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Abstract: Based on the static variant of the sensor-weapon-target assignment (S—-WTA) problem, we built a mathe-
matical model for the multi-stage S-WTA problem, with the objective of minimizing the expected remaining threat value
of the incoming targets, by dividing the operational process into several interception stages. In order to solve this prob-
lem, the multi-stage S—-WTA problem was decomposed into two combat resource assignment subproblems. Firstly, a
knowledge-based incremental constructive heuristic was proposed to solve the multi-stage weapon-target assignment sub-
problem. With the obtained weapon-target assignment scheme, a marginal-loss-based constructive heuristic was proposed
to solve the multi-stage sensor-target assignment subproblem. Thus, we can obtain valid solutions of the multi-stage S—
WTA problem by incorporating the proposed two fast constructive heuristic algorithms with low complexity. A random
sampling method based on random permutations (RP) was employed as the competitor, and some simulation experiments
were carried out to validate the effectiveness of the proposed heuristic. The computational result indicates that the proposed
heuristic outperforms its competitor for most of the test instances, in terms of both solution quality and time cost.
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Fig. 1 Combat scenario with networked resources
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Table 2 Steps of the algorithm for the multi-stage

WTA subproblem
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bR m” =00, HHHEEAN.

B3 HHHETE B = Tox L bR sl A
B i/ NAFRRAA I =T05 (5%, k*, 1), IRk H
MITCATT T IR, Eﬂé\yﬁk* = 0. THiAHM
Y E AR BBEL, S A S B A

BIA N =N —1. #N =0, WHEZHR6; TN, %

EvZ S
MRS Y WAL PTE LAk, Fe b ke, B R
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HRR6 Rt I RY .

ZR b, AR SCHR R B T AR B A g AL S kX
(knowledge-based constructive heuristic, KCH) 5. 2 1]
FERRME 2R, A G IXMRE S Pk
P it 2 i e AR T S B 22 [ B S—-WTA [l 1) 5 AL
34 WEE RS

AT I JE R RS A3 27 I EE 3.3
I HTIR TP AT EE R R, T T B 2R BT
VAN R B2 2R B 2 .
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PRI =0, FHE L0 LA R, I
$5 1 SBCR AT 47 ) = 760 AT T R

Y
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Fig. 2 Flowchart of the knowledge-based heuristic
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¥ R )7 R R R 1 g, 76 IC E Intel (R) Xeon ES
2.60 GHz CPU, 64G 77 LA K Windows 1041 REEH]
AL MATLAB R2016B¥F85 N7 1HE S5,

46, K10 BEAL A B D545 FH DG AIE 5
TR RE A HEAT X0 L, BB B A S S, W, T,
Langkaps. BT RER S, HKESHO =4E5ER:
(7% 2K, o B F S0 ) AR S 8A 7 21 2, TR
https://github.com/Ovinton32roc/Multi-stage-S—WTA.
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Table 4 Setting of basic parameters for instances

#HEH S 0w T L

1 4 5 3 3
2 6 3 3
3 9 5 7 4
4 8 10 9 4
5 13 11 8 5
6 17 12 13 5
7 16 20 14 5
8 19 18 15 5
9 18 15 17 5
10 23 25 19 5

N T BIGUEASCRR Y A5 T R A AL IS LS
KT R, R T — Fh g T BELHES (ran-
dom permutation, RP) ) 772K K fif 22 B B A& i — H
By 7 ) J, 5 AR Y B SR BEAT X . RPJT
Hh T FH 2R AR B 7 7255 A SCHR K CHAELZEAR A,
B RO B AR BEN L TR AR A — H AR i 7
SR = o, BT S 2 PTA 2R R
CHIAE 73 BT RY O A 35 A R0 BiE = ekt i
HOM, WIBE DCRAE R R il — 1B M BENLHES,
XA R E T 75 FE MR A = J0xT B it
G, FER AR, RPITERFEALRAES00007K, Fik
AR B B Bl ) — A5 AN SRR, i T oEA
SYHIBEHURFE, RPEEFT AR 0 Be T SR AFAE R
AT E . PR ox B — NS, RPAR I8 4T201K,
FXRSBATHEREATG H. BIRA SIS K CH
SR — MR B MR B, AR RO AR 1) 45 R [+,

{EHON T 43 A L TR) P B, 0 BN EAP) B2 17200,
HXFIBAT G AT AT H

5 B2 56 45 B AR SFEIBFTR, KSHZH 720
IS AT 45 AT BN H Aw iR BUE 3548 b ifE 22 DAL
5% 2 2 /KT Wilcoxon Bk A 56 1) 45 S p A . H
W p R R E R, plEE 10, MR PERERI A —
B, RARSIREE R, i h = 1, WYCNTES E T
FIKCE T, BAEBIERAE R EEZER, k2, h=0.
T AT M MK CHEA L2 — P e Rk, A
URR A 1R A 208 A2 A R) 1, W0 L I8 47 &5 SR I AR i 22
RO, T ARG, B34t T R EE RIS AT I R
Fhgt 5. RS AR H, 5T/ B E 5 1T
RPHVEAE 50000 FEHLHES I ffE 23 (]334T 1 K38
Bl 48 2%, IR HLR il Re e, andige1-3. SR, Bl
5 ] BN TG K, RPETIE (1R A 2 AR e PR
HR T B R R T LE SR AR SO RS BB I, A S B
P& K CHEE IR g o & B AR T RP TV,

k5 BB RAER AT ILLE
Table 5 Comparison results w.r.t. the value of
objective function

o H Fr e e FRAIG L6 25 SR
KCH RP » h

1 40236  294.14+£0.00 4.68E—10 1
2 41377 274774085 5.76E—09 1
3 669.83  591.82+£30.97 8.0IE-09 1
4 122477 123370+ 6051 02534 0
5 52256 72346 +£80.56 2.10B—07 1
6 154225 1782.11+£87.21 2.10E—07 1
7 229513 3712.17 +£183.00 8.01E—-09 1
8  2871.71 2880.27 + 174.46 3.99E—06 1
9 3102.19 3844.89 &£ 109.11 8.01E—09 1
10 2819.32 4547.94 £ 136.66 8.01E—09 1
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300 F .
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200 - 4
150 .

100 i
50F b
0 ke e 1 N 1 1

L]
Kl 3 a5 (A Heas R
Fig. 3 Comparison results w.r.t computational time
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