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Abstract In this paper, a method for adjusting the executing path of multiobjective path plan-
ning problems under dynamic uncertain environments is proposed. The backward multiobjective
heuristic search algorithm is proposed firstly which starts the search process from the goal state
to the start state to solve the given multiobjective problem. Then the dynamic multiobjective path
planning algorithm is proposed. The algorithm performs global planning according to initial ob-
servations to the state space. Incremental replanning process is performed immediately when
changes of environment are detected during the moving process. The replanning process can exe-
cute incrementally based on the global planning process to revise the path between any current
state and the goal state efficiently by reusing parts of the saved information of the previous
search. The experiment results show that the dynamic multiobjective path planning algorithm
adopting an incremental replanning can solve multiobjective path planning problems under dynam-

ic uncertain environments efficiently by reusing the information of previous search.
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global planning; incremental replanning
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EETERFEWERE RN — K ERS, K 2
N SaaT Seoa Z M T AL ERIR RS B 2(D) 1 Saan
TR I SR bR IC o 52 bR % 3l B 42, 7 gl o AR v 2R
MG B AR BELE Schanee B B R AR IE 1 AS ) R
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FUPREE AL L S AT AL Bl AR BB 2 » Sennee 5 Seon Z
[FI] 14 oKL 552 2 A 10 DA 0 3 4% s A AT ) 0 LR
ZORMG I LB iR A
5.2 LIRS

W73 S 4 B4+ T S s TR R ) I 25 R
A i o U] )17 D0 B o HE DL L PRI 3 98 0 S 6 X
P> H b R R 35 A Sl 1 A A7 0. S R
S TR AR R AT 4 TRy BRI s e H AR IR 25 Seour 1100 1 AR
B S ATIE R I ISR 09 e I B8 A2 4R & v e 4%
— 2N S BIIE Sy 9B S BEAR. 5 1 B 20 52 56 M
A 2l A PR ) 3l 25 A5y 11 BH 24 0 k2R A
PRI 3 B TR A SR AR R 5 2 TR O SR I A RS
2l A8 R 2 52 PR A2 SR S A AR A I 3
P B SR AR A0 3 5 3 T 20 0 g T R R A R A

ToIa K A5 B PIRRG B0 i 45 SR B AT L. 5 4 3 Xt
FIAR B8 B0 A B2 T WA 09 ) A0 A7 03K 20 A
DMPP 5835 %t A [6] H 5 R K i) 3l 25 i A L&) 7] 3t
(19 3K figk RE 1.

55 1 0oy SR R A% T T RE B B A B A B 2E
B —AAE T Z A BB ZE IS, 4 A J7 8] AR SR A%
otk E . B 2 15 OO 1Y) 3 A5 A8 AR 5 2]
R AL B AR AR B Y O 288 Bl ad e PRI B S
] B A% 5 F9 e 05 499 A A0S i xR 81 74 A 1 7
B Sevunee 19 Seou Z 18] 1Y I 0 I A2 AT Sy 38 B K.
e RS B i A% L A TR 7 B AT 0 3K B AL B
# AN J7 Ty b B A 0 1 BEL I 0L 1 R T K
[Fa) 80T SR T 49 e O ) 5 e ) Y 0
FE.

k1 DEEBYRETESEMANSEEENNMERILR
R AR A5 R 37 R 4 R
G?g;ébz Initial OPEN size Max OPEN size  Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 218 350 1843 0.6718 478 2093 0. 8145
prob02 172 870 2299 1. 9406 1198 2437 2.4763
prob03 98 979 2783 2.2385 1386 3640 3. 8145
prob04 125 1043 3477 4.1127 2467 5418 7.1218
prob05 73 2757 4642 6.1618 4219 7413 10. 4074
(118(()1;?50: Initial OPEN size Max OPEN size  Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 329 761 3092 2.5706 985 3986 3.9584
prob02 436 1074 4879 5.4673 1211 5922 7.0238
prob03 208 1325 8594 16. 8372 1982 16657 29.4732
prob04 199 2231 29894 44. 2637 3359 44147 73.6754
prob05 78 2757 37723 70. 2385 4219 71413 102. 8967
ngg ;{2: Initial OPEN size Max OPEN size Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 943 1295 40293 77.5713 2238 54672 89. 6574
prob02 1076 2088 88469 154. 3219 3342 109834 191. 2307
prob03 772 3864 110658 231. 4539 4981 198736 306. 5493
prob04 363 4873 189365 369. 8340 6735 305439 587.9384
prob05 468 7659 246864 443. 7482 8720 427763 739. 5870
(;188;350: Initial OPEN size Max OPEN size  Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 1843 7886 256844 539. 5382 8003 298339 938. 6543
prob02 893 7965 300928 795. 3945 8320 409834 1543. 9847
prob03 1009 8993 449384 1289. 4905 8783 539845 2034. 5392
prob04 983 9882 509438 1649. 3937 9998 598473 2937. 3829
prob05 694 12503 590334 2354. 4220 11232 669484 4234. 9833
(;51(()1;;%0: Initial OPEN size Max OPEN size  Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 1763 6795 332105 843. 4324 6984 408797 1453. 3720
prob02 2319 7886 398753 1124. 3874 7978 435438 1993. 2321
prob03 2008 8065 487968 1983. 4524 9658 543002 3053.5393
prob04 1568 8976 527593 2847. 3438 10928 609483 4048. 3483
prob05 1098 13462 632065 3827.2438 14943 713204 5873. 5430

