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Improved Probability Path Graph Method for Robots Based on
Goal-oriented Sampling

CHEN Zhiyong WU Jinghua
(School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: Due to the complete randomness of sampling, the traditional PRM algorithm was often difficult
to be applied to the robot path planning in the working environment, including narrow channels. To this
end, an improved probabilistic roadmap method (Improved PRM) integrating global goal-oriented sampling
and local node enhancement was proposed and utilized to the path planning of a planar grid map scene and
a 6-DOF robot. Firstly, the global goal-directed sampling was combined with the random sampling in the
proposed Improved PRM, and the probability of global sampling points falling into narrow channels was
raised by the mixed sampling, so as to achieve the heuristic map enhancement. Secondly, nodes in narrow
channels were extracted by using the node weight idea, and a local node enhancement strategy based on
Gaussian distribution was used to expand new nodes in narrow channels to enhance the connectivity of the
map and the success rate of path planning. Finally, the redundant node elimination strategy was presented
to optimize the initial path planned by the algorithm. The simulation results of the Improved PRM algorithm
in the planar grid map showed that the success rate of the algorithm for robot path planning was more than
89.3% . Besides, the comprehensive evaluation and path quality evaluation were both higher than that of
other algorithms. In the simulation experiment of a 6-DOF robot, the average path cost obtained by the
Improved PRM algorithm was about 42. 7% lower than that of the traditional PRM algorithm. Meanwhile,
the probability of successfully passing through the narrow channel was also 68 percentage points higher than
that of the traditional PRM algorithm. Therefore, compared with other algorithms, the Improved PRM
algorithm had advantages in improving the success rate of path planning, reducing path nodes, and
ensuring path quality in the working environment with narrow channels.
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Tab.2 Parameters of some nodes extended by L7, 3L, xO0. 3t x 10 (11)
Gaussian distribution mm = EF' S % s %1% % ﬁiyj%:
e 7S X ok 3 5 4R e ven 9
Wy; ﬁ’fiﬁl‘ﬁ ) RIS 1 5 A A L, —# G 53 H AR SEL B AR K
R4 4N 4 S
L,,,— #4010
(266,416) (237,374) ,(258,412) , (269 ,374) B A j ‘ ‘
SRk A L S B )
(162,358) (159,353), (178,376),(158,329) .
— > N A 73 ‘l V;
(254,397) (224,392),(243,379) , (269 ,385) HiZ 1 AR RRT = Connect 5535 Y Bt 42 LA I
R jm) 318 — \ 3
(185,377) (162,378),(173,393), (184 ,382) DA EA, HA 29. 6% , X UL W] RRT — Connect 5735
Y 03 /1—‘—» N . S S L\ Y. I_I o 4%
(263 410, (265 415) (236 414) (260 445) 135K 77 1 MRS 30 T R o B ML — 4%

Al FF 0 B 4% . Gaussian PRM B 3: 4 i I R 55 15 45
PRM 54k 24.4 A~ H 40 45, Ui Gaussian PRM %4
RATTE— R R AR AR B T R, TR

T FIR L ML AR PR RE R LR A VY
HECE, K
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R A —#E (RIS 8k B0 , Tmproved PRM 55 3%
() BT 2% g R (R 100% |, S IRME R 89. 3% , ¥ T
HAb S5 X W] Improved PRM B335 AT LA £2 55
P AR BRI B

P R i B/ T O s 7 SR < B V|
FHI 22BN B 8, 4% 58 PRM 550k HT I f 22, RRT —
Connect 5 3 1] i) 5 /0o Br LA AE AR 6] 09 36 55 T,
Improved PRM V5 1E N 2 #E 2 I [A] (1) K& ilt |, 7T LA
AR AL AR N B AR 0] Y ) R ORI B B
A2 L) B A E 1 o

MEEG AN 18 8Ok A, Improved PRM Y 25 5 1T
W48 B e HAB ST 75 % o Improved PRM £5 4 3F fi
T8 8 f i (A 36. 465 LU H A 5 1 e i fH 25. 754
41.59% 0B Improved PRM %5 H fh 55 32 G 9% o1
A S AE B A8 T 0 5 2 PR P R B — R Tl
HERRILEARE . R 1 A, 24 J5y H 4w X 3 5 )
REE N N 32% ~ 42% B, A% BRI A AR 2h R A
LA TP R B B

f£ 4 PRM . Gaussian PRM . RRT — Connect,
Improved PRM 575 ¥ K B AL R AR, 48 1 #6172 Fifi
LM, B DAL R 9 B R S AR E R Z 1 TR
Rl 2 € e N B e TR i e ) S s o
AR E BARIR A LB A S AR T DA 4 4K
E, iH5E AN

