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Abstract: In the context of multi-agent path finding (MAPF), the priority-based search (PBS) algorithm integrates a
priority mechanism with the node expansion framework of conflict-based search (CBS), achieving notable efficiency in path
planning. However, the greedy strategy in PBS, which prioritizes path cost, often leads to slow conflict resolution during the
expansion of the priority tree (PT). To address this limitation, this paper proposes an improved PBS algorithm, improved pri-
ority-based search with conflict cost bayesian weight (IPBS-ccbw). Building upon path cost, the proposed approach incorpo-
rates conflict counts to construct a composite metric that balances path cost and conflict frequency. During the planning and
expansion process, Bayesian updates are applied to the conflict cost weights of child nodes, effectively balancing conflicts
and path costs. In addition, the algorithm introduces conflict monitoring and strategy reconstruction mechanisms to prevent
the algorithm from falling into deep search traps. The results of simulation comparison experiments on Benchmark standard
test maps as well as small-scale physical experiments show that the IPBS-ccbw algorithm exhibits superior path optimiza-
tion capabilities in different environments. Compared with the PBS algorithm, the IPBS-ccbw algorithm demonstrates stron-
ger conflict mitigation capability and higher solving efficiency in large-scale dense scenarios. The solution time can be re-
duced by 27.3% to 91.9%, and the solution success rate can be improved by 40% to 85% when the number of intelligences

reaches the maximum.
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&3k 1 High-Level Search of IPBS-ccbw

I\ : MAPF instance, =(=by default)
it . J.plan or “No Solution”

1 Reconstruct _count<—0;
2 <o 08
3 Root.plan «—J;
4 FOREACH i € [N, IDO
5 success <— UpdatePlan(Root, a,);
6 IF-success THEN
7 RETURN “No Solution”;
8 Root.cost <— sum of the arrival times in Root.plan;
9 STACK «— {Root};
10 WHILE True:
11 Collision_counter.clear();
12 Solution_found «— false;
13 WHILE STACK # & DO
14 J < top node in STACK;
15 STACK < STACK\{J};
16 IF J.plan has no collision THEN
17 RETURN J.plan;
18 C «— first vertex or edge collision <ai,a/., > in J.plan;
19 FOREACH a, involved in C DO
20 J' < new node;
21 J'.plan <— J.plan;
22 J'.constraints <— J.constraints W
23 =5 TS Woeont Weonss
24 success < UpdatePlan(J', a,);
25 [F success THEN
26 J'.cost < sum of the arrival times in J'.plan;
27 BayesianUpdateWeights(W ., W/ 0
28 Cost, «— PathCost, + W + N .¢
29 Insert new nodes J' into STACK in non-increasing order
of Cost ;
30 Collision_counler[ap, aq]%Collision_counler[ap7 aq] +1;
31 IF Co]lision_(:oumer[ap, aq] =K AND Reconstruct_count<5
THEN
32 Solution_found «— false;
33 BREAK
34 IF Solution_found = false THEN
35 IF Reconstruct _count < 5 THEN
36 Reconstruct _count «<—Reconstruct _count + 1;
37 Place the node with the conflicting pair (a,,a,) at the
bottom in the STACK;
38 BREAK
39 ELSE
40 CONTINUE
41 RETURN "No Solution";

42 Function UpdatePlan(/, a,)
43 LIST < topological sorting on partially ordered set ({i} U

Ui <y 4=y
44 FOREACH € LIST DO
45 IF j= i orda, : k=< j, a; collides with a, in
J.plan THEN

46 Update J.plan by invoking a low- level search for that
a voids colliding with all agents a, with higher priorities
(k<)

47 IF no path is returned by the low-level search THEN

48 RETURN false;

49 RETURN true

Je o, Bk S HEOH T 0 B AR AR (UL 26 47) il 4
Bayesian JH % P AN EE , P45 G AR AR RIS B i
ZEIAR (LA 28 47 ) , Foe 2848 HE 177 1 (1 A R A A 51
e AT HER , IR HE R I B9 s A PT AR H (LR 29
A7), DT 8 AR AN AR 1 49 o505 2 3 AR T, P S 5 31
V.