¢ 1 Initial OPEN Size Jy 34 45 55 80 %]y 58 357
AR R YIIG OPEN R KN, 5 A 45 HL I
#{5 B » Max OPEN Size J# & id 2+ OPEN #
(R J5c AL AR B 1 48 2 B HIR A7 R 3 i B AR 1Y)

25 [0 FF 41 , Paths Expanded o & it 72 1) B 2 97 g
BRI RS RN E &, Time/s 2 Jmy #8 5 AL
L AR A PRAT IR (R X Ll 0TS 0 25 R L R ME A B
It B AL W) 4 B BE 8 B3 AR5 84> OPEN B 4%, A
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o T m R, OPEN R0 B K AE BRI Y e
RS R R () A Bk L R Rl R AT i OPEN
T 10 2 (8] 5 /N X ey T SR ML) 4 R T
I M H AR AR A 18] 90 e RS AT T AL R R R T
PRy NE R N LR R A (RS I e P O R
VA AT 2 W0 R 5 s A ) (EL AR 1 s AS T ) 79 R A
A1 2 A L 2 R BRI I A0 SR B 18 R AE B T
AL 3 A B A R AR DR O T R
OPEN Fh— 28 B 42 G 4% 4% I 2 Jm ML 1od 7 4%
TR 8 B R T 22 Y B AR RO i/ T R A R Y
B T3 A0 E LR G A T UG 2 AT AR B ER ) i
Ao oR ik AR R R AR B D T 2 5 5 Y
LR 5 R A DR B AT 4 R LR B AE R A Y
OPEN 3 11 Jic 5087 5K Ak B A7 ik 3% A2 o SR il 80 30
25 Rt 1 2l 25 20 A EE M R AR W L B A

Jay A3 B A 1 3K A9 DX I o 8 3] — S 4 T A Y
TG B IC R D F T I I ) Y RO
IRF JF0) A — S i A8 o L DR 1 ] AR T 99 ik 5 )
SR RCR AT BT 42 w8 o — 26 [R]85 Y 15 8] 20 R 4 w5 3
1 1i5.

5 2 o S g I L A T 22 18] RS Bl A A B
B A= U . 0 o s AL A SRS sl A 3% sl A o
Xt A L 16 i RS Bl B AR H AT BE AL B, A2 s AR
(19 A A8 AN 2 BELJE S8 Tl 119 3% 3l i 42 HL AT E 3 Bln ot
I # s A2 2 3% B AR RS B9 AU A 2 B ALY - B i)
AT R TR LI s FHOR AL LIS Sevnee 3 HAR
ARZS Son Z 0] 1A B3 110 I A2 2R 5 o FF A A 0 K 22 A
AR AR BEALE RS Bl B A b A A [ 7 L 2 A
130 0T HEAS [ By 4 1] A SR T 0% 2 0 K 5 3 o
ALK A LI A5 R . A3k 2 .

