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sional evaluation model was proposed. First, a composite evaluation system that incorporated four
dimensions, namely missile damage probability, defense and interception probability, offensive
and defensive efficiency advantages, and space situation advantages, was constructed. Second, in
response to the requirements of anti—ship operations, a mission decision—-making model was estab-
lished with the target damage probability and threat degree as optimization goals. The genetic al-
gorithm—-based particle swarm optimization (GAPSO), which was suitable for single-wave and
multi-wave coordinated strikes, was used to optimize firepower allocation. The performance of
traditional algorithms was improved through dynamic threat assessment, adaptive weight adjust-
ment, and a global optimal solution protection strategy. Finally, the algorithm was validated us-
ing a typical naval battlefield scenario as an example. The results show that GAPSO significantly
reduces the target threat degree, with a maximum reduction of 56.92% for single waves—40.63%
higher than that of traditional methods, demonstrating the applicability of the composite evalua-
tion system in complex battlefield situations. In multi—wave attacks, the threat degree reduction
multiple gradually increases, and the unit iterative efficiency increases by 3.9 times. The solution
quality increases by 15.12% in dispersed situations, indicating good adaptability and resilience
mechanism to environmental degradation. Across three waves, the total threat reduction rate
reaches 87.47%, unit missile efficiency increases by 41.08%, and the decision-making time of a
single wave is not more than 1.55s, meeting real-time requirements. The effectiveness of the in-
telligent decision—making method for hypersonic missile collaborative operations is validated.

KEYWORDS: cluster intelligent decision—-making; combat effectiveness evaluation; heuristic fu-

sion algorithm; hypersonic cruise missile; multiple wave attack

PR R A 0 e P g oK H 2538 1T,
1 48 5 5 5 7 B 1 AE e i B 28 R Ge i e i T T I
FRURPR I e R K S B ST 2O B R
1o 2 B RV ML BN M SRR A, AT A RS e IR B
AR R, SEEX R E AR BRSBTS SR
SR I BT Y R R A T A AT A AR T 2
TR A, H WK B A RCRE P AN AR R R 2
52 2% R b 0 B v ) DR SREAIL AR 3 DL R S e e 5
CEWARS

AR, X BB L AR i [ 4 ) e 5 R Ak
R ESG T B EHL, IFEEREE, 0
AP P8RS L Bl PR 5 24 O A5
Nz Y, 2 s AT 55 PSR B RO AE T
DR BE DA RRACRE PR AN A L B RO A 4
T2 Ry B ik 1 i 25 o N SE BERCRE VT Al 7 %
AR MAE AR Z R R, M TR
Jo N AEBE U R R VT AG AT 5 PIVIG A5 T B X AN
W AT B Jo N BEAE BRORCRE TP Ak ), 42
FEFAE BT BT B TC N S BRSO RE VA T
BEXT L FXTPL . A T DL R A R 3 R AR A
K REAR B 2R, X S T DL R S
RO WA RGBSR TR IR R . LU

WA O v M JC N AR R R AT T ALRE R A
{ELZ gl /b Xk FAR 9 PG AL AR 805 1 %5 )8 .
7 B A R T A RO JUAT 2 3L BOPLAE T Kk
PR R, R TR AR s S S A R
PR FEVLERFH RIS AT SR
SORPERE MR IN R, S 1A UL R R
A b F 5 3 S A R B PR A0 25 T A Y LA 2
0L, AHOR 5 R H Aw B A7 22 5 3 ARG 16
i BRTIR, BUA B TAE R RRE VAL S R 2 e
Wb AT RGER G DT A A AE I A . — RS
IR 32 AR JRRE [ AT RO AT IR AL, R BEE AL
IR BN BRI RE S W S & R
A ITE MBI SH 0, Bz 5 15% SRR [ A
B AT LS & FOOCIITAL o PG, ASCTEfE St
HEZE EBEAT YR, MRl Bt R . B
AR BB AL RE A S =S ) A L A 2 4e 2 &
AR R BIARBIE AT 3L, 7R i 2%
ENVES S S SIE A2 i e IISENIh g AL T S
2% (T A RE VA 4 BRT B HE S 55 T ik S04

e 48 25 25 3 BRSCRE PP A HE 20 AT AR A B
REPPAL P2 Bt TR RINE S, HoA Sl e, Em s
AR S F bR L RSO L AR X



66 KA T AR AR

039 B 6

190 R B R A D T B — s 22 S . AR ERSTAROR
TIZMEZR IS T HRBR, H e AL R By e TR
AL . MEBOT B IEAG AR | G L
] 25 S HEAT U PP A, LATRFME Ge A BT 3l 25 %
Y5385 H b SOSRE S N R BB, e A
GEA TR R T5 F AR A 5 Y R, R
L T o o P S A AR 2 o B BRI 0 K RE
AR

