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A Unified Modeling Method of UAVs Cooperative Target Assignment by

Complex Multi-constraint Conditions

ZHAO Ming' SU Xiao-Hong! MA Pei-Jun' ZHAO Ling-Ling'

Abstract The multi-UAVs cooperative target assignment problem (MUCTAP) is a condition-complicated multi-models
and multi-constraint combinatorial optimization problem, and it difficult to get a feasible solution by unified processing
method. In order to solve this problem, a uniform model has been built for all kinds of unmanned aerial vehicles (UAVs)
target assignment situations in this paper. We also design the unified processing method so that it can handle different
types of MUCTAP. Considering the 3D environmental character, we present a method for MUCTAP by using spatially
vertical section to compute the cost of flight path length, and apply the cost matrix of flight path length to optimize
the target assignment algorithm. We also add the collaborative constraint relation to compute, so that it can improve
the target assignment algorithm’s accuracy. Simulation results show that this model can adapt to a variety of target
assignment problems, and it has a high universality and accuracy. So it can effectively accomplish the task of MUCTAP.
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FeBAT); HFR S P X R IR TSort ([i, j] KoRfE
% i JoTATS § AT,

o LE A R MUFR IR L 5K RATI TR 2051 H Aw ]
WPLIHR, 76 N > M I, BRI BIEL W B
HEEAR 500 IR, XX FE P, = 0.9, BHHE S, = 0.5,
SEIGEE A 5 B, kB0 AE S VR R B AL AN b

Tonin (1) =~ & Totares Tnax(@) = 5+ Do SO FILRIAE S, WA BIRIEAT 5, 5
" M (28) WSR2 FUR, F 2 UAV RRTEANUTA,
TAR For H bR £0F 91, 4% Fh 20006 5 A R (2%
K R, B0 0 FARFFEGL R, o 1 Rty Ti%
o 0, N ([Tomin (1), Tmax(0)]) # 0 29) Lot AR — it T ARk Hbs A 4 R ) i
Y e B (o (®). T ()] = 0 B3 N B A, AR AN R B REAT T 3% 24 4
T8, T LA TE BT B
1K1 WEEREROE
Table1l Data setting of Experiment 1
(a) N=M
Ko 1 2 3 4 5 6 7 8
UAV [11,2,3] [2,17,5] [34,26,7] [5,2,2] (6,33, 3] [27, 34, 6] [21, 45, 5] [25,12, 3]
En (km/m) [0.2,0.3] [0.2,0.4] [0.4,0.75] [0.3,0.6] [0.2,0.3] [0.35,0.45] [0.3,0.5] [0.3,0.6]
MazD (km) 400 700 650 500 700 900 450 610
TARGET  [40,210,22] [170,90,13] [80,197,21] [172,120,13] [160,56,13] [160,143,21] [170,200,21] [113,200,12]
w 1 3 4 2 1 1 3 2
TSort [3,4] [5,2] 6, 8] [7,4]
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(b) N>M
K 1 2 3 4 5 6 7 8
UAV [31,20,11] [112,27,12] [134,26,7] [45,52,11] [36,133,12] [67,34,16] [21,185,10] [26,62,11]
En (km/m) [0.2,0.3] [0.2,0.4] [0.4,0.75] [0.3,0.6] [0.2,0.3] [0.35,0.45] [0.3,0.5] [0.3,0.6]
MazD (km) 400 700 300 350 700 900 450 610
TARGET  [40,190,13] [120,180,21] [112,199,13]
w 1 1 1
TSort [1,2] [3,1]
(c) N<M
Kt 1 2 3 4 5 6 7 8
UAV [150,27,5]  [65,26,23] [11,45,5]
En (km/m) [0.2,0.4] [0.4,0.75] [0.3,0.6]
MazxD (km) 900 700 850
TARGET  [30,181,12] [15,133,13] [19,151,12] [160,192,13] [100,100,23] [160,113,12] [22,101,11] [173,140,12]
w 1 1 3 1 1 4 1 1
TSort (2,4] 4, 6] [7,3] [8,5]
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Y /km 150

200 S
BYN>M

100
Y /km

150

(CON<M (d) BAM 7oL
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B 5 52 1 oAl g 3

Fig.5 Assignment results of Experiment 1
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Table 2 The assignment results of Experiment 1 data