Ez _ (1 _ Foow min

— 12
Lx in T ( )

A N, — AR RAL

%3O 4 FhEEAS B R BRAR DR U AL,
223 W LA M, RRT — Connect H) ¥ 1 B% 42 18 #%
R B AR 2, AR 0T VT 8 B AR AR
25.0% .Gaussian PRM[) % 12 it it ¥ 4y 48 24 L 1% 42
PRM [ ¢ 42 ot & 3F 48 2% 0.2 > 1 7 A4,
Improved PRM P [ 4% 5 & V1 35 3% i =5 (E 83. 6%
H, Gaussian PRM & 38. 5 N H 404, X BB Tmproved
PRM 4 21 i) e 42 o 4 A

*R3 BEREXL
Tab.3 Path quality comparison
TR THEE AT

Bk SRk
Wk AU /mm M RE %
PRM 15.474  784.300 44.9
Gaussian PRM 15.464  782.336 45.1
RRT — Connect 19.788  903. 662 25.0
Improved PRM 18 8.847  766.537 81.8
Improved PRM 16 8.687  765.280 83.6
Improved PRM 14 8.986  765.633 80.7
Improved PRM 12 8.863  765.873 81.8

IR Bl AR ST 4 Tmproved PRM 35325 1]
DA b 452 vag 0 A2 T R 1) ol 3y 3 A A 2D AR T
FOBC RRARBR AR AN, e A% 529 PRM | Gaussian PRM
I RRT — Connect 35 BE 1% 1 25 5 Hb 4% 3] — 4 TCAilf
AT AR
3.2 ETROSFEMAEHENBAGELR

R it — L B UE Improved PRM 583 1) AT 471 , 4%
SCFE ROS fJf H A & ik FH MOTOMAN — GP7 Bl 7%
H LA AR O5 B0 R, L4 AR D - H =
LR 4 [R] 4 B AT P 7 3 1Y 52 2 0 FLER R
DL 3a; 314822 5] ] Improved PRM } 14 4 PRM &
L XS HLAS A A KL 7 B0 L 9286 . 7R 3a v,
Z: 7% N bR ZR ST AE AL A N R v Ab & R AR )P
NN WS EA R = SR IR

%4 MOTOMAN-GP7 § D - H ¥

Tab.4 D — H parameters of MOTOMAN - GP7

o/ a;_/ d;/ 0,/ Tl B
KA j
rad mm mm rad YU [l /rad
1 0 0 330 0 -2.97 ~2.97
2 -1.57 40 0 -1.57 -1.22~3.32
3 3. 14 445 0 0 -2.02 ~4.45
4 -1.57 40 - 440 0 -3.32~3.32
5 1.57 0 0 -1.57 -2.36~2.36
6 -1.57 0 -80 0 -6.28 ~6.28

(a) Bmshid e

(b) LI A XAt
K3 L4 PRM Bk fj B A5
Fig.3 Simulation results of traditional PRM algorithm
P BB, ZEORAL &8 A v 4 &5 R IR 8 P,
(BB AR H (0.17 m, —0.45 m,0.43 m) .RPY £f
S (0. 13 rad, —=3. 13 rad,2. 02 rad) ) R 7] 8 & Hy fi&
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Tab.5 Obstacles’ information

GRS

L7/ 27N RF/m %/ (mxm xm)
P45

1 Bk i 0. 15(2f4%) (0.39, -0.49,0.56)
2 Kk 0.2(£),0.2(58),0.2(7)  (0.86, —0.38,0.44)
3 K 0.3(4K),0.2(%8),0.3(%)  (0.61, -0.50,0. 14)
4 Kk 0.3(%),0.2(%8),0.3(7%5)  (0.44,0.07,0.28)
5 KFM 0.3(K),0.2(5),0.3(%)  (0.80,0.06,0.28)
6 Ak 0.2(2F4%),0.25(8) (0.65,0.57,0.25)

