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Research on Incremental Heuristic Path Planner with

Variable Dimensional State Space
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Abstract Path planning with kinodynamic constraints is often required for mobile robots. Meanwhile, the robot often
operates in dynamic and time-varying environments, so the effectiveness of the planner should be guaranteed. In this
paper we present an incremental heuristic path planner based on variable dimensional state space. The proposed planner
not only considers the robot’s kinodynamic constraints into planning, but also guarantees the effectiveness. First, the
variable dimensional state space is designed. The high-dimensional state space is organized around the robot and the
low-dimensional state space elsewhere. Then, an incremental heuristic path planner is proposed based on the variable

dimensional state space.

The incremental and anytime properties of the planner are guaranteed by reusing previous

computation. Finally, the effectiveness of the planner is confirmed by simulation and robot experiments.
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3D (z,v,0) state space using ARA™ algorithm

B G PE T UAT Rt i v i AR R R ST IR AR,
JIT i A LR S0 (0 R R i M A B R, B

0] DLAE 4 1) 6 A% 4 2% 0 R b ) FH DA B AT
PRI I ()98 R g5 AL SUB I R, 1A M £
BT TR R ERAD, TR B DN IE /0 42
REL SR [9-10] $2H T —FhE @B SIHLAE A 1IIE
Bl LT Lo, K5 4 S FI R A ) 3 0 ) i £ ) —
RUFEFE A ) AR R 7 3, %5 B B E e
N 1) JE AN I 5 R B RE AT B AR R, AR,
ANHGWEE. AR, WATY R T IXM s
5, T I AN W A b P R ) DG R RS B LA N R
Bl Jmy 38 DX 3 | N e iR = ), A B e s i
YR 75 25 L FEAL Y BB C R, Bh A 4L AR
YRR ZS ), JEH T —FhIk AR 4 R & 25 W] 1)
18 M AR R T 9, T ARAIE BT 4R ) AR
K7 B AT se A YRR B TR T 0 AR R
VI T LUR AR ANAERS S bl N [ () Ja3 8 X 2k
7 B 2 i R A S AR AT R A R, N T ARE B
13 BRAR IR V3 0 B T AT P, 1 LA R o X 3]
DAZH 2 4R 25 25 ) R AT 4 R, A i i %
IR,
1 ERRAKI B R E X
1.1 fFSiihA

N T RKRTE, FEARLFEINT 2555454
Pric. XSRS R R KIS UL 1 R,

£1 SR

Table 1 ~ Symbol description

it

X
R n Y I A ]
Sn n YERERE M)
W TARE#E

G R
A
(@]
C

L2 LIR YN i
PR A4 X Jok
2R YN R
Cobs I A5 A9 A 1 i)
Ciree H 3

1.2 BEMRIBNREZTEERR

TERE B ML N AR LRI 50, HLas N BT fml
Rela B ARG, R AL NI R |], AAT
5 C R, [FFE, BERG R 8= (A LT 5 Cops &
N T HLER ANBERT 8%, X nT#e3), ik, 3 6
NEME, 2RI E R (v, y, 2) MEE (¢,0,1)
For, Horb o 0 F o o3 Bl M RN £ R
B TR AS N TAE T, A
I, wf DOGHHLES Nz sh AT 4k, {075 EpLEs A Hy



1604 H %)

r, y FTETRS RS 2 BB, AN
J7 I AL RS S A A A, B 2 = ¢ = 0 = 0.
ST BB, DS o RORHLB AR TR,
5w RN BRI E, &R QN IIE R Y
WA

yeost — zsinf = 0

& = vcosf (1)

1 = vsinf

WHRL 2z = [z,y,0]" BRRERE, u =

[, w]T FR IR, AL ARG R
iR

T cosf 0

[SinQ v+ | 0 |w (2)

0 0 1

HiEmr s, W = R?, A € R?. ik, Hlas A
Fey 24 2% ) AT R

C=R2x S8 (3)

WAREL g Rosblas NAER RS 8] rp I,
LLA(q) € W Ror q BOERI AR W A ARG,
YU e 0 FR ) PR 4% ) Cops AT EH 25 1] Cie 1T 233
DS PIIE S= os

Cobs ={q€ClA(g)N O # 0} (4)
Cfree - C \ Cobs (5)

AR R (1)~ (5), 1T LA B 2 0 3] 1) i
ZHGER SIS NI AL B G P IX K
O. L& NI B 0] C KB IR A seanes
gg—lj:;ljt%% Sgoal (Sstartasgoal S Cfree); %IJ}EH *H?%
% A2 R LR KRl n =
{80,851,y Sis sk}, WM Vs, 5 € Crree, H.
S0 = Sstarty Sk = Sgoal-

M, AR R TR R SR AR T e e DA A L
(IR 725 23 1) $ R SR AT S DL B A, i DR 2 28 1) U
BRSSO HRE Z HER R RS, W
VUICH [S, E, Sy, Gy 27 A2 LRI ) il (1 4R 25 74
], Horp, S AR AR P RS WS, 1 E
R RCRES Z MIER R RS, Sy (Ssare € Sh)
MGy (Sgoar € G) 732 A2 HL R (RS 45 IR AN
ZRAR L T LR A X TAR R4 5E A
TR s, 85 € S, A E A2 W IR I AR
c(si,85). WERLL e(m) FRoRBRARIHAE, W LHLE A
1B 7)) J LR 2 R i A R il 20 mT B B DA A AR A

S 39%
1 R E2 e E 71| M D S
k
c(m) = minz c(8i_1,8i) (6)
i=1

2 THEIREZE
2.1 THERSEEHEIKEE

X FARA 2 B B T RUIRES, WRE SR
By NIz sl LT 23, P 2 20 IR 2R 2 1) Ky
A2y i IR A A TR, RS 72 18] 2 5501 1 e
R R AR I TR IR M, WARAF SR )
Plas NS sl JUM 29, Eean =% i85 RORAS AL
B (r,y) 7T AR, Prakfs s A T
PAT. L, O T BEOREER AR R R R, SR
WEREE AR 21 B THAT IR AR, ARSCIRI T —
AR A AR A3 0], AR SRS 23 A R S A S AR
FENLAS N 1A B P S5 78 DI A 2y AR A 2 )
AT v R, A X 3l A A AR 7 2 ) A TG 4
&, Wl 2 s,

Y ||

2 AR IR ]
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