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Fig. 3 Smooth paired potential based on the force function
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Fig. 4 UAV cluster at different times

2 ETEEXEZENRAMEREMRL

21 HEXEX

R 2 V2 M R S A MR ) R i,
PR 2 o 5 T ] [ P45 b ) Jl W DX B [ s A ) A6
BN AR 3 R R o, (8 TC A BV AR 7 ) ik —
BB 5 5 TC AN UR S L5 U X L H bR S &
KA, IFAE N — B[] A BA R e A & IR
HURTHR A5 B AR — B ) S A A SE
R I HGE B bR .

I NMUAEREE AR XI5 AT 8 AT —
AR B R A 1) P A B B s E AR R AR 5 R R
AT A HEFF B, ST AN T3S A&
FINEDW, 25 G Pl . PSR SRR -

v(d,)=-VF,(d,) (9)



—t

56 www . kjdb.org

NS48 2019,37(13)

v(d)=Y ~VF(d) (10)
KR T IRAMLIZES RS v, 5225 VEH F.1
KR, H S0 B 3] H AR S R d, 000 55 (10)
v, JE AL HETT SRS o, 2 25 S DX Sl % FEHE T 3 3 7
[ £ A, A XSRS HEFVE F F, Bl S A7 5 80 i X
SO IR S 4 e s VIIRSRBREE , = Rk it Al
FF TR R vk ARG S T 337367 JE AL
FRITH R o ] AR N
v=a°v,,(dg)+,3°v,(d,) (11)
X, o F1 B4 ISR 7E 5 | BE FNHE R B A AE 51 7 1R
FE TR X TC ML SRR
Horh gz g U] LR

1d d.<d,
v(d, )= (12)
‘ 1
dd - d>d
& 2 g
HEFF AT LRl
1 1) (1 1Y
1 % 1 11, g<d
v(d)= (dr d]df+(d, dj o (13)
0 d,>d

K (12) " d A R B B B T, 4 TE AL
FE B H AR s e i), FH & A5 JC APLRETEE , DI 3k 4
v,(d,) I B TEANL G P DX 15 8 5 2L (13)
W) d Fn TE AL I A% Bk T A I 30 b
IR 2 2T AL AT ZEHEF R B oA d, LA
D IENMUEET H b s B BT S DX 355 52 1
2.2 RHMEXNERHEE

WG RE R N F AR SRR IS A% 1 A, s A
SR A 3 AR R v 3 R A v A A 2 T A BB
FIFREE . FEfR OB AR AL R B, ) A A Sk LA
Bt H R SR T, A T AL CR A Y
SEFLRE R A ARG AR RIS AR A BT (M ER ) 23
JEA M b A SRR R AR BN AR AL, IE
H R, X BT R (A5 30 N B pR AT R A P iR
i ) Y ok A

TE R A B AL % 1) ik A v, S R I AR S
A BE B A B/ N 42 Ry B AR 7 L B AR A
RS R VR A TAE IE (T TC A HLAE B 3k 21 ki X
B B, AUZ AR FR AL S Fs .

| R |

wERRET
PATEER(E

EEREZER
BERMARENE

HEALEA R ELE EIR

o

EEBHEAE |

K5 SR RE

Fig. 5 Periodic bilevel optimization algorithm
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Table 1  Relevant data of the example

. BUBX 1 BX 2 BUBIX 3 X 4 i

S N Y S T

AFR(0,0) (2.5,2.5) (3.95,3.05) (7.5,7.5) (9.4,11.9) (10,10)
LA 0.5 0.75 1.5 1.9
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Fig. 6 Optimal route solved by two algorithms
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Route planning of UAV cluster via periodic bilevel optimization

ZHAO Xuejun’, DONG Yuhao, YUAN Xiujiu, BAO Zhuangzhuang, LI Jialin, LIANG Xiaolong

Graduate School of Air Force Engineering University, Xi‘an 710051, China

Abstract Aiming at route planning of UAV cluster under various threats, this paper proposes a cluster control method and periodic bilevel

optimization algorithm . Based on a fixed—point arrival mission, a cluster dynamic control model is constructed by combining d-norm,

impact function and inverse function, which can realize Reynolds rules. A periodic bilevel optimization algorithm is designed to solve the

route planning problem of central UAV. Eeffectiveness of the model and feasibility of the optimization algorithm are verified by simulation

examples. Compared with the hybrid genetic algorithm ie. artificial potential field algorithm, the periodic bilevel optimization algorithm has

a higher efficiency and better optimization effect.

Keywords UAV; cluster route planning; military simulation