1 SH-EHRERMNETL

S AR L RS I TR, iR T
SRR ) ) RS ME N s 3, F
JEE AR E R GE . A XME 55 PR S v J2 )
Aok AL & BB AR /S H R 3 A 22 55
), W2 T3 1 2e R R B 2 B8O T A48
e ik, HATE BRI, AR R

D R R EAE N, 2SR

2) HEHENV;

3) GfFEE M, TR,

BT BB R AW T EA, f#ariadhe
b

x; = v; cos B cos @;

¥i = v, cos 0, sin @; (DO

zi =v;sin 0,
A din g 2N R IRTE AR R R AL
EAAR; o B IR R TEE IAS s 0.
M AU A 5 @, 5 MO SR BT IR A

2 XigthEMES MBI AR R

HR A SCHR [10-12] oo 3L F LA 25 34506 2 19 a0y
VEA T3, X SCHk [13] v i 22 AT 48 1E 8 i A
AU TG S 4 e, wl S o o [ i H AR AT
I VE BB RE TEAL 1A R o
2.1 SEIERMBEIT R

FEEZ B K NITE . AR B lsh
DL RS B S R0 Re 1Y, S G B BE AR B AR
AN SRAE T, SRR () FrR B aLRE AR
RIS A R T S % Sk [14] 19 071
WG T R AR AEREIE, SR HE R ik i e
I A HUE 5 AR ]

C=1-(F -k +M-k+P-ky) &)

K. IHERBZFRREST; F o ifny kK 14T 4L
RE; M A SHMHLETE; PR FIAY R B
ki koo ks IBCE REL
IR ER AR
I=a-S+a-Q (3
Kb SOMEIREEF B 3CHFRE ST, BARR R h B
B TR R | AR AEIR | A ST B0 O B B AR
W) HARE BOREBE ;. Q ol [E A B ae 7y, 48
S A SS9k (MFEIE ., 50 BN
SR RGT IR FE S BN SR a el
D&Y
SHIHAERB AN
S=bi-w+by-V4+bs-T 4
s w B S5 R B 1 TUAL 5 S PR 0 A 22 R
B, alEAR IS H AR SR 5 B9 HAREUE =
H5 B S BRI A VBT B FRRE R 1
fli 5EPr A 22 R IE W) SR, Al AT bR R
WU MR ok Ak 7o Hbs B BLI 20 ) FuA 5
SEPRAHZETREL ; biy by by MALEH REL
M BARS T RO
M=¢&¢-B (5)
Kb e WP ERERE; BRI IES
B, AIRIRHA
B=di-w+dr-n,+ds T, +ds-Vo+ds-S, (6)
Kb o BB RS MR o, MK
R fe st 4 TOoNMEE L V. MR K AT Sk
B So MK EFRIIE; di~ds ¥R
HEM, Hrh, GEREBERABIEYRE T %
Sk [14]
22 SHEMEE TS
Sk A iff B AIE R R PR S SO B R B & R G
FRPENT, RS B AR A AL Uy

P=P,-(1—Py) 7
Kb P oA ThORTEEAE R Py B R S A
RS BEAE R
P, Al KR
P.=w-Ci+w: G, +ws-D, (8)

e COEIREHR AR 6o o] SR

D, B R Em e, AT AR E AR A R 22 AR EL
Pyl RN

Pi=ws - W.+ ws- I, D)

b WP R G ARRE T, XN RLOS B A

SRAGSSRE . R EBESEEREIREG LB RS



2025 4

fREEDY, 4. FETZUEIPABIALM

RED AT 1% 67

PR EE T P IR 0 BR RS B L e SO ]
wi~ws NFLE R A
2.3 MRARERK BRI

Z:7% SCHK [19-207 (4 7K 1 A A 25 & F B g 137
R, 45 0 KT A B 255 MR RRRE T € 2254
55 PO %) A B R A X 2 A R BB T 2 S D i
RN