K2 BIRKNMTERETHEEEANSETBEANNERIEER

bbb B ELE S LG IPRECE S
(Igg ;1;((3): Initial OPEN size Max OPEN size  Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 65 564 1765 0.7638 883 1892 0.7769
prob02 137 785 1980 1. 3402 936 2219 1. 8763
prob03 81 886 2281 1. 9863 1099 2392 2.7824
prob04 89 771 2163 2. 0885 1030 3019 4. 0082
prob05 73 2757 4642 7.8291 4219 7413 12.9201
(igg;ﬁgj Initial OPEN size Max OPEN size Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 132 837 2204 1. 6492 759 2975 3.0392
prob02 392 930 3892 6. 3975 876 4403 8. 0385
prob03 190 1095 5043 11. 0345 1092 14320 21. 7859
prob04 309 2678 21743 34. 5435 3921 35436 60. 5436
prob05 128 4432 45396 89. 5436 5094 79842 124. 7689
(f)‘g;ﬁo: Initial OPEN size ~ Max OPEN size  Paths expanded Time/s ~ Max OPEN size  Paths expanded ~ Time/s
prob01 583 902 30988 55.4930 1843 43025 79. 8902
prob02 789 1893 75324 132. 5439 2789 99432 200. 8925
prob03 892 2490 94593 199. 4367 3902 154369 325. 4329
prob04 201 5436 204327 406. 9879 8793 389543 690. 8902
prob05 350 6782 278942 489. 6782 7945 456367 823. 6782
(;Sg ;;gj Initial OPEN size Max OPEN size  Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 284 3782 109432 250. 5439 5782 139015 478. 6782
prob02 726 6782 278943 621.7892 9765 438902 1290. 7896
prob03 1128 9023 399875 1094. 7574 10943 589026 1928. 8720
prob04 1463 16784 587809 2178. 4583 19890 704329 3678. 4794
prob05 974 14678 494320 1978. 3567 20943 654320 3089. 8652
(ér_:g;l;ij Initial OPEN size Max OPEN size Paths expanded Time/s Max OPEN size Paths expanded Time/s
prob01 678 4890 278953 638. 4829 5693 397420 890. 4392
prob02 902 6781 348302 902. 4329 8021 489023 2090. 8365
prob03 1903 7302 449824 1773.9264 10049 504320 3389. 9265
prob04 1348 6792 408904 1532. 8820 9902 589025 3890. 3352
prob05 1796 8792 692389 4094. 3392 17993 903214 6903. 7991

122 2 Al B R 3 0 4t T et A g e 5 00 K ek
FEf) OPEN 5 KR BEAR Y J2 50 19 52 1 A) 40 i
IR N B PO R R L U = L AU N

an (Srlmngv ) U Gcl (Svhangu ) EP %IS é}%ﬁé 4—% m i& ﬁ? E %ﬁ 0
F ST I 1 B AR A QM 5 AR B AR HEA T S G R 1Y
PO B s AU AL /N L 38 2R BE A T AL L 1 A
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OPEN )75 26 44 [n] 8 b ok 3 8 1 B 42 2R 17
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BRI S R L MR G B EA SRS
R R AR G S LR Tk AR
X P AR5 B i BT R BT OPEN 3£
RS i BT A [R) A O 4 T SR R AR AR
ME B4R H AR RS B AL R A AR A TR
R B BRI T R0 B R R e A
Rl 0 SR Aiff 25038 22 0 AN K s #5 B sl i R w0 & A AR AL
R A Ak A B Ll B 42 ) G R A B 3 R Y R
R AR T R X R T RE R S s AR
BT Y R IR B 8 T B AR A R ) i i
%5 OPEN £ iEa. e T KREMELY Rt
B WA TR AE R ).

55 3 BB 4IRS R AR BN SR A kR 0 5 e X
25 B RE Y [n) R E AT Z2 R KL R O3 D SRR
DMPP Bk g it Bk R A XRS5 )8 k15
BRIV PEAR Y BT 1 249 5K A i ] AS s )
Ja BAG B8 R B B B AR AR AT Y R S A
fitt 1A R AR RS BRI RE A E R R R,
FUNHE A A SR BEAR AT R 4 R A A
FHSCRE R R AT 1L 08 . R AEAf BT A A B AT: o] fi 8% 1%
SR AR, th R S IR 25 SR nT L R U R R
AR Y R AL S 48 R AR i /N F IS g R E B
R, G KE B TR W& TR
R[] 250 4 &8 43 1) 200 A 48 R I ) 2 5 29 1.5 %, A
3 BE . SR R Al TR & U5 B T
ARG REAE B BCRRT AW B X2l T
2 H b o) UEE SR B 25K il s BT A ) I SIS g, O 3E
SR A — A S A0 A o PR ORGSR A o R ) A o o o
th AL R Ta) R R ) 2 B A ] ARS8 K BT
S I . S K AE B TR AT R R SR AL B AR
TSR A SR T T 2 B bR )RR AS B 1) R T R
HPATH RS B 2R WA B g xR g s %