BEAR B 11 v g HEA T (UL 3047) L 4
TR HEAS h g X BT R Bk 2 105 K CED Colli-
sion_counter=K, W25 31 17) , W4k ic Solution_found K
false, 7~ M AT A TR . 32Tk, R T B
1K 3] 5 KA B /T 5) T3 i AL A
LI RN (a,.a,) B9 RUE T PT N AUHEAR
STACK F RSB (ILER 35~37 47) 5 75 0], 4nJf o A 110 2%
Ok s LR, NN TEM , L PT A STACK
WA SR, BIES SR R R R o h
P A2 i o 55 R T A T RE A R 4 3
3.4 BEEEZESW

F T3 Y I ) 5 43 R 52 2% B e T AR KR
st F AT M 5308, AR5 X PBS.GPBS . LaCAM
LaCAM* }2 IPBS-ccbw TR A LA 152 24 /AT

FERT )52 24 BE I, PBS 28 1k T B4 24 15 Ak AT
AL HE . FERIRIIE DL, 758 0T O(b" ) A~F7 i,
b kA 2 W F (0<b<2) , d h W B E B
(1<d<N,,,). B SR BAE R R PATIE SE 2HE
JF 2 BE AR R S FH B )R OV yene * T ) (N e
SRR RN EL, T, N B I 2 B A2 1 48 2R B[R] ).
IPBS-cchw BIE B INEY T T — A wh 28 718, I 0] &2 4%
HHET O(1). 7E GPBS Bk Hh 5] A Mg PR AL T4
208 Nagenl ~Nagem i) 1C (Induced Constraints) 45 F4 , I} 8] &
O(N e )- TEZS AV Z I b, PBS J 5 g 4341 A
FE T RE AR ) BE AR L 25 THL R O+ Ny Linay )+ 3211
L, KRR | IPBS-cebw i FH o -4 g , 25
[ 5224 BE W O(N o). TE GPBS B35 15| A 1C S B
978 [0 B2 A4 O(N e )-

FE LaCAM 205 i BN R AR Y w7 B 1
(O PRSRE SAy T 457 B BE A d i, D4R T ) (1< d i <4)
WOAERT B BE b 5y S F b=d, g+ 1, FE T AR
W% AP R BE &, BRI ]2 75 i Py B A 5 e ik
[ RIA RS 2l , SRS BF IE) 25 A BRI B IR]N O(N - dion ) »
B ] O((d g+ D™ - Nyt~ i - LaCAM* 5 25 5|
A S BRI Fi G Sz 5K pR R, AR X T A B )25 A B
FA) BSF ] SF 156, 33K 8 43 Bsf 8] T 489 W . 76 4 R B 2% B I
LaCAM 8B A6 T C R RS, HE M E N
O((d i+ D= ), 29 AR 55 1 1 6 A2 000 o5 ) OV e -
Ly ). B IRE R O(dign + D™+ Nogen Ly )-
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25 TR, 15 PBS .GPBS . IPBS-cchw & LaCAM 2%
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ik B 61 52 2 g %5 6 5 2 g
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IPBS-ccbw O(bd ) ngcnl T, ) O(bd : Nagcm L+ N:gcm)
LaCAM i .
LaCAM* O((dﬂeigh + 1) - Nagent : dneigh ) 0((dneigh + 1)+ ]\/'agem . Lmax )

IPBS-cchbw FLILFEAE G B AR AN I AL L, 51 A nh
S8 B K B 1 25 A AR R B L T AE T S R L R
X1 A W S A R A T B 1Y Bayesian 58T, 7843 F)
FH A5 B A TR B AT R PR T i 52 2 B, DA A B
AR 5 b B 2 IR S P4 . R S AT B B 2
JEI, B[R] FF 45 5 PBS AR HERIBY . A4S T GPBS I £ 3R
1 LaCAM* [ TUAY L84 , IPBS-cebw il 11 3 25 A% 5 1) 2k
ML, BRI T 2 Sk BR 00 H B PE, OHLRE T #6425
T AE . X — S T SR AE B ORI A i
PRI T 2 26 B mT s A o o = L SEBR R R A
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4.1 XWEE