C,=F,-B, (10
Kfe PO 25 AR AR T 5 B oA AT S A
.
F, A RRH
Fy,=R.-E-H-(D + Py (1D

X ROWMB T AXT WM 188, & 7T
IR PRIEE B . 2 HAR b BERE J) L B 4 i fE
ﬁ;Eﬁ%?& ENAREL, LA THTFZE. B
T PLERGRYERE; H ARG I8%8G Dl
Biizs SRR BE I Pe 8k, ZEA TIAS S o SR
S, 2 BRI POl SRR A A i g
THEEL, LR TIE B M ST . RO I i) 5

B, W RN

B,=X-hi +K-hs+W-h; (12>

b XA ERAIERE S, Wl EE EAR . ARk
S5 KOMMLAR e DRt i A A 1 e RO L At
S WO AR, PR KR P A Rk
B R AR EAAT T R by hay hs R
SYBCALEE o 256 4R BUR R 24 5k U5 T SCiik [20] .
24 SR RAGEEY E R

P TH  S AE BE USR AT o R A% 0 2 Ak
F IR A8 S IR 53 M v E 3h A U VAR B, S L
Ak H PR AE SR 48 bR S S G I 2R B R
52 B v U AR A S AT o R R K O T &
SRS A LT R B 1R, Ho, BoATR TS
S5 RONEOTI s Vi, B0 Ve 5 54 BRI B AR
R T50IM 1) 3R B2 R 5 Dy oA BRI AR B AR R, 0
I B B RN s ey RO IS R 5 RO 5

B 2 (6] % L AR T 10 B Je £ 5 e MR TT 5 B,

SRS A R, 22 1) 3% 2 FOARAR 7 1) 19 2 £

Vs

V.

(XB, Yﬁ)

(Xa, Yr)

1 {ERNMES
Fig.1 Combat geometry state

WRY. RY. Ry Ry 43 3R H AR x5 8 i B
B RO L R S A R kR
B YN
1, Di < Ru
Di — Rux
Tw — R’
0, D> T
K R AN FIMASAIERER; Tk BFr i
RAEHIHE B .

I bt 3 1) 13 O 34 R B Ry T 2R Ay

Ry = (o)), (14)
A e WEW IR T H TR EERES
HHMLIMMBELE, A LR ERE, A
GIB=R L W AL 6 2

ﬁ?ﬁﬁmwaﬁﬁﬁ@/ CE Vi
FEAH L 2R, I, A CH Froxd R 5 gy
FELH R Ny

Rj[,)f’ = 1— R < Dﬁ < T.x (13)

Rl =
0.9 +0.1, | Vs | <6Ma
30( ‘ V,,L‘ -5.936)- 1.7
1+e
3| V|
l—m, 6Ma§|VB,|§12Ma
0.1, | Vi| > 12Ma
(15

H br XS 5518 3 BE P B pREICRMG AN K] 2 T 7
10775, 700
0.9
0.8f
0.7
=06

Q: 0.5t
0.4}
0.3 Riv ¥ 2k !
0.2t X4y FELk (15,0.10
0.1+|_€(6 Ma, 12 Ma) (12,0.10)Y

12 Is

6 9
‘ VB:‘ /Ma
2 BERNSHEMREERG RS
Fig. 2 Function of the target’ s speed advantage over

the missile

bR X 5 35 B0 VR SO RE 3 R 7T R

0, C,/C: <03
025 03<¢(,/C, <1
R =14 0.5, C,/Ci=1 (16)
0.75, 1<cC,/C.<1.5
1.0, 1.5< C,/C




68 KT TR R4

55 39 &4 6 U]

P S 0T 5 bR ) B PEAG HE BE R A
RY RY RjY Rf
; Ry R¥ RF Ry
R=[RMu=| 77 7 ap
Ry R R R
kE={1,2,34}i={1,2, -, M}
Be T A SR R THAE B bR U 1Y J7 25 40 BR
mr,
Stepl 143 5 5Ll by J32 S 1
R =[R"] s =[RVRDR R (19
A RIS HAREE S RN HAR R 1
KABERHE S RN B R EC R BB R
i H bR B i KAE SRR L. LR Syt , R
R =max (R, i=1,2, -+, M},
Step2 {15 JC I i A 4
FESEAT B BE AT isE, XA A HARBEE &
A JBUE bR 5 58 kA S LS bR 22 ) Y DGR B ),
RN
min | RY — R} | + max | R — R} ‘
Wit = — b A,
|R\” =R} | + max|R" — R/|
KB FE M wi = w0l ] wxao
Step3  H w1 @i
TEARTT S A B AR 0 S B w,i J, AR 15 )
A5 FCACEE , 11 H bR R X 3R 7 S 50 B B
B4y B WCE L=[1 L s L), W HH5 R =
LRY + LRP 4+ LRY + LR,

