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Path Planning and Obstacle Avoidance Algorithm of an Autonomous
Traveling Robot Using the RRT and the SPP Path Smoothing

*
at of 4k of o 4

(Yeong-Sang Park' and Young-Sam Lee'"")

'Department of Electrical Engineering, Inha University

Abstract: In this paper, we propose an improved path planning method and obstacle avoidance algorithm for two-wheel mobile
robots, which can be effectively applied in an environment where obstacles can be represented by circles. Firstly, we briefly
introduce the rapidly exploring random tree (RRT) and single polar polynomial (SPP) algorithm. Secondly, we present additional two
methods for applying our proposed method. Thirdly, we propose a global path planning, smoothing and obstacle avoidance method
that combines the RRT and SPP algorithms. Finally, we present a simulation using our proposed method and check the feasibility.
This shows that proposed method is better than existing methods in terms of the optimality of the trajectory and the satisfaction of the

kinematic constraints.
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Algorithm 1. The RRT generation algorithm.
GENERATE_RRT (x,, K, At)
1 T.init(x,);
2 fork=1toKdo
3 Xrana = RANDOM_STATE();
4 Xnear = NEAREST_NEIGHBOR (Xyqna, T);
5 u = SELECT_INPUT (Xrqnd) Xnear);
6
7
8
9

Xnew = NEW _STATE (Xpeqr U, At);
T.add_node(xey);
T.add_edge(Xpnear» Xnew> U);

Return T
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Fig. 2. Path (a) and (b) which are connecting asymmetrical two
points and (c) ~ (e) which are connecting symmetrical two

points.
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Algorithms 2. The path generation algorithm using the goal biased

RRT.

GENERATE_MODIFIED_RRT (xo, X5, p, €, At)

1 T.init(xy);

2 fork=1toocdo

3 n = NORMALIZED_RANDOM_NUMBER();
4 ifn<p

5 Xrand = Xf5

6 else

7 Xrana = RANDOM _STATE();

8 Xnear = NEAREST_NEIGHBOR (Xygna, T);
9 u = SELECT_INPUT (Xrana, Xnear);

10 Xpew = NEW _STATE (Xpeqr, U, At);

11 T.add_node(xpeqr);

12 T.add_edge(Xpears Xnew, W);

13 if ||xf - xk” < e

14 T. path_to_root(xs, Tresuit);

15 break;

16 Return Tyeey s
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RRT_PRE_SMOOTHING (Nggr, dfactor, ObS)
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9 Xinter = Xo + L - dinter cos(@) ;
10 Yinter = Yo + 1+ dinter sin(@) ;
11 s = COLLISION_CHECK(Obs, Xinter» Vinter);
12 if s == TRUE
13 Nsyooruep-add_node(Nggr k+1);
14 Return NsyooruEeD
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(b) Externally tangent.

(d) Internally tangent.

(e) Internal.
19 8. ol 27] Spp =419 ¥l
Fig. 8. The relation between an obstacle and the initial SPP curve.

SPP A& Lhehlie], QAHA O o) Foldl Ao ol
Uehiic 719 88 Esto] F o] BAeIA 2} ol
o] FEY & ol Wl F o] Wi Wz el 5

Al

ik, 7bgell Slaka s, 919 eSS wout, 4

Al SPP /12 7P R v Ee] o 7] wZel &
=% 7FsAde] AZ|nR o, offd ve FEshs Ao

sgksllo g,

(a) External and externally tangent.

(b) Secant.

1% 9. el 7] SPP HA3 FER= 4
Fig. 9. The region of the collision between an obstacle and the initial
SPP curve.

vputo 2 A71s TE U el FEE 75
o] = €%, oA 1Elal whd e A, Al
7} SPP o] FESh=A| 1 & 2
of ghtt.

9 9olA] Al SPP AP FEShE FollEe] A=
Z}zre] 49 Aol dgeith reuR o oY we o1
& 9@)s}t 2ol A a, b, c2 °o]FoIW Y Ao Do) T4
o] AvhH FEI= ZoRE AFsGaL v e 19
9b)et o] AA a, b, ¢, d2 ©]FoIW FG Aol 9] FA
o] i FEsh= o ® Al
3. o= slmf L2 E

7] Section 425 F3l FolEo] AR} FESH= AVt
g a8 103 o] Who) R’Ol SPP A& A= vHso
of g}, ojuf 7 A9 R’ 7]¥ RRTZ AAdH A=e}
U olA, ol ez ulge] dAIE 7HA AL glofof stk =
7] 8PP & YERE 9] TS (x,y)ehal shar, v
& RolZ}aL & uf, A2 SPP FAE& UrEhHh Aol 4
(', ¥y R o3 28 28 d9ste] 4

o

d

R'=lsinc = (\/(x'— x,)’ +(y'-y,)")sinc

R=r=d=\(x'-x,)" + ('~ Y’ ®)
R'= H(ps +(lcosa)-u

P = FNES] T4, pe = Nowoorep @1 7 84, 12]aL
u09]— us = 27 A F AR v Hek WE|e) Fu AA

whe] g wElE Uitk 92 Addtel A8E (v, y)st
R'E /\],Q._O]_o:] *Hi—?— }\]xl— 7<-]7<44,]. s 7<-]x40 q-sl 2= o]
3, ol F3) SPP S WA ol ek A
o] spp =4ds A & 9l

px,¥)

T 10. FollEel] SESA e HA | SPP Al
Fig. 10. The optimal SPP curve that does not collide with an
obstacle.



Path Planning and Obstacle Avoidance Algorithm of an Autonomous Traveling Robot Using the RRT and the SPP Path Smoothing 223

V. AlEzl|o|M
A AR AlEFelAS =2 (0,07 E2H (4004000
delo= o] WAt FellE2 gl vl A (180,180),
(310,230), (150,350), (300,350)S FAC= slar v 5091 ¥
S ARSI Xpgng = 2,2 BE WF pE 055 AAE
o} TEa¥S TE3F pcE FYE%7) 340GHzS) Intel
Core i7-4770 ZEAAZ 7|HFo 2 3}a1 8GB HEZ S 71X

a7 12 AlEdeld Aot I Folles vehi,
Wyo s AYE 425 Uehla, H4L 7]
Hasiits 483 J28 vepdith
Ad ol M= 71 RRTSE 2 zbo] 7} QIARE, =054 A

s B N
HE e P FAL e AokRae nEAY)
=

5
=
=
=
)
AV i
o,
Y
r>~
o

%

tlo
N
"R
o
2 =
o o
2 2
o
i m{é
2 I
o o
> N
(o]
O
=
d
tob
&
Ir
k]

350

250

200+

1001

50

ol & I I I I I I I I I
-50 0 50 100 150 200 250 300 350 400 450

15 11 AIQkE I 7] RRT 22 2ol
Fig. 11. The difference between the proposed method and the
original RRT path.
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hya =

1. =3 bias &5 poll W& F A3 ARE

Table 1. The total execution time for various goal bias probability p.

p RRT (s) SPP smoothing (s) Total (s)
0.10 0.6303 0.0294 0.6597
0.20 0.5451 0.0312 0.5763
025 0.5088 0.0346 0.5435
0.30 0.5299 0.0338 0.5637
035 0.5478 0.0343 0.5821
0.40 0.5272 0.0352 0.5623
045 0.5833 0.0356 0.6189
0.50 0.6463 0.0349 0.6812
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