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Abstract

This paper examines the task assignment of chasers in a group pursuit-evasion game. By construct-
ing a bipartite graph, a new algorithm is designed to assign tasks to the chasers, and the group
pursuit-evasion game is transformed into a game of multiple chases. In the case of chasing more
than one, the optimal strategies of chasers and evaders are given. Using the algorithm established
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in this paper, under the condition of considering disturbance factors, the original redundant chasers
may be transformed into active chasers. Numerical examples verify the feasibility and stability of
task assignment.

Keywords

Group Pursuit-Evasion Game, Bipartite Graph, Task Assignment, Disturbance

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

B [ 2% (Pursuit-Evasion Games)s& —JRFIR I Z A 2%,  Hrhig & # (Pursuer) 35 /) - 7£ 55 i I [A]
PR B S B — A 1 B bR, 1 A % T 2k 8k (Evader) W) 5 B8R AE IR AT 3K . SCHR[L]6 4538 16
IR AU, BFE B — IR, 2B 1N ZIE 2% . WA Z MEBE kR 1 FA
1B A B(MPNE) 2 H i B S iz Az —, FEF BT ANUERE IR, BRI 1 B 28 A4
AR BB R R (0] . SCER[2]A7F 7018 18 & 5 okl i O BEAR S5 1 T T I 2 18 —183%, 2 0l4
1B IZE PR SRR B & CRUEREHL 25 0F . STHR3] [410F FU it BAT S FE AR 35 (0 238 — 2%, SCR[S]
F BRI () B NG, SCHR[41 SRR IR R AR 2. SCHR[S132 F T LAR 75 1300t T R) B Al 1) 22
BT8R, 4 R ARIE IS AL SRmE 1 55 . STHR[6]45 HA B ) e A0 ¥ 2238 — 18 25 1) 4 =) Stackelberg
fi(Global Stackelberg Solution), J-iiF B fif i & ket .

AR, HEAE IR0 F BRI R RICE RN Z B Z RN Z 4~ —1B—(IPIE) B £ 1B —
(MPLE)#ZE, X dRU K BIIBEF MALS Bl . SCHR[7] [8] [9] [10]131H Voronoi Kl HAT 55 43 it vl
B, SCHR[713% B — R e 325 6] BRI BB IE I Voronoi BRSNS, 02058 — 2Rk b [X 41 1]
INCAfE e . SCHR[8118 FH 314 Voronoi BB 7E 82 /1B 6182, 45 HUB B AT 45 /Bl 7 . SCHR[9] LA[S] N
BT T SIS B #8810 FE, 44 BB NS5 A0 BL, (R PRAEAT 55 7 T BE B (8] 3045 58T
SCHR[L0]AFF 8 = 4EBN ST M T A IE Ik # 2%, IF3ET Voronoi Bt SEVENT 1B I BEATAES5 40 I .
SCHER[LA L AL % 5 R 2 8] 3 T Bl (Communication Graphs) i} i iZ# TR0, RAE
FUETE T R /N IS, 45 ARG T B IE IR 2R 0 gh 1351 . SCHR[12]52 H1 Apollonius 51
T ERMGEA DT R FERIESE, 4 —18 —1EZRIa 0T St Jeng, FHmgn) 21 2B —.
ZIEZ Y. SCHR[13]IF 7118 18 & SIS Z IRHIIE T T TS A BRI R, JFEE i “FIk (Active)” 5 “ U
Ax(Redundant)” IR S FH 21 43 B 1a] R b

SCHR[L2] 7 1) fe A S 7E 22 18 — 148 TR UE B2 A 3, (HAR S5y R B 2 18 2R i, 23[R 1 4
JE AR N E 380 T B0 S RGO o B — R AT AT (0 v R B AR R SR R N A —
ZiE— TR, RN ZPNEANE B /AL — A8 N H br o BRI FR 7 vk N 2159 21 5 0 e f
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Figure 1. The optimal strategy of chasing and fleeing in game
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kMg I, A8 X, = B(K, ). J6h o R INIE 4 KA M OB

B Z: AR WA TT IR 0 TS 1 MBIEE T, 0

P(Z):]ﬁ[P(xjskj —1)=ﬁ(1—gki). (17)
=t j=1
TR AT Z K AR ORI K, RISRREZe v Rk )
mk?x P(2),
Stk +k, +---+ky =M, (18)
k21 j=1--,N.
1 (17)3045
In P(Z):im(l—gki ) (19)

