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Trajectory Generation of Two Wheeled Mobile Robot using Bezier Curve

Cho, GyuSang

School of Computer Eng.,

Abstract

This paper describe a trajectory generation
method for a two-wheeled mobile robot using
cubic Bezier curve. It is proposed that the
method to determine the location of control
points which mainly affect the shape of curve,
and constrains for two-wheeled mobile are ex-
amined. Simulation results show its traceability
of the trajectory of mobile robot.

1.4 £

°l 23o] " #FE FYL l“H. WA Ex=
grolz}7] fBM e ©] 58 %EE @o}ﬂl a4 g
olof gk A FME AF oA FH A=
A BgEe] AdHAEH, HA, %I ClO'LhOld-q'
o ¥ FUE AHEHAT(1). d3e FHE
A F@o] e 2ol olFok 0}7] o ol -‘?—E
AL FAste A2 $8F ZAolt oA A
AR EA&He] EAF F sl o™ 73-?—
FAME vlnAely BAEAT 28T

2

fLojpmgy nﬁ:-{}n”
HO-E>)‘-
¥

23] od ARAL 2PY P& FAY T
WEe 2383 olFdle W& FdA "ot ol¥
o g3 d3 77t £¥HA =9, Nelsen(2)

TEHQA Aokl Al'C AEE 2R dE FE
A2 digd A St on, ol FAMR
Kanayama(3]% ] o= YAt

RAEE AAsle BEFAAM 2T B JFHE
o] &% AFE Lins(4)9 gdiriolt}. Arakawas (5]
2 ZXo) AR vlAA xEld] A I HoHE
ol &3l A2E A% AXE F3td 21 FEE Bezier
ZHd gy QA FFEe WPE ALFT.
Bezierst SAMg slde] Wy o2 B-splined ©l&
3 o8 7bA] WP Se] AUdHAEdW Komoriyal6le
< B-splineZAel 9siA APdE 227} o)&ETFH
olgrye HAUYFer FFo] 7led HAVNE JA
9] Z& dolEe & olgsle =gl Aol U= 2
ol A olFAZE A% &= HAES Hstn AAte
WY FEA3E 489S B3l 4FET. A2
Paulos{7)¥ B-spline F4& tF = RA2H9 35
3 EAo #&stct.

B ERdMe clEREe] FYPT AR AL 33
9 Bezier A 9alM BAs= EAS EC. A
A3 BEFxH X9 A7t FARH 32 BezierF
Ae] ol -45}1/“] -l."cig_ AR, A FAHAN R
@77}7‘]°ﬂ o8 FE gol oM e A2 vE
o & £ it *]3};9:-74- E2FH Alolol Eole AAH
Eo] ZEEL AAste 948 k. B =FNAe o
Aol F e AxE 737 AT We] Attt o A

rlo r‘" o -1>

mlo
N
M

2
=
Nodr Mo =

DongYang Univ.

B 9 g9d Azgse J2add Mg 9
dsl dgelelol dem Atz delA A
2.8 B
2.1 olE2 R 7|7

T /el 2R A FEHe 2R 717EE ©
+3 el EEHET

x.= v.cos(6.) (1)
Y= v.sin(f,) (2)
8= w, (3)

og714, v 2R HAHHX(tangential velocity) &

YEMIY, w.e Z4X(angular velocity) & WEITH

(10). HE(x., y v AAA Axwlo] g 2R 9

A Jepz, 6. 2R 2%E JEldTh oW of
< g3 o] ved = Ut

w A0 A%

Pl —x£+—~[ (851 — sin(69)] (4)
it = c——-[cosw’”’)—cosw")] (5)
o =0t w.t, (6)
w.=02 3%
2 = x¥ 4 vot,cos (69) (7
yE =yt 4 v t,sin(8Y) (8)
65+ = ok (9)
714, ke AEYH AFE Yz s 4EF A
< Jeldt. 2R 4 FF Eo HuU 7 &=
WO} 23] ATE W, A A=, St 2 VSR
e ARFS ST 22 AAGE Ferl
e = L 10)
Tw u.}max
L (11

