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A multimodal robust evolutionary solution method for the weapon-
target assignment problem in dynamic partially-observable
environments
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Abstract: Weapon-Target Assignment (WTA) is a core combinatorial optimization problem in the domain of air
defense command decision-making. Existing studies largely rely on the complete-information assumption and adopt a
single-solution paradigm, thereby overlooking the robustness differences arising from incomplete information and
multimodal solutions, as well as the insufficient exploitation of knowledge across stages. To address this, this paper
proposes a dynamic partially-observable WTA (D-POWTA) framework. First, a complete mathematical model is
established to explicitly characterize information incompleteness and incorporate 13 classes of operational constraints.
Second, a Robustness Metric Index based on the Hamming neighborhood (RMI) is introduced to quantitatively
characterize the local quality-dominance margin of multimodal solutions within their encoding neighborhoods. Finally,
a Knowledge-Guided Dynamic Rolling Evolutionary Algorithm (KG-DREA) is designed, achieving an organic
unification of knowledge—multimodality—robustness through cross-stage knowledge reuse, Hamming-distance-based
niche preservation, and RMI-driven robust selection. Experimental results show that, across 10 test instances with 24 to
500 targets, KG-DREA achieves the best performance in both solution quality and convergence stability, and ablation
studies further verify the effectiveness and contribution of the three core mechanisms: cross-stage knowledge transfer,
multimodal preservation, and robust selection.
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R B BT %,

F=3 2EWEEEREMNINE FRIMEEXTEL GRRBUNE, BN L)

HA HA GA LKEA KG-DREA BRI
1 6.3812 4.3729 +0.12 4.3952 +0.11 3.8028 + 0.02 +++
12 8.7661 5.9895 + 0.09 5.9804 + 0.05 5.6434 + 0.01 +/+/+
3 15.3235 11.1388 + 0.16 11.2219 +0.20 9.5226 + 0.04 +++
14 26.7514 20.9342 + 0.26 21.0150 + 0.21 18.3216 + 0.06 ++/+
15 21.9975 15.9611 £ 0.10 15.9783 + 0.08 15.4877 + 0.02 ++/H+
16 61.2779 43.4277 +0.27 43.7273 +0.33 37.0943 +0.23 +++
17 33.2545 27.4135 £0.07 27.4241 £0.13 26.4619 £ 0.04 +/+/+
18 92.3745 72.8553 £ 0.41 73.1812 £ 0.47 65.2937 +0.25 ++/+
19 157.4035 131.6789 £+ 0.69 132.0855 + 0.66 116.9982 + 0.33 ++/+
110 118.3776 95.6350 £ 0.39 95.7239 £+ 0.49 86.3838 +0.23 ++/+

T R APy H R R HE (AR R, Mean + Std) 31708
(o =0.05).

SLIBATEER. B EERRICXS M "vs. HA / vs. GA / vs. LKEA" I Wilcoxonf Al 46 45

*4 RERMBOIFHSRSERSH @5 MERILE)

- B filt 75 Fitness RMI DUBA R B Al HiE
1 1.809 1 0.1246 — 10 AL
- 2 1.8180 0.1301 5 10 AF = 0.0089
T8 1B B 3 1.8248 0.1811 6 10 AF =0.0157
Fitnessi?5 /& 0.0157 | RMIFEE: 0.056 5 | ILHAFE B min=5, max=6, mean=5.5
1 13371 0.1682 — 7 S
2 1.3421 0.1607 6 7 AF = 0.0050
3 1.3421 0.1531 7 7 AF = 0.0050
-F2A e 4 13421 0.1644 7 7 AF = 0.0050
5 1.3450 0.1434 5 7 AF = 0.0079
Fitness#5/%: 0.0079 | RMIFE%: 0.0249 | ¥ W 25: min=5, max=7, mean=6.25
1 2.6013 0.0592 — 7 AL
2 2.6013 0.0695 6 7 AF = 0.0000
N 3 2.6013 0.0538 5 7 AF = 0.0000
I5-355HT B 4 2.6013 0.0832 4 7 AF = 0.0000
5 2.6013 0.0730 4 7 AF = 0.0000
Fitness# % : 0.0000 | RMIF5FE: 0.0294 | P W8 5 : min=4, max=6, mean=4.75
1 8.2197 0.0636 22 AL
653 2 8.2831 0.0823 9 22 AF = 0.0634
3 8.2971 0.1251 7 22 AF = 0.0773
Fitness# J%: 0.0773 | RMIF5EFE: 0.0615 | P HIEE 55 : min=7, max=9, mean=8.00
1 9.3095 0.0390 — 15 AL
2 9.3110 0.0625 9 15 AF = 0.0015
. 3 9.3155 0.0550 10 15 AF = 0.0060
I7-35 19 B 4 93155 0.0398 6 15 AF = 0.0060
5 9.3155 0.0243 6 15 AF = 0.0060

