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Abstract Task allocation is one of the core steps to effectively exploit the capabilities of cooperative control of multi-UCAV . Factors
that effect the three key tactical objects target value damage UCAYV attritions and task expending time are analyzed. By integrating the
two typical instances in combat that is multi-UCAV attacking the same target simultaneously and using soft kill weapon systems a multi-
UCAV cooperation task allocation model for attacking task is formulated. A new algorithm based on the principles of particle swarm
optimization is proposed. Simulation results indicate that the task allocation model formulated in this paper is rational and the PSO based
algorithm is effective .

Key words unmanned combat aerial vehicle task allocation cooperation control particle swarm optimization

unmanned combat aerial vehicle UCAV

' UCAV
2 UCAV !
2
3-7
UCAV
UCAV UCAV 4 12 6
UCAV
4
UCAV UCAV
12 UCAV
UCAV UCAV
NP-
} 3-4
4
* 2005 - 12 -28
5130801

1977—



84 2006 2
UCAV
UCAV
UCAV
1
UCAV UCAV
target value damage TVD UCAV UCAV attrition task expending time
TET
UCAV UCAV
UCAV
1.1
Ny  UCAV Ny UCAV U T
UCAV UCAV
ol UCAV
1w UCAV t 4 2 UcAv
o T 53 UCAV
Ly ucav
1.2 UCAV
UCAV UCAV u  UCAV
t PS,, a, = 1- PS, UCAV
UCAV min > UCVA
€U jeT
UCVA UCAV PSy
v UCAV ¢ UCAV
min 25 > ai., al =1 - PS]
i€UJET
UCAV u v UCAV t UCAV
1= PSi - 1= PS] UCAV v,
t  UCAV UCAV Il 1-psg
i€ L”l
1.3
14
t v,
UCAV
P, UCAV
PK
UCAV
UCAV v UCAV
! Vi = P, PK,- PS%. V, UCAV
max > > Vi,

€U jET



85

UCAV
UCAV
t UCAV v, UCAV
vi = P PK, 1-|] 1-psy -, UCAV UCAV
e
V,
1.4
UCAV
UCAV
UCAV UCAV
UCAV UCAV
UCAV
UCAV v UCAV t D,
min Z ZDMC“[
ievjer
1.5
UCAV
01
Voo0~1 T,=D,/D,. T, v UCAV t
UCAV UCAV
max Z 2 wy* fo]z - Wy A% - w3 Ty, xijz 1
iEU JET
Vi = Po PKu- PSj- V. 2
A4~ 1 - PS4 3
Tuz = Dul/Dmax 4
PK, =1- || 1- Pk, 5
i€,
PS4 =1- || 1- ps¥ 6
i€ U’/
w; Wy w3 UCAV
1 ,€ 01 t=12 ¢ Tu=12 u U
N(
2 Dlx, =1
u=1
3 7 8 N, N
N, UL
Z Z xfl < N, 7
u=1 t=1
N, U,
D2 < N 8
u=1 t=1
4
U . .
DIP,- PK,- PSE. v, 28 < 0V, 9

ut =~



86

2006 2

x gBest k

2
2.1 48-10
particle swarm optimization PSO Kennedy  Eberhart
PSO
p Best
g Best
V. P; i 1=12 N
Vik+1l =wxV, k +c¢ xXrandl x pBest; k — P; k + ¢, X rand2
P, k+1 =P, k +V, E+1
¢y ¢y rand1 rand?2 01 w
3 1
2
3 3
“ ? PSO
10
2.2
1 UCAV 2 UCAV
2U U UCAV
Xt UCAV Xs
6 UCAV 4 X
X1 2 4 2 1 3
Xs4 2 3 1 4 1
1 5 UCAV 1
UCAV 2 2  UCAV 4 UCAV
6 UCAV 3
UCAV 4
PSO
1
@ X 1~T 1~T
@ v - T-1~ T-1
©),
@
6)
2
10 v 11 X VX