Sk 56 UE T 2 B0 B A ROPE S SR TS [ s Tl A 70
LS, R 4xd i1 8x8 F JC i itk b T A A 7N A ) £
FLSE . A bR R 4R A i BB BRG] (empty-32-32
random-32-32-20 .room-32-32-4 .maze-32-32-2 , fEfi5- %5 )i
A3 5K 0% . 20% . 33. 4% . 35% )27 HE AT I HR A 1 B
T2, DA5S UF JIT 588 53 1 A SR e ) 2R 5 3K A B TRl AR Ak
A5 Rk . X E B ¥k Sk WdSIPP!® | WiSTPP® |
EECBS™"  PBS"!  PBS+sr, H 1 PBS+sr 8475 il & 5
WP T M LR 9 PBS B0k . KA B ERE I E .
WdSIPP F1 WrSIPP it ISR LA 2 1.75. EECBS 3k
B AR IR &% R 1.2, EECBS Jig i T WDG Ji & 5K
(WDG Heuristic)?" | % J& # B (Rectangle Reason-
ing)LZIJ . 7E JBE 4t 3 (Corridor Reasoning)L21J NER X $ti
(Target Reasoning)" Lk & 2847 (By Pass) ™" %5 5 s .
IPBS-cchbw B R H a=0.1.4=5 B BIE K=15 I K%
R E MR EC=5 SEATF B L . A Bk
Ubuntu20.04 1) 16 GB UL FisfT.

SR SR A BT 2R O35 f ) 8] DL SO B AR AR
M = AR % T R RO PERE . SR IR R

it FSF 1) LA RSP 349 B AR AR (0315 0 00 A < ok
i Y E/207 “20 URAT: 55 3K fift B[] =22 #1720 LA B i 2y =k
it AR AR A 2 RN T R g UK. 3 5 ) R A Rk A
V] PR 5, D) JH SR foge i ) 42 48 b i PR 3 AT B L 5 T
SRR B0 A 20 T R B 509 , 3% 2H BR AR AR AN B i
AR LIRS B S . 7E empty-32-32 37 5, T &
RERBUR R 2, R TR A 120 s 5 Hoftbdg o i 8 1 s
[ X554 60 s.
4.2 IEEGINRE LGSR

Ke(a) 5 T — 14 x4myas i, s FiE T
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cost=23 cost =22
No6 | conflicts =1 | N7 confliots =2
|

‘No,sl cost =26

st=
conflicts =0

IPBS-ccbw
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IS e

FI6(b) &R T WA S 7[R — B RIAT: 55 Hh o) ih ¢
YT 2 T AR TR S . Herp 5 63878 PBS vk dh
JEE (1)1 A5, A 40,3571 TPBS-cebw S EE 4 B 19715 15 . 2 Fhd4
R A B A AR UL 3. BExE BRI, IR ATTR T
SONY 25 A4 77 1) Toio B sAL S NV 5 2175 525
PLEG EAS SC 2 HY 11 IPBS-ccbw 38072 78 52 b 30 455 0 19 1%
PRI B E RN AT AT Pk . S 4 S5 0 235 R UL A0 A8 4%
https://b23.tv/e9UFyfH.
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ik
PBS %42 IPBS-ccbw 4%
a, 13—9—-5—1 13—14—13—9—5—1
a, 9—8—8—8—8—9—10 9—9—10—11—10
a, 456 4556
a, |6—10—14—13-9—10—11—7 6—7
a, 11—15 11—15
a, 3—-7—-11—10—14 3—-2—6—10—14
a, 8—4—0 8—4—0
ag | 12—1329-9—-10—11-7—3 | 12—13—9—5—1-2—3

