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Application of MP-GWO Algorithm in Multiple Cooperating UCAV
Path Planning

ZHOU Rui, HUANG Changgiang ™, WEI Zhenglei, ZHAO Kexin
(Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’an 710038,
China)

Abstract: Multi UCAV Cooperative Path Planning is an important part of multi UCAV cooperative com-
bat, and the results of collaborative operations have many guiding roles. Multi UCAV cooperative path
planning belongs to multi peak function optimization problem, and the solution stability is relatively poor.
In order to solve this problem, first, on the basis of analysis under condition of multi Aircraft Cooperative
limitations, and combined with the core index of single track planning, the paper builds up multi UCAV
cooperative route optimization function. Then, the paper utilizes the characteristics of stability of multi
swarm algorithm with the gray wolf Lee(MP-GWQ) in solving multi peak optimization problems on the
function to solve it. Finally, the paper compares the MP-GWO with the GWO algorithm, EA algorithm
and solution in the new threat environment superior to verify the feasibility of the algorithm. The simula-
tion results show that the MP-GWO algorithm has the stability of the multi peak problem in solving envi-
ronment, and adapts to unexpected threat circumstances.

Key words: multiple UCAV; cooperative path planning; MP-GWO; multiple peak optimization function

WK 2017-05-09

EEWB: HZEHAKREEILS (61601505) ; fiizas Bl 254 (20155196022) ; B pi 2 H SRRk 3E 42 (2016]Q6050)

EERN: A E1992) . B LR B EE A TEAMUNGE LRI FFSE. E-mail: 17791706338@163. com

EERN: ERMA961—), B THmEA . #32 HEAERI, FENF LN CITEER R4 58 AR5, E-mail: kgdheq001@126. com

S| . #K#E, B #, . MP-GWO £3%7% % UCAV thEl i ML ey fl]] ZETRAZZRHHKHFH, 2017, 18
(5): 24-29. ZHOU Rui, HUANG Changqiang, WEI Zhenglei, et al. Application of MP-GWO Algorithm in Multiple Cooperating UCAV Path
Planning [J]. Journal of Air Force Engineering University (Natural Science Edition), 2017, 18(5): 24-29.



5 5 1]

Jil %t 5 MP-GWO B354E 2 UCAV B[R A v i i 25

TE R PR A0 31 i ZUR SR A UCAV [
23 fEE PREUA RAYA2 51 T A A R E B
FOCHRIR £ T2 UCAV P[RR AR BT L.
Z UCAV WhRTEREZ UCAV BrFRIVE &S 5
5% UCAV PRI S0 SRR

LA, E AN UCAV il Bl [ U fe
TIZESE . SCERE2 15X 2 UCAV BRI AL
3] 1 e T8] B[] ) 250 SR P — Fob gk SR e 30 1o 14 25 g
TR DL A 1A 0 A 30 T PHAE e DG (LB A s SRS
BT B B 253 22 UCAV YR Tl k) , 42
TR ST s D R R R SR AT I ] A T4
il 077 s SCHRLA 3R 7 g A R0 3 LA e AT
o BT R A I R 3 Ao X 48 2% 2 ) R AT 2 1Al R
B G/ T TRBUR AR 9 52 2% BE 5 SCHRES T8 6 AL
PR R T B BRI B T A IR IR
B SIWI RIS BRINA PSS €U RS W IR TN o
IMUAIVERR R FAAF R . HATXE 2 UCAV
Il FE 3 R T 18 SR i e v o SR P A SRR e Bk it
e R BB AR R BB DL SRR RS E TR

1 O[T R T e R

WV =_{V,,i=1,2,, N} HHATIEF M
UCAVESL, T={(T,,i=1.2,-, N, } ¥ 5%
UCAV AR 0 HAR T BB RS s M= (M, j =
1,2, Ny} HEOTBMEE S AE 5 X E A N, 17
N G Mg A5 . X84~ UCAV 6, BT IRAR
A GRS B 2R CHAR S J&H— RIS
L » 22 R0 2 R s A 28 E A e 22 ) 1) T A
SRVRMIE ., WV KM R L S K2 MR
Orie » HLBE G LR Lot s vl Lo ARG 2R S B 8L
NG BTN Py (B=1,2,,n— 1), LAV,