Fitness#/%: 0.0060 | RMIF5/E: 0.0382 | {X W1 & : min=6, max=10, mean=7.75

DUV ES R R 2R S B AR ALY H AR B RS ZE R . A F A% 5 B AR (I Fitness Z2F.
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DREA L GA B BETR THIR FE N 3.0% 2 14.6%,
ARSI TE 10.3%, 3iF 7 ARG 5 5 2 B AR
FRAE 2 B B OB 1) R0 FR s A0 . A L TR 3
4 HA, KG-DREA BRI MERE IR THE 29.0%, Sk
T IR AR X T 7 B TR 0 SRS 1 0 B R b,
TELE X B B B K A9 19 B, HA R R W =
15 157.403 5, 1fi KG-DREA 1N 116.9982.
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WL F DAL R EFETAR DR FEAAWY SELSEHIL KM Tk 15

HEE, ARSCAE 10 IR FAT] R 25 A TR S B rpoxt
WO B R AR AT T VR i, R 4R T
REENE T vh 2 A el AR A 1) BARFR A, BRI
220

(1) ZHRSHEBFAEE: 762 ARRMEEH+,
B 16 56 3 M BUOCEIN 3 AN I U AL i oh, ok
RILT 4 AU BRI AL s AL AR . X L ff B8 H b R
A (Fitness) i NHIL (FHXT 2 7 < 0.8%), HIE H
FRor oo EAEAE B3 2 R I anAE 17 585 1 B B,
5 AT AL E AR AR Y Fitness #5 FE X 9 0.006 O(CHH *t %
F 0.064%), {HICH R B 150 [ A 21 6-10, ~F3 P B
N 7.75, BLWAIX S AE H bRk BUE B LG % R g
SRELT g0 2 FAR K I 4 il 77 =X

Q) ZESRNBELREREE: FHXHEME,
XA AR AR AE RMI Fa br - 230 H B B 141k
7E 15 55 S BB, 5 MR Fitness {8 52 4 M H (BN
2.6013), {H RMI fH % B = 1% 0.0294(M 0.0538 =
0.0832), HHX} 2 Sk 54.7%; 1F 16 5 3 B BL, St fii
558 3 AN RMI 73 511 4 0.0636 F1 0.1251, 5 #&
EHTE D 1.97 4%, X B3I A5 FEOURYE . — H
P B BUE AT R B, 1T BB R B AR
T %, T 2N G H 4L S B2 R, 7870 Ik
7 RMI AL ML A b 1.

323 BR|BMSEBRS T

MR A B 648 B , KG-DREA 76435 10 N5
181 = P HE AR TR 4 B W 350 09 38.50, AH LK GA(42.94)
F LKEA(43.07) 43 5l FEAIK 10.3% F11 10.6%.

R B A 50T IR 2 KR B9 1 KG-DREA 1
LI 7E 1905 HFr%E 500, 8 M EY) b, SFIERERT X
AR U A 13.86, FH 24 TP 8H 418 97.2%
(BT it ¥ 2 A8 i %), £E 11006 H A5 % 500,
10 Mo B b, BT B B 2 5 S0 VR R 79 AR X
SR, PR T A F] 97.8%, T AREL T KG-
DREA 7 52 7 A ik (138 FANME.