T LA I LB A

22 345 L TS0, 7F PBS Bk v, S BB AR 1 B A2 A7
FEAC B ] S5 R B SR B | 117 IPBS-cebw 37430 3 47 4%
) o R T U TR e RIS AR A AR ML, D ok A T AR
12 . PBS B AR AR e Jre B AR AU J /NI 1 i, e
B EEARAMN Ry 32, e K IR 25 728  FE PT B T 7
JE S TR R S TPBS-cebw 1Y 1 58 AL HE {H
M1 SRR R AU sREUE MY No.3 5 £
HATOLYEHh R . 7ESh SRCELE T vh g AE L7,
No.4 35 55 1 No.5 17 45 14 A AR A BREU(E M Cost, =
24.2, Costs=24.1. Pk, Bk e 8 7 A M R B0 (E T /)N
() No.5 7 s il AT e J2 . 2%, IPBS-cebw {4 B T
9T R BN , HERARAAN Ty 26, 5 PBSTIEAA L,
A BB B8 1 6 20 TEPT FAUHE 1 42795 5.
AL L, IPBS-cebw 57 BB % S 80 =5 25 1 o 28 T8 ik, 42 7
BEAR RN 1) k) 2 5 AR AR R
4.3 IME/NEES IR R

FE/INHiL P T A A 6T b2 SO R
fig , 75 8x8 Y 25 Hb K] [ JF e BEALAE: 55 10 S0 00, i &
TR R BB, R BRI I AT 55 B AL AR 1
ZH SR AT 20 YN, Z5 R an 3R 4 PR

R4 NIEZRHIRSITR

BREA Yok AT | AR | SFsR R
Heag B * o ) /s
PBS 4.7 49.0 0.000 2
10 IPBS-cchw 43 49.0 0.000 2
" PBS 327 105.1 0.001 3
IPBS-cchw 21.6 104.7 0.001 0
PBS 94.6 206.7 0.007 8
0 IPBS-cchw 572 181.1 0.003 6

T IR A R e 2 5

HRIE 4 1 BE 73 H7 , IPBS-cebw B EE7E /N T
) 20 RE R S AR FLRIMT: 55 Hh e B T 38 35 1 PR RE A 95
JCHEAE R e B R R S N S BT, HOE g 4R
ARA FIR AR s 8] Fr 14 B Ry S 2% [a] sf S 2579

ol EART PBS Bk R EE T H SR s Y R g
AR PLILRE 1 . S5 RE AR 30 B, TPBS-ccbw 5.
AE PT 9 s 50 O ¥ AR AR DL B K fife B 1] b 45 7 i
& 4350k 12.4% . 39.5% F153.8%.
4.4 KIEFEHESNIXER

Sk I R AR 55 %8 4 B b e i S R g AE DU AR
32 x 32 Wy M ] AT ELAC I, W 7 s . R T
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WAL R R RE . A IR Y HEAT 20 IR BEALATE 55
LR

(a) empty-32-32 3%

(b) random-32-32-20 it

(¢) room-32-32-4 H1[%]

K7 BEHLAE 55 286

(d) maze-32-32-2 i[5
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(&1 8 T, 6 2 (1) SR Ak B ) 3 R e AR5 1 B
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FVEAH HE EECBS 5835 F L B 41 Jli 2y 6.

PBS+sr B IE I T 5 W PE A AL, 248 RE A%
SIS, BRAE AT ROF N TR A R A B, AR A IS AR
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Rifi 5 AR B B AR W IN , EECBS B35 131 R & 4%
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K, EECBS 8 ¥E Fl PBS 8 ¥E 1% i JC 15 R fi# , IPBS-
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BReRm LY Soh R R L= 425 v 58 B Ak
i LA Sh A V- AR AR 5 v 2T I oK
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%07 W IR LS BT 2N Bayesian AU Y2t PBS 2250 REIAR FK A2 K0 R0 557 2369
®5 FEESIMEENEHBEERMN
Hh & B e WdSIPP WiSIPP EECBS PBS GPBS LaCAM* | IPBS-cchw
200 47492 4749.1 4539.8 43924 5386.0 63274 45555
empty-32-32 300 7425.6 7419.9 74589 7142.0 8 748.6 12703.6 7481.0
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