() N =M
PP R o ¥ B 5 2
s R o () e s s

AV 1234
vAv 345678 993.1809 10 52.6378 O 0 0

TAR56781324

(b) N>M
e S THIR EIN UER mHA
sk b e WH W (s) Bk AT L 4R
UAV 21738546

792.840 8 10 401.0131 0 0O O O
TAR11223333

(c) N<M
oSk CPHN R e R
o RO s W) s s sk
UAV 11123333
869.228 2 10 363.3825 0 0 0

TAR84652137

NS5 285 Bn] LA Y, SRS A A e = A AN [
R EZZ INE R 7 VST B S e oI IR S S
i Z AR ISE] — AR, IFHEVER A —E
(14 Jmy AR RE ), el R BRI v AT AR, MIEI 5
FILUE H, H A2 B IR 48 SRl T (R R R
(K 5 (a) ~ 5 (c) "R ZAE T D) 5 H B AL
2, OB RMIIRE), B 5 (d) RL&aRE kY
BRI R. WK 2 halLUEH, N = M B,
RN, SRR, N > M M N < M I, A
X%, SR TR =P 1o 43I 1) &5 SR 48 m] 3
S PNV A NS N TS e DR e v EA )
N > M IF, o] 2 R 2k H AR )P R 210

SEI8 2. X b UAV FlH b 5 508 1 2 i 532
PR, I LA RS X RIS S5 260 SR Af 1 sg g, 56
UESE SR B R A FCRE ). M N = M
I, ST I AT BE H AR ZC 38 0t 2k (1 6 (a)), M
N =M =50 WBcHI4 R (B 6 (b)), Wik 6 i
7N,

MSEG S5 JE T UG Y, SV ATI TR BE UAV 1
HArEE (88 22 3L EL B K, m] LU R406) i)
KA. AR IR AE SRR FIAR S F0F AT I 1) 52 i AR
MPRE RN, BRI EVEPATIN H], (R4 R EUR
A, A OIS, SN AT IR, PR SL
L PR IE M (A8 SORFI AR S R B e 3RS 5Tk
YR AP

N > M HN < MW, TR R A4
PE, SER B EREE KT N = M mfE. A
YO UF SR B, R R R S (R, 43 i 6 s DU 4
UAV Al H b B0 3 39 10 S b AT Le . Bem, e
ISV AR BRI 255 MR AR IR BE ), 43 % UAV
FHFRECR A 100 F1 150 PR SRR 2 A 1 A%
w I I BUEAT S, S A S5 R Nk 3 TR,

M3 LA, AN > M ik N < M I, 5
EMEREFIPAT R B UAV F1H bR B0 (138 £ FR %
Bk, BE R A RS RIREUE 2, X 5 ZEAT
I ) 52 A B B L, B BUARPAT I ) e, R
SRAFI AT R0 4 R B AR AR, R A7 258 1 B A%
SIECAESS. TELRA SRR R 2RI G DL, AR5 KT 2
N=M.N>MMN < M =ME0HHLEs,
B, BT S AT 0 AT W BRI 7, SVEFE TR
K, B L RRE L, (HAEW SR R A DT 1T
fift, BEUHZ T UL R SR AR 25 A 1 L N R B 1) H
B 40 TE I
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Table 3 Compare results with N > M, N < M, and

integrated case

IS T i 4
s N M P, s 2 e BT BT
Yok W) ()

8 3 0.90.5 500 792.8408 413.1218 0

20 10 0.70.4 500 3 104.1021 700.6941 4

N>M 30 20 0.60.3 500 4 615.9210 876.7100 6

50 30 0.80.2 500 7 939.8401 1 048.5010 6

3 8 0.90.5 500 869.2282 367.6788 0

10 20 0.60.4 500 4 084.7105 729.9911 3

N<M 20 30 0.80.2 500 7 293.7608 673.4563 1

30 50 0.70.3 500 16 300.0384 1 504.1426 2

ZE4 100100 0.8 0.4 500 16 811.60000 2 003.8339 11

TE#L 150 150 0.7 0.3 500 27 963.30000 2 675.9532 13

:l: Ry
5% 2:. 'lo/lf\.