. . rdg o .
BB AT R K S, — P, Py 1y — G, o

() FTRARFM RN q BB ARSEL,
1.1 thEARSH

PR LRSS N T AR UE AT 76 2 PRI 24
WA RIS 3L UCAV g B 44~ JC AVLEE
BN 58 BUATE: 55
L1.1 zZS[aph A2y

25 [ D3 [F] 249 3R S TeRl s 2 ), sk UCAV
Z[E) i Fe NP B AN /N T o /e 4 RATIE S L BT

di; =d, (D

AH.d, ;A TP E ¢ A~ UCAV 5% 5 4>
UCAV BYfi s Z [\ fe /N FE RS 5 d, o UCAV Z
B e /NEe 4 RATHE R .

1.1.2  ffa e 2y

SCHRL7 ~ 8 e Xof st 1] B3 7] 247 o 2% A (4 a2 S i
{18 3R fiffizs B A A s S ) [ s ) 174 52
Mo PG, SCPCRZ R TR —F
2. BIEE T UCAV B IAZ 5 (R A ] FoR fife H:
F)3k HARZ S RIS @ FIW e R Ok
1 52 B TR A R

¥ UCAV %3k HRZ 5 A 00 R o, il 1t

S A I E) 29 SR IE UCAV 78 B 8] By A] 5 4R 32

UCAV By B3 BBl 5 il K B2 w] LAk AS UCAV 2|
K H AR SEBRAS ] [ i » L 1> ) 2

i . i i — i
tin = i slmax = i ( 2 )
Umax Umin

v v 23 51 UCAV 5 R B2 I i /)
L N5 i A UCAV MK B
A i<t <t WS 7 A UCAV BEFE ML E
AR IRF 17 52 A 55 5 705 WIS BE 58 A 55 » BEAT 1K 31 4 BA
AR BB ) 5 20 I R O ELEA T B BT 3Rr
E IR EES
1.2 BHALTE IO &
TENHUTIEA GO eR R — B ths i AR S s A1
AR BRI T EEALRARIM AT | BN F
WU B A THRR AR R AR 2

J =27 Gy foll) +ws fulh) +ws fri) (3
i=1

ol TR | BRI B s by AR © BT Y
VIR 5 fo 2 6 Tl K B 1 BE il AR f R 855
S MR B R BE A s S S i B
ZEN A, H FERe T UCAV 24T 5
I DX 358 A S DX A 2 s o v B ws
*X%éﬁbﬂ 'leer +‘w3:10
1.3 SHLEE MR

Z UCAV P [R5 D7 oA AL 32 22 AE b1 I i
EG AR 23 R PR IE] 32 22 R [
s [EACA . Rt PR IR P pR A AR,
KT

J =D Gy foui Fw fus Fws fr Fwr frs +ws fei)
i=1

(4)
A om Ky UCAV EGE: fo i i frisfu i F
fo iR 1 A UCAV W BRIH 5 B g | Bsf 8] A
REFREACA s 0 A AN BOAE
At 1. 1.2 5 s ] P ) 29 5 8 A A s B )£
B (5 R
. O ?t{nin < té' < t{nax
frrﬁi - { . . (5)
6=t | sthin = L0 OF Lhux <L



26 2T RRR AR CAARA RO

2017 4F

A, W A UCAV iK% HFRZ S S2 BRI
PR T, LIS @ A~ UCAV R fil, 1
Seit %z UCAV ZEL&A ALl A8 b Y mig s ) 57 i —
14~ UCAV BYEEES NSz B /N T /N4 % AT
PR, M 1 URBIETRE , A VRO 2Tt () T A5 RO o
AT R TR FoR AR 2% UCAV i i el filh 43
& O /N W
S :jl iy < d. (6)
0 sd =4