BF(x)=1-¢" B F7(x) <075 f(x) & EMEE, W nf(x) R EnE, Bafh
N N
2 Inf(k) 2k, "
=2 <2 :Inf(—j (20)
N N N

MAMH K =k, ==k, =% I 4555 WL, I P(Z) BB, DRI AE AT A 55 43 T I R2 R AT g
PRI BLIBIEE .
4.3. BT SENESTE

BOBIZEH P e B R RO T, g AR 2T A GBS AR AL R, SRR
T, JHENBUEICTEE 518 G . ARWHAH Kuhn-Munkres 5E[15], WA LIIEIZ & ok £ T
AR LR R /N N AN R 43 3 e 25 6 B b8, % e 3B B 3 A5 2 AR I — 5
G %, BHEMESILEF NI,

A # ST BGBTA (Bipartite Graph Based Target Assignment), 523 %1 ) #8438 396 18 25 K HkH B (1) 5
BB .

BGBTA

Input JEZEF GREBH EH M, N, FIEIRAS p, (t).8; ()i =1 M;j=1---,N, EDKA

Step 1 ANk E, 1HAIRIZNIBIZH P! .

Step 2 MRAEHIAEIRA TS T A BRI R T,

Step 3 HE 7K G.
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Step 4 JiH Kuhn-Munkres 5%, MRAEIEZEHEAHEHREZ N MEZH, NEAPEEH 750
—MEZE, BOARINERHE L ZAHRKIANE FE, B 0K G, HBIrAEERHEL T/

Step 5 Ak L FE(B) A NS, [AEZRHIELIEE(L5)NMENHREE . BB HAB ZIFE RSNk
BEE FIRIE B R E S EAK ZIA R B R4 1k,

Step 6 WIRIEZRZ&E, MIEEL& L EH% Step 1.

b, AHEREZRE SEBENEE M N, FIEIRE p(t).6(t).i=L-M;j=1-- N, i
K At BGBTA, ‘ERERK (M, N) IR 2E@H 1) 7 N A28 — 1828, IRt 2 RAERBR
Ko BT HZE BRI EE 3 14 s LR NE, d3EmifsE— MPNE @1 /s i, H
e R AR O R S BN A 8T .

5. H{EHEH

ATAETBZEESERBERE DA AM=N. N=2N. M =5N MEMEHEF, HFHRERHRE.
RIGEFTA BOHAERIT R T, AEBUEILRE =0 B G IR IR S AL — 2 B RSS2 BUAERE . I8
WEXUTT IS B NAE, TS A R E A SR B (RS R T WIB IR E N a=1m/s, HilEEHE N
B=06m/s, HERPKAt=01s.

51. M =N &R
BIEEHEM =3, BEHEEEN =3, BEE 5kEEOVERED 5N
Py (to) = (4' 28)' P, (to) = (19'3)' P; (to) =(25,5),
&(t)=(221), &(t)=(92), e&(t)=(325)

HH BGBTA 133 t, i %18 31% & A 55 7 FC i — 20 B S AR BL AT 55 0 BUAE FE W ] 2 B, GBI F

WEH s BN a3 Fras o

00 1)
42=l0 1 0
100

Figure 2. Bipartite graph of task assignments of
chasers in I'(3,3) and their task assignment matrix
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Figure 3. The trajectory of the chasing and fleeing parties in T'(3,3)
B 3. T(3,3) RiBEKWN A BT

52. M =2N 1&#%
BEEHEM =6, LEHEHEN =3, BIEH5EEE VLRSS0
P(t)=(428), p,(t)=(19,3), ps(t)=(255),
P, (t,)=(9.17), ps(t,)=(5.30), ps(ty)=(20,6),
el(t0)=(22,1), €, (t0)=(9,2), e3(t0)=(3,25).
i BGBTA 153 t, It 238 B 4155 73 e 1) — 73 B R JLAH R A 55 70 BCAE R an 5] 4 P, 18383 Ak
W I B L& 5 B

lJ'lS lJ'22 “’31 lJ'42 “’53 “’61

00100 1)
4=l001 0100
100010

Figure 4. Bipartite graph of task assignments of chasers in
I'(6,3) and their task assignment matrix

4. T(6,3) HIBZREESZHEH — 5 EREESZHECRER
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Figure 5. The trajectory of the chasing and fleeing parties in I"(6,3)
B 5. 1(6,3) RIBREKWN A BB NI

5.3. M =5N 1&F#
BIZFEHEM =15, REEEHEN =3, BiZE 5kEEKVIIERED BN

P (t)=(2528), p,(t)=(428), p,(t)=(19.3),

Pu(t) =(947),  pe(t,) =(29.29), pi (1) =(5.30).

