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Abstract: Multi-agent path planning is widely used, however, it is difficult to plan the paths of a-
gents because of the existence of conflicts for these agents. In order to deal with the conflicts and
improve the efficiency of the planning, the conflicts are further classified into the opposite vertex
conflict and the intersect vertex conflict, and the corresponding resolution methods are proposed.
The method of resolving the opposite vertex conflict adopts the method of adding constraints in ad-
vance to avoid another foreseeable conflict in the process of resolving its conflict. The method of
resolving the intersect vertex conflict finds the best waiting time to resolve its conflict while resol-
ving other existing conflicts. Both conflict resolution methods can reduce the size of the constraint
tree and the computational complexity of the algorithm to a certain extent. An algorithm based on
a conflict-based search algorithm to search for high-level node conflict is proposed. The experimen-
tal results show that the proposed conflict classification and resolution method can effectively re-

duce the size of the constraint tree in the high-level algorithm and the computational complexity of
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the algorithm, and shows advantages in the dense environment of agents.

Key words: Multi-agent path planning; Conflict-based search; Path conflict; Conflict classification

and resolution
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T Ao A CBS 53k & ICBS 53k 8 BB A a,
MR, BRI BEAR 4300 8 BB IA o, 90 4f MR B
AR p, ={A. AL A LA IR BEIR o) BIERFL
RBEEER p, ={A LA AL LAY, Bfetk e, FIE
RER o, 76 1 BFZIIE TS AL KA C, =
(a;sa; Ay D 7E O 2 HEK o, TG A,
REIR o) T FTIS AL 2 B 208 80K a5 B0 A,
AR e, TS A, NV Btk o, M e a,
e W 5 R A I RIS S 220 58 e ik I o T A T

cost: 6
NC: 2

solution:

a; AzA
a; AALA

U
constraints: | cost: 7
{(a, A, 1)} NC: 1
solution:

A

a: AqAAFA -
a:AHA;
J 4

3

S
ESS

X

constraints:
{(a, A, 1)}
{(a. (A, A)). 1)}

cost: 8 constraints:
NC: 0 {(a, A, 1)}
(@ (A, 4. 1)

cost: 8
NC: 1

4‘A 5
z_A 1

1%

constraints: | cost: 7
{(a, A, 1)} | NC:1
solution:

a:A
P2
az A,

AA)
3 4 5
AL-A,

constraints:
{(a, A, 1))
{(a. A, A). 1)}

cost: 8 constraints:
NC: 1 {(a,_, Az, 1)}
(@, (4, A). 1))

solution: solution: solution: solution:
a:A,-B,-B-B-B-A, a:A-A A A A, a:A-AA-A LA, a:A;-AFA A
a: A ACAA a: AARALA A a; A AHAFALA, a: A-B-B-B-B-A
H bR A5
B2 8T R R G AR

Fig. 2 A constraint tree of the opposite vertex conflict case

ML 2 B 7 249 SRR 1) ff B ok & MK 4l 40 R Ak it
AR AR T S R KBRS R i Af
TSR C =(a,a; As, D) INE 2 A R
LLERERRTE TR o IS5 C L BN
(a, Ay 1) FiCa; Ay, D TRAMR S BRI AL
FTHARUMV., BT ARU MV AT ph 58
Cr=C(a;sa; »Ass D) LB T SR ER =4 T8
W5 C, = (a,va; Ay AsD) 8 Ch=(a,.a; A,

Ay Do RIE R P 58 U B — IR AT U I 2y SN
PR AR, ME 2 PR AU MV PR
HW. XY F1Z fim,

ARSCK L T B 2 R B A o 28 B R IS A8 4
e B o7 A T O L TG T e — T A R T
fiff B AR R TOU A P S B AR 1) TR 0h 58 Coy = (asva s
wsvsw )RR B a, Fla; 76 ¢ W 203 6] 5 T
Foo e —1BF 2R 2 41 B 20 38 4 5 FH TS, o Ao s



60 TAUE £ 5 R

2022 4 9 A

I ZE A 1) TR R O A E . iR — A i i
B LA S8 TR 2 B H: S 4 1) T i

DR Cy=C(a,a; u v,w,t) PEGEEa, F
a; ¥$7E ¢ B 20 [E I TR o, BRSE Co, 2 TR
hoes

MR Copy = (a;sa; yusv.w,t) LB ;

DMREC,,=Ca;a; usvsw,t) THEMRa, M
a; P AZHATMEAE ¢ — 1 WEZ0AT ¢ 4+ 1 05 20 5 FH T w
il RV REAAR o, ¥ 7E + 1 I 20 R B IR o) TE¢
— 1B 20 5 B TR w , IF B Re A o, e+ 1 B
ZIE AR o, e — 1 205 TS «,
2.1.2 X R

