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Dynamic weapon-target assignment based on proximal policy
optimization
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(1. School of Automation, Beijing Institute of Technology, Beijing 100081, China; 2. State Key Laboratory of
Autonomous Intelligent Unmanned Systems, Beijing 100081, China)

Abstract: The dynamic sensor-weapon-target assignment (SWTA) problem in modern battlefield environments is
characterized by high dynamism and strong adversariality. Traditional static assignment methods struggle to adapt to
the rapidly evolving battlefield situation due to their low solving efficiency and inadequate environmental adaptability.
To address these challenges, this paper proposes a dynamic SWTA method based on proximal policy optimization
(PPO). By integrating the OODA (observe—orient—decide—act) loop theory, the method constructs realistic sensor
detection probability and weapon kill probability models. Through continuous interaction between the agent and the
environment, the PPO algorithm optimizes the strategy while balancing operational effectiveness and resource
consumption. Experimental results demonstrate that the proposed method achieves superior performance across various
ammo-to-target ratio scenarios, significantly enhancing both resource utilization and overall operational effectiveness.
This study provides an efficient and adaptive intelligent decision-making framework for the dynamic SWTA problem,
advancing the process of command and decision-making, with strong potential for practical application.
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S () BB SH) MRS, B T
TR BB IR 3 B 1 1 ) R, A OR T I SR AR ) AR
SE VEFIWSCSIGE BE . b o, X AR HEAT 3 — Ak 2E,
A RERTE T ISR BUE R v, b T IR SIoE R, 4t
XTSRS 1 e STz A RE T, R IR FE A I 25
TR R BRI B pR BT AL, T 75 MO TR AE T
T2, HAEF PPO 38 ML, 38 ik PR i) 4 I 5% WS 538
R B2, PRI VI ot A2 ) A e, 388 4 DR PN SRR AR
S B T 8 A T I B 2R I R A LR B 1 7 5K,
T A S M R SR

A T T AL 2 STHESE, K SWTA ] i fk
NENFRF R, H T T 5 RSB R EMEGT
WRAS BRI G sR $. 7E LR RE b, @ R B s
SR WS SRR AL, B fR T HIERR IS FRE |
Fo R 2 3] B — AN BE AR R X SE i AR L, N RS E 4
Je 5 SR (1 v 1 BE SRS, AT A U U T B VAR
BAS TS AN SRR AR b B )

3 ZBRWITSERMT
3.1 BALEIVIGSRE

AL F B 3T Actor-Critic [ P 2% 45 ¥, i 1
PPO kAT Hemg Ak, fE N Zrik fE v, SR 2 Tk
TR ms LA FH B AR e ME S WSk . 1 2, X4
AL S B BEAT I — A AR ER, DAY /IS 2 I3 R I8 B
SR frI g2, [R] i X 90 4 an N B EAT 15—k, LRI
ZEEREME. LK, BINTHHIR Fy =099, T
EEEt PN EACTE iRa - 8- YA K SYSEA R B 32
FE 38 G JE 20 A2 5, 48 PPO % BY LI A R PR il 5
YRS FFT D K. Ak, SR Adam fEAE 28 X g
W 28 55 A X 2% iR AT IR ARARAL, FEAE B PPO (1) /MiE
S0 S TG, SR FEERE I 9k 4 MRS IR,
CASE B AR H Al sa.

EF X PPO HE RSB W B, AN SCHE S5
T T % 2] R o3 8 S 5 e W BUE , % B2 5] %
a€{3x107°,3x107* 3 x 107} k&8I S e €
{0.1,0.2,0.5} M i 2 L] B S8 AR 4L S HH &
BITE AR RIWIUG 2640 B A IEAT, DA 3P 3 22 il
oW SR s M AR A% 0 VR AG FR BR . S50 45 R an
4 fis.

1P 4 AT gn, 2 2 30w g 5 BUR S 3R 2D
JAZ, e DAY T a2 2 25 A 2 I 2R AR Bk
BY S K050 B I /N 2 PR SR I T T B, PR ARAR R K
Ry TR 2% RN GATE. 2, 4iA RS I
PERETEAR, HIELL o =3 x 1074, e = 0.2 fE Al
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--a.- alpha=3e-3,clip=0.2
alpha=3e-5,clip=0.2