3 BARITEMHE

3.1 SBREHMAKTREFEHE

IR o)y, oy BRI T,
6% v A MM Dy S s Rl s NS T B b
WL I AB={B,i=12 M}, B.ERE
IS, W HBMR={R,j=12 N}, R,
TR A . B G R BXT R, Y 2
FE. RY R B WRIE . RY - [[(1—BD %

IR — W MR Bk 5 BOA R, 0 T A% L0 . Q3%
BT ATRERY P BT 58, R Hop—F B AR Y
SH-A W T R, E (7)) RARTEZM I 5
LAY bR D7 T 5 A B L BT R A Y
b pR8CE el i A 2y BE 07 %8, (80T H A x

IRy 1 WA Z5 G SR B R 2 A I, D
E ()= min iil{}? . ﬁ(l—B}ﬁ‘)X" Q0

Kb X AR M8, HIBUE N
1, B; Wifi R,
’{a&%ﬁ%&

32 BRAXSBERNEHERREELRIT

WAL R FIR &8 1k (genetic algorithm-based
partide swarm optimization, GAPSO) Z5& GA 4
JA R PSO A& B L, HAEOTE T3 TF
T S50 PR 2 S A R B B, X — [ A&
BLHI BB A UK AME 58 PSO B &S HUM A 2, 5
WA JmIRR 5 RIS e, WERAR
BrERE . HERBAh

2D

(225

A LHEBAEERERPX AL KREKE; 2
Fr AR F TS d 4E AR BRI ME s m. n 3 il
RLFHER) KNGS 5 i N KT TR 5 d 4k 2k
Frog®oE . i (22) WAL, YRR RE S E e st
BF, RS i 0.5 AT DL IR 2 A A5 AN o &b T 5 250 X ]
(0.5, 1]z 0|, SCHk[21-241 %8, 24 PSO A E /)
F 0405 B, KFI1205 G, BENEW
B AN
w=D(t)+0.5 (23)

FE AT R BT R R TS, (1
AEAE S A 5 b B 3 55 SR R . R i 1 % 37 30
A BB RN, T R 22 U vk B =
PR T B o AR A SCHR (251 H B9 AL 25 B R 10 558 405
6 KEA B O] HOURE O s AE R e b e e, M UL,
AL AR A B AE MR N 0.9 HEATIHE . B R AT
Ja . BARAESRRE SN

Coi=Cyx (P XP, (24)

s Co R HTR A EOT B AR AR LRE ;
PONBRAFREAS s n 8 A B AR E— sz 2 36
TR R

AL o S A R S A RS H bR A
M, LR Z MR PR D7 R ER PR, mlA
17 BN 5 i PR AL T, e SRR R A 3
e FTULE 1, 20 R T o R 2l o R AR
5 AL o A AR SRR BB AR B S5 R S S50
SAS Y, G S B Al A O AL - H AR



2025 4

REMSOY, 4% T ZAEIPANEOALRO R e s 69

DCPE o B9k T UM AR I Ak AR, JF
AE 2k PR PR T S 9 R S B PR BORE Cy
SR Z PR I R

ZH G

—>  EHSEIE, BEERRiEEE |

v
[ M Hw SRR |
v

| s P E |

BRI AU

| EHRTOE. aE |
v

| surasEme e |
v

| surremsssne |
v

SR TIERE, RER T

ERREA . Ab

v
EET2EN

B3 ZEXEZRE

Fig.3 Flowchart of the multi-wave algorithm
3.3 MWiBHEMESRKREZNE
331 ¥ kirEHEGA

BB P or A 5 0 WO 2 FRAT A8,
25 Fh B 1 0 5 BRI U AT o P ) B SR AT 5 3
B GAPSO B 15 2 MR fif 5 91 13 R B 3 (9 AL e 5
5 GA 5 PSO #EAT XS HE o S 5 A 380 B2 I {EL Oy 8~
10 Ma, fiit o] f BUE >l 0~60° , 2k J3 47T g U
o 8~10, {7 B RFAE S BUE ) 8~10, HLEhHE /1 H
{60 4~6, 5 B BERIUE D 0.5~1, HARE o 30

