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Modeling and simulation of cooperative evolution of unmanned
swarms for strategy diversity
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Abstract: Aiming at the diversity of strategy selection of autonomous cooperative simultaneous operation
unit of unmanned swarm, based on scale-free network, the game theory of public goods is introduced to improve
the vision driven mechanism and build the cooperative evolution model of unmanned swarm. Firstly, an
analytical expression for the total effectiveness of cluster combat units is derived theoretically. Then, simulation
analysis is conducted on the impact of changes in various parameters such as profit coefficient, vision level,
number of strategies, and cost on the level of unmanned swarm cooperation under the condition of diversity
strategy selection. Finally, based on this, reasonable suggestions are given to effectively deal with diverse sexual
selection in unmanned swarm operations, providing decision-making support for self-organization and
collaboration of unmanned swarm, and providing theoretical support for the transformation of relevant
theoretical research into practical military applications.

Keywords: strategy diversity; scale-free network; unmanned swarm; cooperative evolution

0 3 = Kl A AR L R 2 B B B

118 R BE A 2 AR A L O NSRS i fh 25 4% 1R

TN B REAL IR R AR R B b BUE T BPATERAL S E 2 e A BRI, T
HEAE RE R NS AL O EOR BT A B FAESOR R SRRSO A TP A A0 R AR T K ) R A R R

WFE HH3:2022 -04-03; fEEEHE:2022-06-17; FLEHEEHMA: 2022-08-11,

0 4% {1 55 H AR 3k - https: // kns. cnki. net/kems/detail /11, 2422, TN, 20220811, 1335. 002, html

E&WMA :ERKEANLHHIR(2018YFC0806900) s F K A AR FBF# B 4 (71901217) 5 v 1 1 )5 B4 £ 42 (2019M663972) ¥ By PR

x BIWAEE.

SIS B, 0], BTN, S e s AR N BB AR R T RT] R TR S FHOR, 2023, 45(9):
2852-2859.

Reference format: XIE Z H, HE M, YU M G, et al. Modeling and simulation of cooperative evolution of unmanned swarms for strategy

diversity[J]. Systems Engineering and Electronics, 2023, 45(9); 2852-2859.



509 1

AR ¢ I 17 SR W 2 B O N B A A R R

+ 2853 -

VERREA TT X BE IR 1 3 e L L 52 R R B A T A AR
LAETWYST ZINAW/IEINCE SR (Ho ) € R SN (R N e
ST AL 9 SR I £ (B

VIR 45 %5 5 A AT 55 D 1) 5 24 1l 7 48 4 07 G 3k it A
ROT 106 N AR TEPRAT AR UL 55 I 1 o 52 4505 L 3 4 B A
F5 M N EERE TR BE AR A A7 AE L T BC R 1) 0158 0T A
G AR LB SO0 A5 By T sz e . D AR AIE 3 B 19 K
Y EATRET) - TS BOT I 8 2 R AT TSR AE
5 o RAGUEEBAT BT 0+ O ol 1 A58 /0N 16 958 20 Bk H A
B AN A58 45 4 L 0k £ 0158 H bRV Lk £ LA 2 A
P X T AL 55 B4 RO L AR A TR R
285 B B B SRR B O s B AR
TE A T Pk 0 A B S 5 24 5 Bl A SO b 2 R /N [
CQRAEET A E 2 A B AR R AR BT S8 AT 5 4
S HATREBE NG AR Z OB AA SR,

((Ho RN S PN i U (o UPv (S S N2 g
AEAE I RNAE R B B RS RBE T o A4 IR 4 A 2 B
PR 3 A S S B O R . TR
il Jab B B TC S 25 A A ] AL, S LA T R AR R
AR A doe KA AR L R 2 TR T AR PR Y AR R R B S

(i
1 ERSMEXRTFFRIRK

TEAF AT BB Be - T BT il T RS 6 B AN ) AR
BT 5] 5 AR L PR [R) A B R B 5T S I A AR AR AR A R
FHAERPMEREE R, Hit. B AERNRE LS
00 255 4% 7 I TR A 0 A 0 I 25 B AR O RR 1 3 T B 2R
P25 REE . R, R BB AL IR 255 Ak P ) 2 AR A g
O 245 A58 R0 5 8 £ 8 R HE 2R 80O BB

Te N Db R 5 L i1 S B T AR BT B Z A
R R A8 HL A% 2 B U A SR I A BE B S B b i B
FE A1 5.5 199 ) 45 VR SR 15 4 B A1 B3R o SR 9 29 A, AR T
JEAECF AT 9 SRS 1 2 R E R B OB . SR EAT SR ms
V1% SEE BT 981 R i R ) 2 BT T OR B SRR AR RO . AT
FE 2 AR AR TR B igp R 8 M K )19 D 1) K A 2 3L
TR — A LA AR R0