B2 E/ 107

Rl 540 10°
B4 I I2PRET L

MG, HARIAS B s R 0 (R, e R ik
SR AN R L I AN BT R AR A SRS, B R A
AT DASRAS B (1) R ALl (R Y 2% g D S i
WJah 22 mT L, 35220 7E 4 000 S22 H B
FRaE, 1X 3R IH M R 2% CLIE AU, SR I % 7 H
BEMLER 2R 5 171 2R . RS RS BT, (B A7
TEVE S, F LR T IRERENLIE, Q15 3 5 A n] 8 b
I, MM 22 8. Bhah, 4R & X400 % B 5
AL Hod PRy = 0.99, #EkCR/INR 32,
AN H (8] B KB BUN 100. PPO B 8 2 50k
B 1 P,

#=1 PPOEERSHIEE

ZH L=

PrE T 0.99

PPOEKHI Z e 0.2

B R 3x10°*
FAZ B AR KB 100
LKA 32
etk ss Adam
3.2 XFHsER

REE P 3 H 3E T PPO [ 8 4% B A% - 1A% - B
Frar BC L A v, Wik S MR R #2455 B bR
Et {5 (ammo-to-target ratio, ATR) 3% 5%, 7 7l A 1.0,
1.2 1.5, 1.8 M1 2.0, 7 i BT Bt = 2 B8 78 A2 (1 2 il
Wyst. LA R oCas . P AL IR AS . WA H AR 2s 4, 12
3 Pl T IR IIRE 26 S84 58 R B A ME 2 40 A
WE 5 ~ B 7 Fros. 8 17— xf B A RE, A0
THE X S, A

1) Random: 1% HyELE BRIR LSRN, DRI AT 4%
TR - 2H A B AR ORI R B MR B — R BN 1E,
TPl R AETC S IR AR S T B AL B e

2) BT AR MR IE B Kk K EE (knowledge-
based constructive heuristic, KCH)"™: i% 75 ¥ LA £ %%

100 0.96
80 |
.
g 60 | ‘ g‘
i~ g 0.48 =
~ 40 =
ReaiN
20 | 0.24
0 : : - : 0
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(a) AL 0-HFrzEM4
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£ 60} o
4
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(c) mRESEA1-HFrIEMA
100 0.96
80 0.72
£ 60 o
= 0.48
B
20 :“l 0.24
0 0

x/km
(d) REBMI-HARRAB
Es5 AREBHZFIAERE BIrSAERS

SR 30 35 4 I RTINS 3l A K B0 2 BE 7 5%, E 6 PR
AL AT AT, B T sk Z A SRR, RS AR
RGN RE A PR,

3) GAM™: B AR 24 i AT A A ik A 5 R s
U8, L RATIR 7y BE D5 SEPPRE, B I e A2 SO S
S AL BB ACREAL, B 2 8 B T e v A
FIOxS L (73 BC 5 S8 AR R4 2R

4) PSOM™: SR RS 214 i vl A4 g 2 15 2% 9%
IR, BERLRI ARG — AR Ros T RER) 70 BL T 56, A
RLF AR A 5 AR iR (U7 B S HOIRAS, S &L
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(c) FRIRARAA-HArKR A x/km
100 0,06 (€) BRI |+ f B 1 b2 A 5
i ' 100 =
80 0.72 027 3
£ 60} ' b 80 B
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Fle REIEME R TR AR BAR RN R 5 () RARBI+ERBRDI-HiRRUB

4 Ry B M0 L PR TR I () 7 RAE R S 5 R
5) DQNPT: i il i 2. fL iR Bs 5 A
PR A, MERIRSTNE O M, FitH % s
1 O 1, &+ O KIS BAEARE LR
REUES LR e M S SR PE, TEAF I ATR
BT X RN EE 2 R 50 Mg s, BEFhg s fE
JEEE BN H bR 37 S A AR B ATL A A, R
fEER (R 45 52 R ) il (AR R B Fig 17 i
B (AN ik T s 247 55 45 o 1) A FH BN, BN 37 53¢
) S 56 45 SR oMy SR AR AT R OR, Ik 2 ~ 3R

E7 RBEARSFZHKEHRSM

6 7.