WA —E IR0 Gk B SR AR R A ol B0 R 2 42
R HE A R R X T IR R AR B R R
i BCRATI A W1 A B . RO TR R A T S
ESURE: 2PN RN SRS R i BUR NN B
BEAR YT A AE — i e S b 45 SRS N 1 R ) )
FHEZR T IE KA 22 H bR B A2 MR TR LIS 353 4
KA KA B A SR A RO A B R

R3 HEENNIBRPEXTRRGEENERERLER

i BRI R A ToJa kA5 B RE R
WU Paths expanded Time/s Paths expanded Time/s
50X 50 2999 5.1618 2846 7.7863
100X 100 22348 42.4568 40894 61. 1597
150X 150 153481 300. 4882 184874 476. 7941
200X 200 407458 1227. 4589 454338 1534. 7891
250X 250 523989 3675. 7846 556947 4054. 9347

e > dE— 20 %k H s o8 S R T A Y
A R TR A I 5. 8 AN [] H s e A9 15 20 23 5l
TEHC 150 X150 MR 24 A9 I B, 3% 4 Birs
ANTR] bR R 00T ) - 8 M R Y 4 B
Pl RS - SR AR [ S0 245 2R R W X T 4%
ANTR] H AR pR BT BT B Bl A AR B R AL
DMPP 5395 ¥ RE G AR L 3 itk SR R A AN [
PR P2 R

x4 BRAFNBIRBEATHERIEE
4 R R 25 R R BT

Paths expanded  Time/s  Paths expanded Time/s
3-0bj 108941 217. 1887 169329 325.7291
4-obj 196723 386. 4861 235483 493. 9264
5-obj 187982 526. 5697 298262 738.4392
6-obj 208392 590. 4876 353724 802. 7818
7-obj 239201 703.7633 438291 1038. 3892
8-obj 332851 937.5468 568496 1331. 6727
9-obj 457639 1157.5698 655945 1573.7293

ARSI A R R W B A 2 H bR B AR ML 5 1
LA

(1) Jry B 3 AL 3 o e E 08 LA g 2 1y 75 =% S iy
2RO B 05 R AT A R A P B RE 8 1Y
- O 42 R AU A 0 0 20 R 7 B A2 ELR AR
JEy HREE AL R 0 OR 9 % 42 L 0 SR fE OPEN 3£
Hs @ R HLRI I RE R Y R B A B AR N R
IS TR R A B AR T RIS R Y A R
GBI R NN YR N[N

(2) MR % 2 RE 08 32 B PR30 AR 10 . bk
A NDE K i Sl B A L B N [T vt
M T AR R T RO 22 F bR R RN I 2 i B
SRR R . 515 P i R A5 B T e £ 0
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Background

The work focuses on the topic of solving multiobjective
path planning problems under dynamic uncertain environ-
ment, which is supported by the National Natural Science
Foundation of China under grant Nos. 60773097, 60873044,
60873148, 60973089, the Open Research Foundation of Key
Laboratory of Symbolic Computation and Knowledge Engi-
neering of Ministry of Education of China under grant
Nos. 93K-17-2009-K02, 93K-17-2009-K06 and Graduate In-
novation Fund of Jilin University under grant No. 20111060.

Path planning is an important branch of many fields of
artificial intelligence research. The task of optimal path plan-
ning is to find a best path in the state space between the start
state problem and the goal state according to some criteria.
The optimal path can be computed in a global planning
process when the situation of the environment is static.
However, sometimes it is impossible to know the complete
information of the environment, especially the exact situation
of dynamic obstacles, or the problems change their state
space for the different situations, thus the moving path to the
goal state must be recomputed by many local replanning

processes when the environment situation is detected differ-

ent from the original observation.

Only one criterion is considered in traditional path plan-
ning. But one single objective function can’t describe several
conflict criteria exactly. If the number of objective functions
in a path planning problem is more than one, it is a multiob-
jective path planning problem. Multiobjective problems are
different from single objective problems because of the con-
flict of the objective functions. A solution which is good for
one objective function may be bad for another and this causes
that there is usually a set of solutions composed of all the op-
timal paths. Due to the complexity of multiobjective situa-
tion, it is much more difficult to solve multiobjective path
planning problems under dynamic uncertain environment.

In this paper, a method called DMPP is proposed which
performs one global planning process and several local re-
planning processes. The experiment results show that the
method adopting an incremental replanning can solve mul-
tiobjective path planning problems under dynamic uncertain
environment efficiently by reusing the information of previous
search and using heuristic information to lead the search

process.