34 2 4.5 It i e 7 3 T KA H AR i P, (0 &
A bR A (0.65 m, 0.29 m, 0.35 m). RPY f4 h
( -3.08rad, - 0.06 rad,0.41 rad) )., R, F H
ROS ~-5 % KDL 3% iz 2l 27 5K fift e 4 Bl as AR I 46 A
L2 M 4 SRy ST 25 8] R & SR I R OR AL B, i T A 2
L IR I Y R gu, = (- 127 rad, -0.15 rad,
—0. 69 rad,0. 28 rad 0. 57 rad, —0.37 rad) "1 H 4575 45
g, = (0.41 rad, 0.43 rad, - 0.22 rad, O rad,
0.72 rad, —=0.06 rad) ",

D5 ELIE, #2458 PRM  Improved PRM 5% f) 45 35
7% py B 2 rad, LA Tmproved PRM B 3 1t 77
A Ja PR R BN 37% ,u, =6(j=1,2,,
6),w, =0.002,g = (0.8 rad, 0.8 rad, 0.8 rad,
0.8 rad,0. 8 rad,0.8 rad) ",

UL 5 PRM 35 3% % Tmproved PRM 57 3% 4
BIX ROS - & th i Bl A A #EAT 50 W 2h 1Y #% 42
A7 B S8 B, IR0 SR 2 A O 1k e IR AR R )
JUT A 30 ) i A A AN LR ) R R) K e 7 G Y G i
B o WAL, S PR IE AL 8% A\ BE 98 ~F £2 A0 46 12
Hizgh B H AR L&, SR = ORE % 4 8 Ok AR
PLEs N A mas shii g™ o |3 b AL S
PRM 17 HE U i A2 B R0 45 3 19 AL & Nz 3h il 72 &
K% & Fe 22 Ak it 2k, 181 4 O A HT Tmproved
PRM 347 3t U A2 ML 400 45 21 1 AL A% A iz 3l it A2 ]

Fe 25 K B AR At 46
P S 0t i B 2 SCHL AR B AR AU A

L= Y Y 16" -9 | (13)

A N —— R AR ML A5 2 A 5T R

THE PR 50 U0y B IR 1 F  BR AR AT
- B RE A R a e A T TE R, ML 6

HI 32 6 AT, £ 50 Y0y B S0 v, 7 R ARk A
- 24 i A2 ML Al i 8] I JE R K 22931, {H Improved PRM
B A5 B Y S B0 AR A0 0 L £5 G2 PRMUR K B IR
42.7% , E A B T T AR L A ST PRMAR 55

(a) BBhIFE

(b) HlLas A4 KT IE Sk

Kl 4 Improved PRM % {5 HL. 45
Fig.4 Simulation results of Improved PRM algorithm
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Tab.6 Comparison of simulation results of two algorithms

ok SEH AR, SEER e e

A rad I 17 /s SERI R/ 14
PRM 7.550 5.008 7
Improved PRM 4.325 5.021 41

68 N i AR, BlA B AR S ) RAE R Ry ER Y A5 1
B[ Improved PRM /%45 PRM B35 TH G F LA AALE
LA 78 3038 () 52 24 A B h AT A RO AR A

4 HWRIF

BEuF BAT Pl ) TARPREE , AR SCHR I T —
G S o S M E R = S ISR R E S S R | N
Improved PRM 83k . B L P2 T &5 H s T M
KA S BEALR AR B IR A R AR 7 3, AT 4R A R R A
SRTRAE DA I N S ) A RE R SE R K U
VL 8 5 5 e T e B0 20 A B SR Y iR SRS, WA Ak
3 5 SRR AR P A A% ) T SE P B2 v A A ) B A
T TUARTY s M Bk 3 g ST A — s 7R b 9 b e
T a5 S AR AR, Xt B0k K A % A 3O AR 1
Mo D BASRFW, SCrb B $2 59005 16 1 Hi A% 3 5t
T AR LI B R ATk 89. 3% L L, HER & WM
8RO R R PO 48 KO o T A 7E S A
1B ML A B AR LA 5 3 5% K, Improved PRM 55
LB A 2 B A2 AU AL S8 PR B K B AR
42.7% , Y138 i B A% i G AR L LU AL 58 PRM 42 &
68 I~ 7r ki o
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