S 25 TR B, A SO ) PPO BVEFEAN[H]
HZG H bR b T R0 AR B AR E e 7R BE
TR E R Z (375 (ATR = 1.0) 1, Frf HiEEERY
NZE, {H PPO HIE 3R AS 0 3 22 i B 2 2 v T
Aot b B2, 3 B AR ™ SRR 29 R TS R Al B
B HR, SEIE v A B4 Ak e

R PEE 5 (ATR = 1.2, 1.5) 1, PPO H.3%
TE JH 22 0 357 22 Jah 4B 95 5 T 348 T BT A 0 b Vs,
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A

I W%

£ TR R e A R S B AR 927

T2 AFREEEAE ATR = 1.0 FHIMEEXTEL

Hik MR /% IME YA £ AR 7E)

IZATHT[E)/s

Random 0 —11220.1728+11896.9925
KCH 0 —7363.9976+7838.9726
GA 0 —6528.2212+7890.1517
PSO 0 —6853.8251+£7764.6513
DQN 0 —6254.7516+£6240.6851
PPO 0 —5074.6468+5775.3287

0.007240.0057

0.0049+0.0037

1.6806+0.9318

1.582940.8415

0.512440.3448

0.186240.2096

#3  TREIEZEAE ATR = 1.2 THIMEEXTEL

IBATHY [E)/s

Bk MER% REEEARER)
Random 02500  —9742.7832+410133.5652
KCH 0 —7578.1956£8022.5144

GA 0 —6478.3717+7806.1357

PSO 3.1250 —7123.00624+7797.8800

DQN 0 —6118.6445+7133.5887

PPO 3.1250 —5789.50741+6735.4704

0.0071+0.0050

0.0046+0.0033

2.1833+1.5678

2.0509+1.5311

1.3668+0.563 1

0.2338+0.2263

F=4 AEEEE ATR = 1.5 THIMEEXTLE

Sk JHE=/% B (AE bR AEZE)

AT Al/s

Random 15.1515 —6221.3273+£5779.7198

KCH 9.0909 —4717.0414+5737.9165
GA 12.1212  -3073.4914+3413.6015
PSO 18.1818  —3786.9229+4677.4333
DQN 21.2121 —3177.8533+4155.6889

PPO 27.2727  —2561.4540+3853.4781

0.00984-0.0066

0.00674-0.0050

3.086442.2005

2.8582+2.1117

1.7112+1.8781

0.61094-0.6467

=5 AEEEE ATR = 1.8 THIMEEXTLEE

CA7N /% B (AE £ FrAEZE)

BATI[)/s

Random  34.4827  —3191.10784-3886.2820

KCH 20.6896  —3507.9056+4067.1703
GA 17.2413  —2615.7234+4086.6076
PSO 27.5862  —2224.7589+3530.1961
DQN 42.8874  —1688.4923+2477.5456

PPO 62.0689 —586.2856+1240.2522

0.0086+0.0063

0.0060+0.0047

8.174047.1355

7.983947.0597

2.3348+2.6447

0.7382+0.7702

6 TFEEEE ATR=2.0 THIMEEXTEL

Sk HEZ%  RIMEGIE EhRiER)

IEATIN A /s

Random  27.5862  —2901.4234+4120.1801

KCH 413793  —1457.1858+3036.2538
GA 55.1724  —1007.3281+2016.2758
PSO 44.8275 —869.5423+1464.2832
DQN 63.2774 —733.6448+1244.6642

PPO 72.4137 —390.4540+743.3363

0.010340.0079

0.0073+0.0059

11.048249.9802

12.9499+8.0757

2.8332+2.8874

1.0046+1.2594

B SRS AT I 8] 2 S iR 7R R, R AR BRI
S SO AT DR R ) R SR R0 5 B R FH e
ERBEHR DR LM R (ATR = 1.8, 2.0) H,
PPO SHLIEAE Mk 28 5 2 Jah {19 7 T 4% 23R 30 B AR
#, R H R TE 2 507 50 BUS R, A0 R AR e
IER=0 R i

BeAh, Wit 5 i ATR(E S 4 F0 H A5 %0 (H An 3L
435N 64 204 30 A1 50), XF v 20 FpELF, K 7 B
T ANFEZ 5 T B Wilcoxon BRI 56 45 5, 124656
TPl PPO 5325 HAth T 4E 5% S KPR
MR ZE R R B RA G RN, p ERREF K
SR LS SR ) 2w = MR, o BN
p 182 X AR B A S RHIE S B 5. SB35 RS ) T4
RNESRBRAEGIBEN, Hh “Yes»d REZER
BE, “No" REEF AL Z. hswi s Jora,
PPO HIAAE K 2 Bk 5 rp BRI AR F 5 LSk
(R R, AR il R CE AR T B ) 37 st rh AR 3 B
FEAT 55 MEFE 30, PPO S92 AL 34 B i vk 55, (AT
TREFE S 7). R K FE Y o, PPO Sk 546 GuiAk
R R B R, RTER LR %R T, /%
Gt )7k e R Bk . i A R B RAE T
PPO HyEfEZF ATR 355 R4, RIIHAET
=7 PPOEZESH M558 Wilcoxon B IR

