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Abstract The problem of UAV formation confrontation has always been a hot topic in scientific research,and there are few re-
lated studies on the deployment of UAV group defense. Based on the protection of defensive UAV against common UAV,such as
civil, commercial, reconnaissance, cruise and exploration,the coding and decoding scheme of existing heterogeneous UAV forma-
tion is improved. The fitness function is established from the missile flight distance and the safety of unarmed drones,and the ge-
netic algorithm is used to optimize the defense formation of the drone. According to the situation of enemy UAV of different sizes
and various formations, the formation of our UAV is optimized. The solution results show that the genetic algorithm can converge
to the optimal value in different enemy formations at a high speed within 30 iterations,and the corresponding optimized formation
is given. Finally.by evaluating the probability effect and drawing the loss curve of five combat situations,it can be seen that the
defense deployment strategy designed in this paper is effective. The maximum loss quantity of our UAVs is 6, minimum loss
quantity is 0,average loss quantity is 3,and average loss rate is 18. 75%. This method is of great significance for the research of
UAYV group defense deployment.

Keywords Genetic algorithm,Formation optimizationm, Multi-agent,Swarm defense deployment,Battle damage assessment
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Fig. 2 UAYV formation configuration coding process

MIEL 2 T LA o A 5 A SR S AR 4 < B — A A
JE Xof A BATE gt T 47 ik 1 LA 7 45 — 4> & AR 2k BA BT B4
XA B 5 B AR o X g — A S 2 BA BAJE R AT AR A L LU S

R CHLA B AR bR L . BRSEHLE AR .

CO T EEAS B A 2 BAAY Ja 30 A2 b B 45— 4> DU AL 25 BA 5
MR T B AR R T AR BOE PG AR 'ﬁJJTJ?'EE
IR 45 TC AL 2 18] B BE 5 OC 22 TH 58 i1 I I 2 AL v 4 — 42
PNGIN:E R Ty A Eﬁtﬂ%%ﬂﬁ’r*ﬁ@ﬁﬂﬁ}\m#J*ﬁ%ﬁﬁ%%ﬂ%
4200 m, U 4 Fif BASE ) AR KR AN AL 3 BT .

s H
| N
R e Yo% S - -—-—*;-4~————>
| P
Ca) 3% B BN I (b) U #5 BAIE
A A
i ]
4
S }
--------- o --—---—--—:-%:—---—--—-b
A A 4
| A
Co) # 1 BAJE () DY AL B i BATE

[ 3 4 Fof A G BA 119 Jmy 3 A A 43 A7 17 B
Fig. 3 Local coordinate distribution of four basic formations
XT?%*/\JTKM%,W%TEE%@M‘?F e 1% NE AT
BRHLZ I8 & 1 B e KBS L B AR S o W
E ﬂ':f%‘fﬂﬁj}ﬂﬁﬁﬁlz@ v 5 I B R EE RS VBB B2 L,

()T BB v s A R < 45 1 A3 b BE AR BAJE 19 Jmy 18 A
PR A TE IS A F BB I b A AR i IR R

X, =X, +(L+0.5L) D

Y, =Y, = (W+0.5W,) (2)

Ho X PRY 53 i R 8 0 A F BB o0 i 9 A A B R
ARAR s XY, 20 B R R B 0 A1 BAJE X I 1R 5L B Sy 0 A2 4 5
LW 3 7R 86 0 AT MBI BEFI9E B L KR 5 i 4
TR X L ACBAIE () B ML o B 2 1) ) H A B BIL B X
T BB . W RIR SR ¢ A>T BATE X I8 A BATE v B B 5
v b 2 8] 0 H A EA LT XS R T BAE 19 98

i i 2D A2 7T LU RE B4 BB B9 O 7R 52 PR

& BABAIE o i) AL B AR AR
()T AT ANLAY AL bR AR5 7 BB ol LR A2
AR AR AR 7] BAJE 4 A8, T LUE 2 T RH 5 2R

A A AR
;=X %L, (3)
=Y, +W, o
o,y F oy 3R RS @ AT BB IG5 38 CHLIW R Ak A
AL FR

C4) B0 7 i A A T8 A HILSE 18 (9 75« 26 A 52 6 A B 2 BA B

TE 5 - 5 ARG HE A 2 45 o B 400 B JE A ML BE 1Y T 45 .

SRR B E — SR R e AN TS T — R 4 N

S0 G o RO TR R Y G AT L 4 S B A S T AL K

— 2H 2 Tt B A5 A % T 1) - 3 R, DA ) A B A R TE A BT
VRS IS =N

3 ENMEHEH

3.1 T AHL4BAE L B iR B A 2

Jﬁuf”“h?_lﬁ@m?u%’g&%rhﬁ IS R
R Al T AR RE 09 0oL i b T T O O R A A Y AR
P o A2 AR R TT AL B A [R] Hp L 35 N BE e KRT LB i O R
it 2 A BATE o iy A AL Xk AR A o A BLIEAT PR 37 A RO JE
A SO By A AL A A 52 T8 HIL A i 43 i) At S a5 2 A 3
JEE ) 465 A eR R

(DX F B EALT 7 AR 55 R 2SN T 2 307 3k
WA TE ML TR, XF T 48 & 19— 2R EL  JE AR TE AL

BT AL 5 A= G B AR 4 FrR . Hob, R 3878 B L
AR AR RS S) RS, 43 i Fe 7R Tl 30422 80 Bl B 2 A
AT AL R IR

L

(1, 11) \
\

NS

AN T
\ (x3,13)
7
/ U \ S5

R /

/’1\ 3 T AN
WIEEAN 4 S

(x2, 12)

B4 Bt eI A
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Fig. 6 Overall process framework of heterogeneous UAV formation defense deployment
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