P, (,)=(29.15), py(t,)=(25,5),  ps(t;)=(13,28),

Po (t)=(24,29), pu(t)=(30,3), ps(t)=(1229),
)=

(to)
P (t) =(21,23), py(t)=(2312), pys(t)=(20,6),
e (t)=(221), & (t)=(9.2), &(t))=(3,25).
HH BGBTA 1533 t, i %18 3Z A 55 7 Fe i — 20 B S AR BL AT 55 0 BUAE FE W ] 6 Fr s, GBI Flik
BEE B B 7 Fos

l’LIO,I l"'11,1 “12,3 IJ'13,1 ul4,3 lJ'15<1

Figure 6. The bipartite graph of the task assignment of the chaser in T'(15,3) and its task as-
signment matrix
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Figure 7. The trajectory of the pursuit and escape in T'(15,3)
7. T'(15,3) FB R 77 BB ThHNITE

5.4, MAMZIEE B

R R AR H R OB SE, BB P 7 3 s BERAEMNE, LIRS 54,
BGBTA #F|[(6,3) 55 ['(15,3) &% R EH M) HE A B 8. 140 fik. JLrig B (1% 4
[ 57 PR T BT 55 4 M 157 I N R 3 K] 366 A

40

35t

P5
3oy Pl

25+ E3

20r P4
15 F

10 f
P6 P3

E2 22

ob El

Figure 8. The trajectories of the chasing and fleeing parties in Game f(6,3)
with disturbance factors

8. EBMNERMEIT(6,3) FBENFIEENHNTE
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Figure 9. The trajectories of chasing and fleeing parties in Game f(15,3)
with disturbance factors

B 9. AFMIERMIFEZET(15,3) PIBENS EENHE

LRI

1 g IR T RORRI ], % 2 4 ISR FIIAES 20 BC. B 2, 1(15,3) {1 BGBTA
W B 3 MEIBE 5 r(3 3) M, 1(15,3) 1 BGBTA I i SE /M TLH 6 MMEZEH 5 1(6,3) HIF
MR 1A 2, S 2 AMBBFE IR E, I AN T30 1 ANEE i 3k ElEI’JETIEU M43 5 AMEEH
HFR Ey IO (ARG AC 2 AMBIZF AR, XU P A By AR, Py, B, P, RITRIM.

KA, XFTE,, 2L 2 MEBFHIK E KN AN T 1 ANMEIZEFE IR E RIE, oA 5 B
BEMIK E, I A 2 MEZREAMHE, XU PR, P2, B, PABRZITRK. XTE,,
Jrie 1 /MBIZEFE M 6 MBI F MR B 20, XM P, R BUREK, By, Ry, P, AR, ZIURH.
Zil, fE0(153) P I5MEZHERAEPR,, P, P, B FIB &BWKN, HA& 10 MEEHZITARN.

X RAMBIF R, [(6,3) 1 3s JGHi By, Pg% 2 MBZEHIEZ ELN P MEER, K5
3R E IR KT 1 (6,3) » H/ANTT(3,3), XU B 1 Py 2. (HE2, £1(153) " 3s)ah P,
Ps 55 5 MEBIZFHIEIR E, &N Py 55 4 MEIBHFIBIR, Haifizk E NI T r(6,3), HAT(6,3), X
YEITE T (15,3) TR By 16 T(15,3) AR TR FHEIZ .

Table 1. Capture time of the group pursuit-evasion game in five scenarios

= 1 BMIER TEVEH G R I 2R RO IR AT 8]

Tl TZ T3 T
r(33) 12.6 25.2 8.0 45.8
I'(6,3) 11.0 22.0 8.0 41.0
I'(15,3) 11.0 22.0 8.0 41.0
1'(6,3) 12.6 22.0 8.0 426
['(15,3) 114 22.0 8.0 41.4
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Table 2. Task assignment of the group pursuit-evasion game in five scenarios
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