(p EREZEM)
HHl  Random KCH GA PSO DQN
1 0.1094/Yes 0.0391/No 0.8438/No 0.0234/Yes 0.6388/No

2 0.0156/Yes 0.0156/Yes 0.0781/Yes 0.0156/Yes 0.0844/Yes
3 0.0078/Yes 0.0078/Yes 0.0547/Yes 0.0156/Yes 0.0547/Yes
4 0.0156/Yes 0.0156/Yes 0.0781/Yes 0.0156/Yes 0.0156/Yes
5 0.5625/No  0.0312/Yes 0.0625/No

0.6875/No  0.0334/Yes

6  0.0078/Yes 0.0117/Yes 0.0078/Yes 0.0117/Yes 0.0117/Yes

7 0.0020/Yes 0.0059/Yes 0.2324/No 0.0098/Yes 0.0084/Yes
8 0.0078/Yes 0.0469/Yes 0.3750/No 0.1562/No  0.248 8/No
9 0.6875/No  0.0781/No  0.0469/Yes 0.2969/No  0.8774/No
10 0.0078/Yes 0.0039/Yes 0.1641/No 0.0078/Yes 0.1641/No

11 0.0059/Yes 0.0059/Yes 0.0371/Yes 0.0098/Yes 0.0087/Yes

12 0.0156/Yes 0.0469/Yes 0.8125/No 0.3750/No  0.1641/No
13 0.6875/No  0.4375/No  0.0938/No 0.3125/No  0.0156/Yes
14 0.0125/Yes 0.0781/Yes 0.1562/No 0.0312/Yes 0.0312/Yes

15 0.0078/Yes 0.0156/Yes 0.0547/Yes 0.7422/No 0.0547/Yes

16  0.0078/Yes 0.0078/Yes 0.0078/Yes 0.0781/Yes 0.0078/Yes

17 0.0312/Yes 0.1562/No 0.2188/No 0.1562/No  0.1562/No
18 0.0078/Yes 0.5781/No 0.8125/No  0.6875/No  0.633 1/No
19  0.0234/Yes 0.0234/Yes 0.7422/No 0.1484/No  0.1573/No

20 0.0156/Yes 0.0547/Yes 0.0148/Yes 0.0781/Yes 0.0312/Yes
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A4 3T PPO I Rl R SRAE SR /E £
T 24 H bR EL 3 5T B R B AU e, 2 i LT
R B AR QR T g 1. AR TR AR i 2
FER BTN BN RARE, EAMRE A
E U2 O, IRl S 2 AT SR 2 R R AT 5, AR
T 3 SE 37 5 v BE BN A5 1, 4 R de (I JF AN S5 [R] T4
AR ZN I B e L. A 58 OODA
8 A A W B0 - 2R SR -PHAT -2 30, AR TR SN AR
I 2 HT OB A F U 2 B PSR, TR R A R A
2 11 22U, AN Wi B D0 S, 2 RKam LR
ARG 0 1) B I B SR, LBl A MR | i B AR AE
ANTE ATR 355 T REORIFAGE o ML RE AR A J5L A
4 4 ®

A SCEE X B A SO IR T A% RS- AR H AR
C I A () i S A P RS PR R, SR T — R AT
A i SR DIE A P B RE DR SRAE SR %77 154 OODA 78
AR R SR ST R AR, I8 RE R 5 0T 1
MR R8s TSR DR mS B B0, BT T &
GEAE BN PUARAT T R SR S A A B A FH R
SIS IR, ASCOTVEEZ M HiRtL 5T
BRI AL R G PR RE. 12 2 Fh B s RS2 R L 57
P& AN BRI TS AR KI5 R, PPO SLATE IR M2
Jil A S0 BE B, 2R WY T R AF Iz AL B
ANFE .

AW FAAFAE— 8 SR E, EEAHE: E T
AT AR RER RN GE N 2 2 155, AFRERR T2
[ ()38 5 A 38 I i, DA K 3h 2 st i S RE A IR P
SRR 8 B L. R SR R RIE S A K 8 LR 7 T
JeIt: &SI N2 B R B[R] S5 0 HUHL], 358 R 4t
FE AT SRS 2 T SR, R ALY
5 s S HOR, ST RLAE R R 37 R 5 o
PROZEE B BE )5 =R R R BB 45 S SRR T
i )53, LA R I Gt S B TT I SE B R K.
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