SHS

1995

~ P,k 10
11



UCAV

UCAV -
®
©®
3
1 4UCAV 4
4 UCAV 4 P =1 4
UCAV UCAV 4 2 UCAV
3 UCAV 4
W =wy=wy=1 w=0.75 ¢,=¢c,=0.5
1 UCAV 2 UCAV PS d- J-
Tab.1 Kill probability of each UCAV-target Tab.2 UCAV’ s probability survival against
pair and taret value target PS d-decoy j-jamming
vV  UCAVI UCAV2 UCAV3 UCAV4 UCAVI UCAV2 UCAV3 UCAV4
1 0.9 0.1 0.1 0.2 0.9 1 dj 0.926 0.906 0.916 0.966
5 03 08 0.2 02 o1 d 0.922  0.902 0.912  0.962
s on 03 04 os 0 j 0.924  0.904 0.914 0.964
Ndj 0920 0.900 0.910  0.960
4 06 0.4 0.9 0.3 0.3 2 dj 0.306  0.906 0.986  0.926
d 0.302  0.902 0.982  0.922
3 UCAV j 0.304 0.904 0.984  0.924
Tab.2 Distance between UCAV and Target Nd 0.300  0.900 0.98  0.920
UCAV1 UCAV2 UCAV3 UCAV4 3 dj 0.996 0.916 0.256 0.926
1 314 192 01 69 d 0.922 0.912 0.252  0.922
0.91813  0.56140  0.93860  0.20175 i 0.994 0914 0.254  0.924
) 56 01 123 123 Ndj  0.990 0.910 0.250  0.920
0.16374  0.93860  0.35965  0.35965 4 4 0.926  0.936  0.926  0.916
3 108 13 7 231 d 0.922  0.932  0.922  0.912
0.31579  0.97368  0.20760  0.67544 J 0.924  0.93¢  0.924  0.914
4 199 102 109 3 Ndj 0920 0.930 0.920  0.910
5 1 A B D TVD
TVD UCAV C B C
E D E UCAV D C
D E UCAV
2~3 4 10 ~ 20
2 UCAV
10 UCAV 10 20 UCAV 20 30 UCAV 30
PSO 2 135
UCAV 20 246 135
UCAV UCAV



88 2006 2
2 -
N WA
25% a0, (3,31 T
Hin: BALTV
» #itA ﬁ?ﬂ"ﬁ'&ﬁﬁﬁﬁ
r A, 030, 010, (429 - L5310
= HiE: g&kﬂ: v BAMEUCAVIESE §
ﬁﬁﬁﬁ i N :
X st Fa14), (23, o @ TEETS N i
& /V Rl ifJ\'FhUCAViﬁ#E =
. Tgﬂ?ﬁi“ 5_5‘ " . .
] 124),(244),(324] (414)=l041636
f((*r SRR K ETVD. B/MEUCAVEISE. R {ETET
0st AR GRE, fbﬁ;UCAVF]WECﬁ'F]—‘EM D
01 3 5 : 6 7 g 9 \ 10
y B
Ak
1 2 UCAV
Fig.1 Cooperative task allocation under different Fig.2 Task allocation of a larger group of UCAV
object functions and conditions
4
UCAV
UCAV
UCAV PSO UCAV
UCAV
UCAV
PSO
1 J. 2003 10 1 9-13.
2 UAV Technologies and Combat Operations R . Air Force Scientific Advisory Board SAB  SAF/PA 96 - 1204 1996.
3 Chen G Curz J B Jr. Genetic Algorithm for Task Allocation in UAV Cooperative Control C . AIAA Guidance Navigation and Control
Conference and Exhibit Austin Texas Aug. 11 -14 2003.
4  Curz] B JrC Chen G. Particle Swarm Optimization for Resource Allocation in UAV Cooperative Control A . ATAA Guidance Navigation and
Control Conference and Exhibit Rhode Island Aug. 16 — 19 2004.
5  Chandler P R Pachter M. Complexity in UAV Cooperative Control A . Proceedings of the American Control Conference C  May 2002.
6  Nygard K E Chandler P R Pachter M. Dynamic Network Optimization Models for Air Vehicle Resource Allocation A . American Control
Conference C  Arlington VA June 25-27 2001 1853 — 1858.
7 UAV J . 2005 27 4 116 - 120.
8  Venter G. Particle Swarm Optimization A . 43rd AIAA/ASME/ASCE/AHS/ASC Structures Structural Dynamics and Materials Conference C
Denver Apr. 2002.
9  Bergh ' Engelbrech A P. A Cooperative Approach to Particle Swarm Optimization J . IEEE Transactions on Evolutionary Computation 2004 8
3 225-239.
10 Ji C L Yuan P. Particle Swarm Optimization for Mobile Ad Hoc Networks Clustering A . Proc. 2004 IEEE International Conference on
Networking  Sensing& Control C Taipei Taiwan Mar. 2004.
11 Guo W Wolsey B Integer and Trading Mechanism for Task Allocation A . 13" International Conference on Computer Applications in Industry and
Engineering C  June 2001.
12 Lemaire T Alami R Lacroix S. A Distributed Tasks Allocation Scheme in Multi-UAV Context A . ICRA 2004 C 2004.