N R 2 2 29 UAVs P3[R H b5 53 Bie 10 24,
ARSONHRIRE AT Y™ RE, #2577 48— 10 H bn 73 i
B R A =45 8, SRR T S,
fewm TN TS I B WESTZ ML R 20 A A1,
THELRE T, MO R R, 17 FLSE IR R W]
T PR, 38 N RE AL, REV A AU =
YEIAIEE N AR R 22 WL 22 H AR 73 e i) 7L

B TARR A T o AR O R H bRy
FiC b 0 e ORI 23 A R BRI, DA K B[R] H A2y
FCAT 25 H AR Z TR R ARG 3R A IS AL 2 BA 7 2 el
Ir RN, JEAESEEEA b, SRAETZ UAVSs bR AT
MR,

References

1 Sujit P B, Sinha A, Ghose D. Multiple UAV task allocation
using negotiation. In: Proceedings of the 5th International
Joint Conference on Autonomous Agents and Multiagent
Systems. Hakodate, Hokkaido, Japan: ACM, 2006. 471—478

2 Yan P. Research on Methodology of Route Planning and
Task Assignment for Unmanned Air Vehicles [Ph.D. dis-
sertation], Huazhong University of Science and Technology,
China, 2006

3 Chen G S, Cruz J B. Genetic algorithm for task allocation
in UAV cooperative control. In: AIAA Conference on Guid-
ance, Navigation, and Control. Austin, USA: ATAA, 2002.
11-14

4 Ye Wen, Zhu Ai-Hong, Pan Chang-Peng, Fan Hong-Da. Co-
operation mission assignment algorithm for multi-UCAV.
Systems Engineering and Electronics, 2010, 32(1): 104—108
(M3, RFZLL, KM, yautik. £ UCAV PR HAR4 BCHET .
RETHRE B THA, 2010, 32(1): 104—108)

5 Wang X Z, Ci L L, Li J S, Yu N. Based on PSO algo-
rithm multiple task assignments for cooperating UAVs. In:

Proceedings of the 2010 International Conference on Ed-
ucational and Information Technology. Chongqing, China:
IEEE, 2010. V2—-V5

6 Shima T, Rasmussen S J, Sparks A G, Passino K M. Multi-

10

11

12

13

14

15

16

17

ple task assignments for cooperating uninhabited aerial ve-
hicles using genetic algorithms. Computers and Operations
Research, 2005, 33(1): 3252—3269

Tang S Y, Qin Z, Xin J K. Collaborative task assignment
scheme for multi-UAV based on cluster structure. In: Pro-
ceedings of the 2nd International Conference on Intelligent
Human-Machine Systems and Cybernetics. Nanjing, China:
IEEE, 2010. 285—289

Liu Yi, Tong Ming-An. An application of Hungarian al-
gorithm to the multi-target assignment. Fire Control and
Command Control, 2002, 27(4): 34—37

(B3, #emle. S MBERAEL HER M RCH ON AT, K g 5 f i 45
i, 2002, 27(4): 34—37)

Ma Pei-Jun, Mao Yun-Yun, Zhang Hong-Tao, Su Xiao-
Hong. Cooperative planning for multiple trajectories with
multiple constraints based on 3DSAS. Systems Engineering
and Electronics, 2011, 33(7): 1527—1533

(D%, Box, KWE, A 5T 3DSAS WZ AR
UL R R 5 R T7 % R LIRS T EOR. 2011, 33(7):
1527—1533)

Bellingham J, Tillerson M, Richards A, How J P. Multi-
task allocation and path planning for cooperating UAVs.
Cooperative Control: Models, Applications and Algorithms.
Boston: Kluwer Academic Publishers, 2003. 23—39

Long T. Research on Distributed Task Allocation and Coor-
dination for Multiple UCAVs Cooperative Mission Control
[Ph.D. dissertation], National University of Defense Tech-
nology, China, 2006

Long Tao, Shen Lin-Cheng, Zhu Hua-Yong, Niu Yi-Feng.
Distributed task allocation and coordination technique of
multiple UCAVs for cooperative tasks. Acta Automatica
Sinica, 2007, 33(7): 731-737

(Jede, VMK, RT3, ARkig. 1A P RAES K2 UCAV 234
5 SRR, ARk, 2007, 33(7): 731-737)