Santos 4 N i 45 4 TR BE 9 45 R L BT L 7E
B JE 19 245 b A7 A6 5 AR 8 A 15 B0 #8578 1 190 2% 1) TE A JEE
FidE e B S R B2 5 0 22 IA) ) B4 0 4 i AR L 4
T HL %00 F 3 . Szabo 48 ANNFE IE U 5 % 9 4% BFSE T
A ARG S5 1 2 022 368y 6 18 25 % B B 19
Ze i BT AHAE LG . Wakano 28 A R BUAE [R] — %5 ) 25
b AT AL AT LLAR g o 3R W A TSR R A AR R
Nowak 1B F AL R 2% L BF 98 7 AN Zab &7 4k A1k
7 0 e S 2% O TR 38T T A ST SSOHE 3 R 1 Wi S5 1)
1) 7 S () 45 K B A L OR AR L OB A R R A A A
itk — 25 e B AL E . Hauert™ 1 0 57 4 S0 S 4y &4
IR 51 loner SEME .k BB A 0 b 5 w2 46 0 5 448 0

Jo PRy . Guan 25 AUV % BLTE 25 A) A SE 4 S 2R b,
FAMEFIRNE LR SREAEEAN REH R
A AERIRE ST . Szabo % NP 5] A S i 58 35 1 B2 L kA4~ 1k
WNITTHE 3 SR W o 3R AT 3 L & BB 4 AR G OR I RE 5 4R
SR AR R BE A 4 (R0 00 /)t 5 ) 455 455 700 i
FEit, KB 3 Fh AR S 06 Bk AR e R A, Akcay™t 2
F 00 FI S A A X R w3 R AR 1 S AR I AR AT T
N

B YL L NPl 7 B A Mg B AT R L R
AT AE A T 48 ORUAR 58 4 & 1E S5 TR A R W, 3 HOX 2R R
FoRME L W RER BN SRR . B S
V6] 25 3y it 1 R AT 4 5 A R AR L D 1 IR B A SRR L
BLAETR A B S e v SR T35 2 A A SR 8 BB LA A BE A
AT EAE. Ye S NPT RIS R 43 51K 4 5k 8 19 A4~ 76 #L
¥ 2% Fl BA (Barabasi- Albert) J6 kR B F 2% b (1 & 1 15 00 &
B, 40 b 22 B 7 5 A A 4. Shi & NN R B, 1E S 3t
Y IR B TR R A A R e 2 A R
P S WA RE I B AR KT 7 A B R ) e A A AR A A S
Wy A RS AR B AE R R B A R K . s b, b
HCKAE T e P BT T R R K I L BAET b e
MR AR B 4 R AN 45 DR R R 4% g IR ARG T
SEBEAE R B A RALH R A PRk .

SCik[42 - 47X B NERE S R EIT T AR,
FR 7 7 R 0N B8 B 5 AVE T8 A 10 S ok I A o R AR AT
FETEWG S5 R — 3T T N RE A R B 55 vh 30 4 1 o
T A BRI A STBER T, o 5 T2 () 45 # ol T~ 1 20
AR 0 PO T 9 1 R R R o R TG N SR B T 4 A R
i 2L f) e i B M EL 2 O B A ek A SO a7
TCAT B 28 BT 3% T NS B 1 B AL AL L 36 T A 28
TSR HE S, R I S 3K S WL AT 0 N S A 1 T
AR AT, 38 2o B 4l 5 R 07 43 AT 2 R Ak O s 3 B R
SRR AR, S B E SR BE Y B 4 4 4R 4
PSR R

2 HEEE

PR NER B EARGUR ZIRF R Ty =
(] 45 44 P9 1 A SR SRV B AR SRR T e — R A E
3 [ i B R AR 11 e R KR LS o v A T 0 JE 4
ANVETT G . PG B 5 40 7E 25 [0 45 4 9 19 JE N B 6 A g
T3 s BT R fiR T AAE RATT 22 011 T 455 A A AR B B T
22 [ 1 B 5 W AL o ) R (] A
2.1 THREMKHE

TN SEBEAE PATAE AT 55 B B T B0k Lo 3 g ok, A 1
RS A B BTN B o NP B SO R TR RN =
AR IX B R R 3 A N ER AR 38 L Bk M 4544
&L R R R E SR AU B HE MR EREN, %
FEBNME RIS HE K R R M4 2 K EH . RIEEF A5
K TOhR B S WG R T N SE R S VRS ARAT S R A 4Rt T



+ 2854 -

AR LS HETHA

%45 &

B 14 2 ) A2 i
Tobr B o 45 R S A £ 0 45 R P — BE L BE K BT 1
AR ST B 5 1 I B, RO U T LR AR O ik
A omg A AT UG B AL AR 8 4% L T ] (Y 3
K AE A I A 25 P AL I — A B m n<m,) 5311
AR, XEGHFEEZNE. B Es -4
CA&AFTEM A EH RS AL I, S /Y BE b, FIAKE

W57 LA
k;

Dk
Korfe D0 ke Jo ek BERT A IF i A 0B 1 3R AL A
ERTANE 1 TR,

A=

(D

Bl1 Jos B 46 A5 R R A

Schematic diagram of scale-free network mode
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Fig. 2 Influence of return coefficient on combat swarms capability
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Fig. 3 Influence of selection intensity on combat swarms capability
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Fig. 4 Impact of vision level on combat swarms capability
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