LTS Cy = (a,va; su v w ) AT
T ] T i 5 R A, P Y DX ) R 58 ST A o
RPERENR o Fla,; WL P T o J5 A 2 58
e 5 TR A 81 3 R BB ., Flla; TR, B REIR
a; Ma; MPIERALEAE N p. ={B\.B..Bs. B} M p,
={A..B,.C..Cy}, B a: Ma; 75 1 W23
SRS B, B AET S WE C, =(a;.a,.B,,1),
HAE O I 200 2 i 20 P 35 A 2 sk it Y
T

B3 ZXTmiRES

Fig. 3 A case of the intersect vertex conflict

T2 S SCTHU v 5 Y 5 S TR — A i 8
6 2 LT 260 I8 A Bk HE D 52 SCTH R i 58

DR Cy=C(a:a;susv,w.t) PEEEK a; T
a; B&AE ¢ W 2[R T o, BRI SE Cy O TR
o s

DM Cy =C(a; a; u v,w,t) B REEM5R;

MR C,=C(a;a; u-v.w,t) PEEEK a;
a; BEAZTHAE AR ¢ — 1 B2 A e+ 1 8205 A T
Ww M, BV REIR a, 78+ 1 B 2R 5 R iR a

FE ¢ — VI Z0 5 A TR w0 » B0 W RE A o, TE 41 1
ZIAR G R RER o, e — 120 5 FB TS «,
2.2 HRERR

2.2. 1 AR TR vh ST 7 %6

WM B TS R Co, = (aisa; »usv,wst)
B ok CBS B3kl He gk 303, Ui o 1
Hodr B T0 05 0P 28 Cava; soat) B I0— AT 05 24 3R
(a;svst) (B (a;v,t)) AT Y e, R 5 xt
Bz F= AR (asva; yusvst) (B (a;sa; svsw,
) WINAH (@ s (wsv) o) (Bila . s (vsw) 1) i
8B T i g, & 2, CBS Bk o Ho ek
SR A D B AT P UCIE S YT A RE S AR
] TH A € 58 4 TH ik, AN BT 2 Jv s o A S il AR 1)
TH0R v 5% ) 3 2 S AR B T O b 8 B A S I — A
LY AHAT — U Y A ] 58 42 T At AH 1) T0 RS
mgE, BARL R IE N

1) A6 e 5 3 4] iy G g AR ) TR i 5€E C, =
(a;sa; usvsw,t),

DVE XA TS R C,,=(a, sa; susv,wst),
BHESMNBRMAANAEAE (@, vusvit) . (a;svsw,
) Caisvsa;susvst) flla; via;v,w.t) JF5 40
o] T i 58 Co, FRAERY T A0 N3 J M A4S 775 55
Ho  HEAR(a; »u,v.t) TR EEMR a, 1t B Z)
A EHTT « o HEAR (a; vwat) BRF
ek a,; 76 B 201 5 TS o Flw s HE AR (a;
via;susvst) RANHREM a, 78 ¢ I 245 5 F IO
v, I LR REIK o, 7E¢ I Z0R%5 5 TR o Flo s G
AR (a;vsa;svswat) BB EER a; 761 I ZIA TS
A TS o, I B RRAA o, 76 ¢ Y20 5 TS o
Mw,

303 A LR 15 A5 0 ol 1A AR 2 B A A R
2545 BT A A 1) T vh 58 C e S5 B BRAR

TR LA 1 e 8 41 5L A J 28 A 1) O A e 5 Y
RS, ARMART AR MHE S ICBS LM
6] A o 58, F — 25 ) W7 3 A A ) T R o 2
Coi =Ca;va; Ay Ay AL D INE 4 R Y S AYLL
O HAERR R4y . XS Con LA BT MR AR
— 2P ER 23 e M Y i 5% L A S 0 R T A 2
Ha, Ay Ay D) Fla, A AL D) IR R Y AT
R PRI AA T8 A mE 4 iy U v
e P4 BRI 220 bR — kT A BT
BRI T 2 Con B2 TH IR

XF LG & 2 FEL 4 AT A SCB T Y w58 i



5 5

BT vh 584326 5 TH i 10 2298 RE AR AR LRI B vk et 61

constraints:
{}

solution:

L

X'
constraints:
{(a,A, A, 1))

cost: 8 constraints: cost: 8
NC: 0 {(a, A NC: 1
a,A,A, 1)
tnlutinn:

solution:
a:A,;B,-B-B-B-A, a: AZ-A2A4-A5
aj; A4_A3_A2_A| a; A4-A4 Ay AZ_AI

,
constraints:
{(a, A
a,A A, 1)}

cost: 8 constraints:
NC: 1 {la,A, A, 1)
solution: solution:

a:A-A-A-A LA, a:A;-A-A A

a; AFAAFAGA, a; A-B-B-B-B-A

= =

w
8]

B4 HEBRPREGHENLTRARM
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Fig. 5 A constraint tree for the intersect vertex conflict case
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Fig. 6 A constraint tree of the designed scheme for the

intersect vertex conflict case
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Tab.2 Comparisons of algorithm indexes for the intersect

vertex conflict case
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Fig. 8 Path costs of ICBS-DC and Ant-PP algorithms
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