WA, HARUE M5 -110° | —30° |
IR SR EF LR LR
*1 HIESHRE
Table 1 Algorithm parameter settings

135°,

ZHRE GA PSO GAPSO
AL 30 60 40

XM 90% — —

AR 5K — — —

eSS — 0.8 0.8

P A — 1.494 45 —

2 ST — — 1.494 45

Y FREPACSE T, FA45KESERT 3FE
2100 Y% AR F2E R AT 70 R AYEAREE SR . K4
(b HES (b ATLLE M, TigEEE Dk
BN RHT . GAPSO 5 5 BE 8 47 %K
I ARAS T 2 W B e /N RS . B4 (o) 55
(o) JB/RT GAPSO Bk AR 4L h 4 A 5 73 B o0 A 2
G IR T N O BTl S g VB SO = K o R
N, MR R AR, SR A R P IR R
FE, Bbsl. 2. 345k S92, 3, 7). 4,
5,9, 10}, {1, 6, 8} 4T ; 78 F 9/ H o
MERT, B REAZS R, Hirl.
2.3 Sew3, 5, 6. {1, 2, 4, 7}, {8,
9, 10} AT A X IAT o 07 BLA5 R B 0E T 50k
TEARRWIHR S BT 1 sh 2858 W v 5 A P

2 PP A [ 285 B e o0 T o T R 4 R B A A K
P IR e B G R A i n 2 2 53R 3 R .

R2 2HARASBEESBRITENERSKBENES

Table 2 Changes in residual threat degree pre- and post-
missile strikes in two different states

} Hik
iﬁ e GA  PSO  GAPSO
T ok AT J8 o 6.69 673 6.37
MU nwEmEBE 647 596 577
B EE R BER /Y% 330 11.44 9.42
F1 ik 57 B FE 637  5.99 6.09
A whEmmE 52 se a7

B E T HE/%  18.05  6.18  21.67

ALLE 1, GAPSO 53 W 25 42 4 1 fi 1 Jox
i, EEM AT, AT 5 B E L PSO F1 GA
B4 WA 3.19% 5 10.82%; Z» B A T 4T 5
Je B BE A PSO FT GA B 43 i B A 15.12% 5



70 KT RER 55 39 &4 6 U]

1600 6.8
4 Eﬁzji%é% * < :‘S" N oo ESAOPSO i H
& BT H bR o 6.6f \ \ i i
1200 : | BT — GA 3 ’
Z6A4b N o
= A
-E 800 & VoTEIEIIITY ﬂ% 2 BB &
\>\ ‘_?{ 6.2 Ny U@
7 ey =
400 N 60 '.‘ N e | 2 (-]
2 s ;
5.8 R i
0 400 800 1200 1600 0 10 20 30 40 50 60 7 0 23456728910

Wt SRS S
o P S (0) GAPSOM fesk

B4 ZRENFHHE

Fig. 4 Simulation diagram of the centralized distribution of multiple missiles

1600 6.4

& TS 2 —PSO
25 E b N L AN ~--GAPSO
1200 e T —GA 3 L
o= 5. 8 “r:::_-:‘\--\ ________ \ o
g = 5.6 Voo ‘g“%
Z 8001 & 3 D s
-~ 4 = 5.4 \ v m
B4 < | W
4001F gt & 32 | i
& 2 5.0
&
4.8 | — -
0 400 800 1200 1600 10 20 30 40 50 60 7 0123435678910
x/km AR S
(a) AHKE (b AR (¢) GAPSO#RZFE;F

5 ZRAMSBHE

Fig. 5 Simulation of dispersion distribution of multiple missiles

£33 SHMBERTEESEITEE
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Table 4 Changes in residual threat degree pre- and post-three waves of strikes

(¢) MMM AR
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GA PSO GAPSO

T Al 8.58 7.86 8.70
BIR 15 7.93 6.46 6.34
TREZ/% 7.58 17.81 27.13
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R &R 5.27 4.65 3.84
T REE/% 5.56 15.61 32.28
7 5 A 2.67 2.21 2.53
H=Wx T 2.23 1.85 1.09
TFRER% 16.48 16.29 56.92
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