2.2 Bezier 24

9l BezierZAe trg4e g3

274 ngl Luky
Zo] o},
P(u)=§)B,;n(u)z7.- 0<u<l (12)

Aol Hold 7 pEe 239 R Fof2 Ao

- 2472 -



EE vehdiz 718183 A pE 23 5 Alojel
g rE ZIAEe B (we nHAI nF
Bernsteinthdal o224 1 34L& oS3 o] o
Hr},
B,-',,(u)=C,‘.,»ul(l—u)”_’ (13)
g 71A,
nl(u) Fil (n Z)' (14)

ojtt. n=3% A% $9 AHEL c3H Fo] BEH
o

Bys=(1-u)

By 3=3u(1—u)*

By 3=3:12(1~2)

Byy=1u (15)

e 5L A(12)9 Hdsd o3 2ol drh

P(2) =(1—=2)%pg+ 321 — ) py + 3621 — 1) po + 17y
(16)
oA71A, pv FHY NFZHE gvista, 5 EHE
oulgict, 2 ool p, pH B FAHY BY YA
F83% 98L& st AjHe] Ao},

Boa() By3(w)
Bj()  By(w)

0 u 1

2% 1. 32 Bezier FAA 9 w4
2.3 42 MAME 98t HMojHe 2F

334 Bezier FAL 4719 Moz FAHHEYG o HE
< #zt P P, Py, Pt dR o§71M AFEE P
gtx dtx, EXFE Polgtn A AIFREH FRF
a7t Fojxm, BEo] FFm AE VA 4,9 &
BEAA 67 HpAE, TAZ2E AL A F A
o] Aojgo] FAEojol gH (Y 2). AlAH P} A
#g Aoid P& AFRHY HAM Aol FolA €t w
Az BEER Pt 4B AW PE ZEYY
A Aol golAl At AoiYEe] W 2R &7
A et BXAAl] Qe AR HEe] Holg F
3tH Alojdel fAX7F 2HE 4 Sl

AZd Pl FEZ} (g, yp)01 2, BEH P HETL

(x3, 792 o, ¥4 AJE mSES e L7
Zo] dAE},
= V (x5 — 20) % + (33— ) an

m

714, mE& AFAAF Pt BH Pe AfE deld
RFecz FEI7] A% gholt.

= P&t PAtele] Awls Ha, £, Pt PA
ole] At Aok, £HAE 7IELE Pt Po] ofF
= AEE 6,001, P Pl olfe dxr 6 ©

o admz P BAEE PE JIFESR (x+1 yy)
g 408 WA HFgoz A Helm, P F
HE P,E 71202 (13— y) & 180- 6,23 WA
wEoz sHAIZ °l"+(*—¥ (18)2 4 (19)).
%] [ cosfy —sinf [ xp+ !
[yl]“[ sinf, cosé, }[ Vo ] (18)
%] [ cosf, —sing, Y x3—1!
[J’z]~[ sinf, cos#é; }[ ¥ } (19)

CEEER-E:

ve® 0, 77 S&uAS AzuAY S2dn 8
A bE T AR AdFn @ W, 22 FAA4
o $2& thew 2o An

uz"—’*’;ﬂ (20)

olFREe FRo Ui AlE 37 AMMEe T w4
9l £x2 Aojste AR o]FF AdE FYse Z9
Faslth, &xe Aze olF2EY 71 7FEAA At
F A $E(vm). AW HEE(om). AW HE

DA fou) ol AN d32E e}t FAZ md 2
2o £ p= thge Zi%% g of o,
»0
VRl Vmax. 1201 Umax
fapl<@max. L] @max
.
m‘;; £ frrax (21)