Ao <i— 1,485 i 1> UCAV Haiji—1 g,
2 GWO B Epe kit

TR L (GWO) 7R U A5 3] T )12
FL BRI ZE R i B R GWO Bk
Xof f B, X6 T 22 WA 1) LAk BT R BRARL . 0 O -
FFHAE Z WL R H AR SR i rh ASFR o 1Y [l
EEA GWO B3k 3Lt b, 45 & Z e,
Wit T 20 GWO 5k, Bl MP-GWO 8.,

2.1 BENREHETRNMEIFRERKREE

TEPRIAE ] L 5 eS8 % UCAV W) s
IR TR AT . ZARPRAAE T B/ MERISK
W 32 BRAUE : ORI TF 5 % 43
FREEEAT AT AN s @ £ Fh e i g LR, IE4
T2 0 AR B — A8 TR bR s F R AF it 25 1>
FPELr AR
2.2 ZHEEHIT GWO Bk
2.2.1 R PEEGY T

W AL 5 i il s 7 XTI HER b = 4 2
LS B U R AT ) ) A T A T AR AR
B2 gt O HHE A T i . AR B2 ity )5 =X
RSB YL e AR R R 222 UCAV [P [l , sk 1>
T GWO B Rz A&, 25 7 38R, &
HINAT M B UCAV, I — e Rk & M1 Bt
FE, DL 1,

EEEA (b |
f M1 HEA
o SN T TN,
sens (DD~ L] O] v
/’f_\ ’1\
s [ ~ (o ) vew

N
%Mﬁﬁg @@@@ ” ( G“I‘ UCAV-M
Noo

&1 Wl e o A 2 ich =X
Fig. 1 Collaborative track chromosome encoding

B Qe R b i A M BERE R 3R 2 A M52

T

UCAV [P a AT AL, 55 ¢ AWl a4 51 S, .
WL Proy oo+ P M EARZ S G FE P B L B AT
JUBE T iC S AS A AR AR (o yi) Ab IS AL FE AR S AR B
by s A RS AR i FEAC AN AE B O 4770 S
A ATAT AR 7596 2 PRI 29 R 55 s @ M HiT 1y
MY T RZE SRR AT, 55 M+1 B
FER R R GBN M > UCAV ) ®AT#
2.2.2 WIS EH Ik

DRI b, R BENLIS 215016 R U A=
BORARFNHE X

X, ~Ub; ub;) )

ﬁ':{:':l.e[172"'°,N]?j6[1,27'"9D]JE%:[ZIEJ%7
[ib,ub],

DMBHER AKX, WA O M ZREN
HEATRIRHE R

D=C-X,t) —X(®) (8

Xt+D =X,() —A-D (9

KD ARSI 700 X, B X 5300 A A
B FRARANE & )it 5 A FiLCOZBEHLAE B R 5L
IFREA BT, ARIEFI Y R A NS TRRE
VB 5 B B A R o AR B R R o, sk
(12) \(ADFAD) , FEFREA L5 T T
RHATH AR e GRS, B BRI H
S R AIFIALAE S5, B B SR A A
Jm:Q-&—X
D, =C,+X;— X (12)
D,=C;s+X,— X
{Xl =X,—A - WD)

X, = X,— A, (D (13)
XS - Xg *Ag . (Dg)
M#H):Kgggi& (1)

3 FET MP-GWO BRI R A

3.1 SN EREER

2 UCAV Y [5] fiit 328 B0 5 19 255 & PF A iR BN
MP-GWO 5503 v 1 B R 45, JHE 5 A48 o 2 45 1
UCAV Sk £ 20 155 i Blp [m) e b 9% 844, (HAE 153
PRI IEA SR AT s B T 5 A 8 A AH DG Y
PR TR AN DR O T B S o A e A Ak ok 4
A, QN 2, KR E U R T p 5 AR R 2 ) Y G
F DK N PR T (p) RN

J(p) = min>; G fo (D + ws fu (W) +
i=1



55 5 1] JEES 25 . MP-GWO B :7E 2 UCAV B[Rl 90k v i 17 27
wy fri (p) Fwy fri () +ws fe i (X)) (15 I 6=453 UCAV 23k HFRZE S 1948 4 21 ik i)