Su Zhao-Pin, Jiang Jian-Guo, Liang Chang-Yong, Zhang
Guo-Fu. A distributed algorithm for parallel multi-task al-
location based on profit sharing learning. Acta Automatica
Sinica, 2011, 37(7): 865—872

(IRIEh, R, R, KM, —~MEET P IR TmIiATE
L4553, AR, 2011, 87(7): 865—872)

Eun Y, Bang H. Cooperative task assignment/path plan-
ning of multiple unmanned aerial vehicles using genetic al-
gorithms. Journal of Aircraft, 2009, 46(1): 338—343

Beard R W, McLain T W, Goodrich M A, Anderson E P.
Coordinated target assignment and intercept for unmanned
air vehicles. IEEE Transactions on Robotics and Automa-
tion, 2002, 18(6): 911—922

Ding Ming-Yue, Zheng Chang-Wen, Zhou Cheng-Ping. Un-
manned Aerial Vehicle Trajectory Planning. Beijing: Pub-
lishing House of Electronics Industry, 2009. 213—269
(THIER, AEC, JARCE. BN VAT SRR, JEst: Lk
Jiitt, 2009. 213—269)

Ho S Y, Lin H S, Liauh W H, Ho S J. OPSO: Orthogonal
particle swarm optimization and its application to task as-
signment problems. IEEE Transactions on Systems, Man,
and Cybernetics, 2008, 38(2): 288—298



2048 H ]|

e

it 38 %

ES

18 Guo Bo, Wang She-Wei, Tao Jun. Cooperative task al-
location for unmanned combat aerial vehicles using im-
proved particle colony algorithm. Computer Simulation,
2009, 26(7): 62—64, 153
(B, Fabf, BB, ok T RESNE M 2 EANUES SIS, i
HHUEL, 2009, 26(7): 62—64, 153)

19 Pohl A J, Lamont G B. Multi-objective UAV mission plan-
ning using evolutionary computation. In: Proceedings of the

2008 Winter Simulation Conference. Florida, USA: IEEE,
2008. 1268—1279

20 Darrah M A, Niland W M, Stolarik B M. UAV cooper-
ative task assignments for a SEAD mission using genetic
algorithms. In: Proceedings of the 2006 AIAA Guidance,
Navigation, and Control Conference and Exhibit. Colorado,
USA: ATAA, 2006. ATAA-2006-6456

21 Song Min, Wei Rui-Xuan, Feng Zhi-Ming. Cooperative task
assignment for heterogeneous multi-UAVs based on differ-
ential evolution algorithm. Journal of System Simulation,
2010, 22(7): 1706—1710
(AR, BRSAE, 1AW, T 29 B R 2 B ANTES 5
il RGH AR, 2010, 22(7): 1706—1710)

BB MR T K E LR S
HR B Lo, TS A
S, HAR T, i M2 6 A
B R ASCEAE R

E-mail: sequoia00@163.com

(ZHAO Ming Ph.D. candidate at
the School of Computer Science and
Technology, Harbin Institute of Tech-
nology. His research interest covers information fusion, tar-

get assignment, trajectory palnning, and multi-UAVs coop-
erative. Corresponding author of this paper.)

B2 N4 N S el £ 97 W4 N o

RIS HRZBHE. ETIT A
E LA, A TR B 5.

E-mail: sxh@hit.edu.cn

(SU Xijao-Hong Ph.D., professor

at the School of Computer Science and

Technology, Harbin Institute of Tech-
“T nology. Her research interest covers in-

formation fusion, software engineering, and neural net-

works.)

BEFE L, BoRIE D REE RN
AR N € S S W |
5 B R, P AR =GR
E-mail: ma@hit.edu.cn

(MA Pei-Jun Ph.D., professor at
the School of Computer Science and
Technology, Harbin Institute of Tech-
nology. His research interest covers in-
formation fusion, software engineering, and pattern recog-
nition.)

BICF W, m R TR o SEL
B HEOR A GEURIT. 2055 17k
R R R E BR IR

E-mail: zhaolinglinghit@126.com
(ZHAO Ling-Ling Ph.D., lecturer
at the School of Computer Science and
Technology, Harbin Institute of Tech-
nology. Her research interest covers in-
formation fusion and target tracking.)