¥ 3. Bezier X9 oW H(x.y)d og A
(x".y)e] oA

- 2473 -



a3 394 o= 34 p(x. y)°ﬂ/‘1 A% A4 p'x.y)H
o BAE v ol verd ,\l‘4.

dx= Rsind¢

= R(1—cos4d¢)

x" = x+ dxcos¢p— dysin ¢

y = y+ dxcos ¢ + dysin ¢ (22)
u(0~14kelel 3h) el gl uwal £ zEe] }7—:]—4 A717}¢
Aoz AAANA 4(22)9) 93} I} F H ¢
AL vl AT ARG oldte WAL 7 °F Cig=

[PLx, ) — Py (27, y)IKS,,.. (23)

2.5

ted ABdolde Az AHeA Yool A

g 230 EEAM AR oz =

2% S gE Azl A 01]*014 RS AL
m

=(0.5[m/s]elc}.

a8 49 AQl A$E AAAHel 4P 43Uz
8,=0.5xd rad]?) deEiolA EEZHe] (1.2,1.5)(m]l
dUdn 6,=0.54rad]3 A %ot 2% 49 Be Al
2R YA A 6,=0[radlolct. EEH2 (1.2,
1.5)(m)e) 4Nz, 6,=0.52{radl?! Z+5 Yer
Aok, ¥ 49 Cce AR 9 Uz
0,=nrradlolm BEEHL (1.2, 1.5)(m]dl FA930x,
8,=0[rad]?} AFE Jebd Rojh. Al 7HA A% =

F ALzAL HEsln REA G =23t

target

29 4. AREH A9 AES AA) ve A=

a9 62 Alojde A" AgsE m@g AR
2359 @& ME® ALE vl@ @ otk mekel 2
W e 25 2E A2t A4ED

3.2 8

¥ =RoME ]88 =¥ 9o A2 W =
BAGCl AU Az £2¢ & & A2S Y4t
) Sistal 33 Bosier =4e ol g3t WYE AHgs
ol ZAE WASE F8% 249 AAFS o

A27t A€ o)
Aoldel A% AFss P Adetn, A% 4
% A8 AF2AL 2434

a2 5. Aol Age AbgEE mate] vl
& 22 8

(1) A. Segovia, et.al, “Comparative study of the
different methods of path generation for a mobile
robot in a free environment”. 5th International
Conference on Advanced Robotics, 1991. 'Robots in
Unstructured Environments”, Vol. 2, pp. 1667 -1670,
1991

(2) W. L. Nelson. "Continuous curvature paths for
autonomous vehicles”. Proc. of the IEEE Int. Conf.
on Robotics and Automation, vel. 3, pp. 1260-1264,
Scottsdale, AZ (US). May 1989.

(3) Y. Kanayama and B.I. Harman, "Smooth local
path planning for autonomous vehicles”. Proc. of the
IEEE Int. Conf. on Robotics and Automation, vol. 3.
pp. 1265-1270, Scottsdale. AZ (US), May 1989.

{4) Chun-Sin Lin et.al.."Formulation and optimiza-
tion of cubic polynomial joint trajectories for
industrial robots”. IEEE Trans. on Automatic Control
, Vol. 28, Dec 1983.

[5) Arakawa, A. et.al.. “Trajectory generation for
wheeled mobile robot based on landmarks”, IEEE
International Conference on Systems, Man and
Cybernetics, 1995. Intelligent Systems for the 21st
Century., vol. 2 ,pp. 1273 -1278,

[6) K.Komoriya and K. Tanie, “Trajectory Design and
Control of a Wheel-type Mobile Robot Using B-spline
Curve”, IEEE/RSJ International Workshop on
Intelligent Robots and Systems '89. Sep. 4-5,
Tsukuba, Japan, pp. 398-405, 1989.

(7) Eric Paulos, “On-line Collision Avoidance for
Multiple Robots Using B-Spline”, U.C. Berkeley
Report, CSD-98-977, pp. 1-15, Jan. 1998.