B2 PRS- A e 2 ] Y 5 2

Fig. 2 The relationship between the path evaluation

and the variable

3.2 thEAIEMKI B

Stepl 4G Tl 12 29 BR B BOSRFNRE , AR g ik
B AN » BEALAE L N genn 155 T 28KE G 15 1) P
[l st G i

Step2  WIUifL a  WIMGAL pops F1 Do

Step3  ARIGIFHT BRELHIFEAR X5 BT A BRI
POfRETTRE,

Step4 AR (15) TR AS T FPHREAY 454> B
[ A 720 e € ) 3 o7 AR

StepS LA A T FHE HL YL (0K Y 35 7 (E
55 paspp Tl po (RTE N FEARL 82 S T2 AIDI TR 14 4%
TR IR po SEIFE ps FRRDUIE 25 o

Step6 2 T TAEE 3 MUY a A FIC,

Step7 AR HLBT A B A A TR L
RAYALE

Step8 XL i HH I P [ AT e G € (A 9 A7
LY AL PR DA F G O AR AN G R 2R R el A
JR S S DX BT IE 15 @53 BEAE U J B, Zead 7
FrMAR T AT 8T A DA PR 0 B B0 a5+ A
WA PO P BE » B A R A DI R 8 e € 14 5

Step9 &I BT AT T MREALE BT IS 2 b B
gL A THE A Y LA 38 N 2 A 5 JEOR PR
VELE# A5 BB LG A, BB AR

Stepl0 kAU REHEAT B TS 45 7 1Y e IR
B, B B MR 38 N BEAE AN S I D At A 3 [)
FLE Gt AR B A (L s 75 ) %% 2] Step3 4K2E -4k .

4 PiEIIE

4.1 HEREEE

SEEGRSE 3 42 UCAV XF 3 AN i H Ap sE 471k
i Hirp 3 42 UCAV [ s A BRI 3 A~ H AR AL R UL
% 1, UCAV e KAGE B A JE Lo ARG S B A5
MZIM MW 15 A% S/l B L =2
km, el RATE S Ho =20 m, KAT 3 5938 Bl Ry
(0.3 Ma,0.7 Ma ], e K% ¢=60°, i KIEF/

] £.=6 850 s; 4% UCAV Z [ %4 HHE d. =25
km, IS BAR B E 5 S TR . BbIE]
FULIE KL AR o 8 ) BRI A A o R FE AR
wy T o R <o, A ws 23510
0.05.0.05,0.1,0.7.0. 1, (VEKIREELEED
F& 1 UCAV 1 HAR&LHR
Tab.1 The UCAV and target coordinates

JTeAHL UCAV1 UCAV2 UCAV3 Targetl Target2 Target3

ArbR/km (0,00 (0,100) (300,0) (875,875) (800,875) (875,800)

MP-GWO &1 GWO 543 RO /N
60, IEAIRECH 45 W RIS EUE R B RN dnax
/MA@ 50 BNBEA 2 F1 0L A w=0. 8; X
T MP-GWO 583k, B T A SCHp R0 B Jl He 7 5
AP HERR BT AR 2 PR SR R 61, T
EA 83k WAL 5 E 5 SCukC 18 JA R, i F &
F A, AR Matlab 2014a {5 2. B FT 55 Ky
Inter(R)Core(TM)i5-3470 AbFEES, 3. 46 G NAE.
4.2 KGR
4.2.1 BF MP-GWO Bk (4 3k

PEE LB TIRECH 30 R ELLE W LA 3

<2
X10°
9 -
A4 09,
8r 0.8 \ Sum Cost
71 My - - -~ Average Cost
AAGun .
6t @.
0
=4t
3} - @AT2 Trackl
- ."Radar ’ - == Track2
2r @ S e Track3
H;l___,__\ *  Start
AT1 4 End
Oal:! L .
0 2 4 6 8 10
x/m x10°
(a) P8RS FE (b) AT Hr R E I 2k

3 PiE4S

Fig. 3 Simulation results
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