3.3 HELSER

N R GVl =0 AL STk, A ST T
EANEIRASR LU B H ST 5Tk (1) KG-DREA-KT
— A RN RS AL, S5O REAN B B o A
HLBI8E 4K (2) KG-DREA-MM—2% ] 3 -9 8§
B 2 BAS RREHLE, SOR PR HE IR AP HE 7 i 3%
(3) KG-DREA-RMI——2%t H RMI & F ALk b, 22
LA T H bR R EUE (RS R B 458 10 AN
ABIMSIZAT 31 K, G5 RT3 5. IRk Seie 45 ]
7R T = AZ LI R AF G DT Rk

RS Z=AROHFIRER SIS R (£88 10 MR E
B, 31 RIRITIBITHIF ISR R BUAME)

HAl KG-DREA KT -MM -RMI
11 3.8028 3.8912 3.8256 3.8312
2 5.6434 5.8234 5.7512 5.7645
13 9.5226 9.8145 9.7423 9.7234
14 18.3216 19.5423 18.9756 18.7834
15 15.4877 16.3912 16.1267 15.9523
16 37.0943 39.6234 38.3156 38.6912
17 26.4619 28.9756 28.3678 27.8123
18 65.2937 71.8567 69.4923 70.2345
19 116.9982 121.3456  118.6234  118.3567
110 86.3838 97.5123 93.8912 94.5834

S  RE — 7.2% 4.7% 3.3%

HHRIEBALE (KT) STk B R, T A 10
S RSP RS R B 7.2%, LA AR KA )
TN (17-110 T % 9.6%—12.8%), 2 W MR BT BX
05 BT W AR L e R 3 0 B B AR R I Sk
sk,

ZEEFEEVLHE MM) TS R 2, PR
TR 4.7%, H 5 0 5 0 SR AR 1 7 /N RUAR )
B (-13) T B2 1.0%-2.2%, 1M 75 K BB ] 75
(18-110) b _ETHE 5.7%8.3%, 3 W /INE S LI 7E K
TR L B 9K (1) 1) 850 R R AT 2007 L AR BB N B — )
AR, dERF 2 K ITH R AR

SRR RIENLH] (RMI) 578k AT, P34
e T B& 3.3%, HAE KB 2 [ B i) 8 (1) R AR
AN . KG-DREA %3 By Br Iz b e A0 i 25 St v
I p A B K 7 BPAT, HARIETE T SLhrifidg
hdrh R BAARNE. B ARRAS T RS I 281k, X
L Y HIAT 2 TH AN € #:7E TC-FCE 4w fi% 7 ]
ST X U HT T R R EPLE). = RMI A T gmhg
RIRNRAR, Jo 3078 50 Bl S 1) A0 38t 35 Wl 3 L
J7 BAEAT A 22 T 1) 5 B B 432 Ja o 3B A T i B /)N
2 H RMI J& 2N 04T min-fitness fif, HoyRk & 1k
PAT W22 5 fil & 7 R E TR, 2B RS
AR RE R B
4 & #

AR SCE I B ASIEA A RIS N Ay B bs o
i B, AR AFN S B 1 2 AT S A A, $87
T SWTA fiff 7 ] [l 5 1 2 A2 45 40, 42 th 56 110
A3 B P 1 B B AR AR (RMIT) LA 52 % i 3 A A
FRE G B A0S 3 PN P J 350 o B S A s T T X
Z 5 DA 58 & 1 1) 58 % D-POWTA 4458 Jf
P T ARG S RS R ) 2 B L E % (KG-
DREA), iP5 B B AR B B PR B /N AE B 4R RF
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MRS —. RALK KXY, KG-DREA 1E4x
10 AN IR B (B b % 24 2 500, B B % 2 2 10)
BRI T X H T E, ARG K 2 bR v I A A
BRG] 3 BRI RR R T 4 A 29.0%- 10.3%
A1 10.6%; WHRLSLIGHE R T HIRIEH . 2B RERA
BRI IE = AN WL 38 DTk 4 5A 7.2%- 4.7%
A 3.3%; 75 R HUBE 2 B B il @ (19, 110) F, KG-
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