th International Workshop on Advanced Algorithms and
Control Engineering(IWAACE 2022). SPIE,2022.:267-274.

[4] HOCAOGLU M F. Weapon target assignment optimization for
land based multi-air defense systems: A goal programming ap- [20]
proach[J]. Computers &. Industrial Engineering,2019,128.681-

689.

[5] LU Y,CHEN D Z. A new exact algorithm for the weapon-target (21]
assignment problem[]]. Omega,2021,98:102138.

[6] CHANG X,SHI J,LUO Z,et al. Adaptive large neighborhood
search algorithm for multi-stage weapon target assignment
problem[J]. Computers & Industrial Engineering, 2023, 181 [22]
109303.

[7] LAI C M,WU T H. Simplified swarm optimization with initiali-
zation scheme for dynamic weapon-target assignment problem
[J]. Applied Soft Computing,2019,82:105542. [23]

[8] LIY.LIU G,HU X H,et al. SDP-Based Dynamic Weapon Tar-
get Assignment Algorithm[J]. Aero Weaponry. 2023,30(5):

1-7. [24]

[9] MA L,MA Y L,LIU X K. Based on Strategy of “Invite Public
Bidding” Fleet Cooperative Anti-missile Optimization[ ]J]. Fire
Control & Command Control,2015,40(5) :95-103.

[10] SILAV A,KARASAKAL E.KARASAKAL O. Bi-objective dy-

TOKGOZ A,BULKAN S. Weapon target assignment with com-
binatorial optimization techniques[]]. International journal of
advanced research in artificial intelligence,2013,2(7) :39-50.
WANG Y C,SHAN G L, TONG ]J. Solving sensor-target assign-
ment problem based on cooperative memetic PSO algorithm[ ] ].
Systems Engineering and Electronics,2013,35(5) :1000-1007.
DAS S K. Modeling intelligent decision-making command and
control agents: An application to air defense[ ]J]. IEEE Intelli-
gent Systems»2013,29(5) :22-29.

ZHOU L,WANG Y.ZHU X Z,et al. Multi-sensor Task As-
signment Auction Method for Anti-missile Early Warning Cam-
paign[J]. Modern Radar,2023,45(6) : 42-50.

LIZF,LI X M,DAI]J J,et al. Sensor-weapon-target assignment
based on improved SWT-opt algorithm[C]//IEEE 2nd Interna-
tional Conference on Computing, Control and Industrial Engi-
neering. IEEE,2011.25-28.

XIN B,WANG Y P,CHEN ]J. An efficient marginal-return-
based constructive heuristic to solve the sensor-weapon-target
assignment problem[ ]J]. IEEE Transactions on Systems, Man,
and Cybernetics: Systems,2018,49(12) :2536-2547.

LI G, HE G,ZHENG M, et al. Uncertain Sensor-Weapon-Tar-
get Allocation Problem Based on Uncertainty Theory[]]. Sym-
metry,2023,15(1):176.

ZHANG K,ZHOU D,YANG Z,et al. A novel heterogeneous
sensor-weapon-target cooperative assignment for ground-to-air
defense by efficient evolutionary approaches[ J]. IEEE Access.,
2020,8.:227373-227398.

XU W Q,CHEN C,DING S X, et al. A bi-objective dynamic col-
laborative task assignment under uncertainty using modified
MOEA/D with heuristic initialization[ ] ]. Expert Systems with
Applications»2020,140:112844.

ZONG A,CHEN C,MENG K. Multi-Stage Sensor Weapon Tar-
get Assignment Problem based on Modified MOEA/D[C] /
42nd Chinese Control Conference(CCC). IEEE,2023:01-06.
HUANG R Q,LI W M, TIAN Y, et al. Research on the Fire-
power Distribution Model of the Upper Layer Cooperate with
Lower Layer for Missile Defense[ ] ]. Modern Defence Technolo-

gy,2010,38(4) :26-30.

namic weapon-target assignment problem with stability measure
[JJ. Annals of Operations Research,2022,311(2):1-19.

[11] KONG L,WANG J,ZHAO P. Solving the dynamic weapon tar-
get assignment problem by an improved multiobjective particle
swarm optimization algorithm [ J ]. Applied Sciences, 2021,
11(19):9254.

WANG Song, born in 1989, Ph.D, assis-
tant professor. His main research inte-
rests include system simulation and ar-

tificial intelligence.

[12] HU L,YI G X,HUANG C,et al. Research on Dynamic Weapon
Target Assignment Based on Cross-Entropy[ ] ]. Mathematical
Problems in Engineering,2020,2020(1) :8618065.

[13] SHAO J Z,BI Y M,QIAN D Q,et al. Firepower scheduling re-

search on double-layer firpower coordination anti-missile combat
[J]. System Engineering and Electronics, 2016, 38 (8): 1840-
1846.

240900024-7

CHEN Gong,born in 1985, Ph.D, senior
engineer. His main research interests

include multi-agent system and machine

learning.



