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Real-time Obstacle Avoidance of Non-holonomic Mobile
Robots Using Expanded Guide Circle Method
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The Expanded Guide Circle (EGC) method has been originally proposed as the guidance
navigation method for improving the efficiency of the remote operation using the sensory information.
The previous algorithm is, however, concerned only for the omni-directional mobile robot, so it needs
to suggest a suitable one for a mobile robot with non-holonomic constraints. The ego-kinematic
transform is a method to map points of R’ into the ego-kinematic space which implicitly represents
non-holonomic constraints for admissible paths. Thus, robots with non-holonomic constraints in the
ego-kinematic space can be considered as “free-flying object”. In this paper, we propose an effective
obstacle avoidance method for mobile robots with non-holonomic constraints by applying EGC method
in the ego-kinematic space using the ego-kinematic transformation. This proposed method shows that it
works better for non-holonomic mobile robots such as differential-drive robot than the original one.
The simulation results show its effectiveness of performance.

Mobile Robot Navigation, Obstacle Avoidance, Non-holonomic Robots
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Fig. 1. Coordinate systems of mobile robots: (a) differential type
robot (b) car-like robot
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Fig. 2. Scanned sensor data in robot coordinate system: (a)
original scan data in Cartesian coordinate system (b)
transformed scan data produced by the Ego-Kinematic
Transformation in polar coordinate system

foiR2 = [nal 6)
I _at (@) >0
2 T,
(zy) — a=f(zy)=
—i—atan(m') <0
2 T,

)
21
&
4
o2
P‘L
o
u
R~

i)

I rBwo|a o ofd

o
[‘l[‘
U
e
lo
Mo
oft
o
s}
r (
o e

Fig. 2014 (a)9} 22 2RFA oA 2] 270 H|olE
€ EKTE 3 Hghs sl (h)oh 42 235 o4& =+
ATk 274 Al AAEholl A vl ZR e Aok
= 7H 2R Aoz Qs AFAer oFd
T = AA7E EASH= 1 Ego-Kinematic 571 /]l
A defol 2 =3o] Y ThsRt fFo1A Wl

g % 9k

3 &%t 710|= MZ(Expanded Guide Circle) HiH
2 A= 71E T 7hole A S 7IREe R

= g 2 e
oto] M| Z 2T AFRE s 2R dis ae4
S8 Folles A9 = e PHE AUk 2
7hol= AE NS d7 2] Hejdy RS 5
HAIZI7] I8l aqbd ARSAR 22 frI= W o Tk Al¢
e 22718 Tl A 22 fdge] Ho ok



844 7ol = N2

2.3.1 7] 7}o]= AZ(Initial Guide Circle) 2]
S Aol A (v, w)7h Fold wff A ARE o] %
=g 7hs 23] YAIE FAE o 3tk o8 Foldl
Aol dEom =g 7hegt RE F9e oulsh= RC
(Reachable Circle)a} g 2Jatm o|= o] FE|Z Lpehd
o theo 2 221 Y (v, w)oll sl ATARE Fof] =
T A5 FAsk=tl o= RCHE 3 oz wdEm,
= SHeR e oA ¥ g
gl o5 7] 7Iol= AZole} 5h 7] 7io|= A29]
g

Aol 48 X ket gol AT 4 Ak

ol &

P = T rqo :(v-chosz'kT/Q)) (6)

Yico, v-kTsin(w-kT/2)

9 AolM T= Aol 715 2nlshH k= RCo| W&
A5}7] 93t scale parameter 2 Fo] A4=2 A oJ3ic).

2.2.2 B R 7lo]E AE(Auxiliary Guide Circle) 39
AR Ao] UBoR Aol F7] Bt Fagr 23l

oHAEl AE S 27| slo|E MEE 24T 4= 9)ct o]y

20| QPsH ok golow FY sl ot
B ok dolo el fEsk Wash ebat Aol

Hluee

ol

K=

N

—
lo 4o

oot
i
R

e
2
S~

=

e

Q) 2ol Pt 27] shol= AZe]

A ALl E o] 7]E AS SA0 R RS Algsith
7hole S FdA ] Holled the B S =+
et 7% Ae SHeR HdAT o] 91A1¢
Hhef ko] S= fIvlo] W WRfoln 11 ko] A
Bz W&ol "o webs 27] 7hol= AZ3 RCE
A FollA AeE Wk o R BE sl AZ9)
FHL Ao

2.3.2 &4 710l A E(Expanded Guide Circle) 9]
3 Tjol= HZE ol Ao] o 4

ML o] g3t Bl E 2 o] R el AN} ok 2lv] 89

: égg Pgeec = (Xgoe ,Vecc)T
o Q o
00
0000°

d
<

Y=

Fig. 3. Expanded Guide Circle (EGC) in robot reference frame
defined by EGC method™
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Fig. 4. Experimental results for avoiding the obstacles using (a) Dynamic Window Approach, (b) the original EGC method and
(c) the proposed EGC method in Ego-kinematic space: trajectory of robots, linear and angular velocities
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Table1. Comparison of the performance

Distance (m) Time (s)
Dynamic Window Approach 5.425 18.9
The original EGC 7.68 16.4
The proposed EGC 6.07 13
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