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Path-Tracking of Wheeled Mobile Robot
Using Preview and Predictive Control

Yukio Hashimoto*', Shouyu Wang*? Takeshi Tsuchiya*® and Toshihiko Matsuda*'

This paper describes a method to make a wheeled mobile robot follow a given path just like a driver would
decelerate the speed of a car before a corner and accelerate it on the straight course of the road. Two kinds of velocity
vectors are introduced to determine an optimal direction and speed of the robot in order to follow the path. The
velocity defined as a function of curvature of the path is mainly utilized to change the speed of the robot along the
path. The other velocity given as the tangent of a virtual potential function produces an attraction force toward the
path. Path tracking control of the robot is formulated with current and future sets of these velocity vectors in a frame
of the digital preview and predictive control. By this method, the robust tracking performance is achieved.
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Fig.1 Coordinate System to Describe Robot Motion
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Table1 Parameters and variables

(X, Y):oRy hOELOBEE
(Position of Gravitational Center)
¢ aRy b ORHMA (X HAE)
(Atitude Angle of Robot)
Ve:oRy hO#EITTEHES
(Proceeding Speed of Robot)
M:oXry hOBER
(Mass of Robot)
I EBLEDLYOEHE—2XT b
(Rotational Inertia Momestum of Robot)
L : B Eh&sE o B
(Distance between Driving Wheels)
r . EREhER D ¥R
(Radius of Driving Wheel)
u X7
(Ratio of Gearing)
Jo:DCH—HE— S DEMEE—A> b
(Inertaia Momentum of DC Motor)
Jw . BEEGOBEMEE— X b
(Inertia Momentum of Driving Wheel)
6., 6, . EigORIERAE
(Angle of Driving Wheel)
K:E—9DMIEK
(Torque Constant of Servo Motor)
R : BET OBKIER
(Armature Resistance of Motor)
un, v, . BRTFERE GIEALS)
(Armature Voltage of Motor)
s ¢ RRBRERE
(Position along Path)
p(s) I RO HER
(Path Equation Expressed by Path Length)
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T%, ETETAE—FRBELTNART - FERKRKEFTRZh
FRERICANTBEOHIEA S

du(k)=F.e(k)+ F.dx(k)

= B Fudpul+ i)+ B ud Vb +)) (33
THRLTL LI eSbh s, Lisio>T, R(33) DM
BTV REA S ¢, SIEORMI b R AN RO
HEAS ERD 5 L KADBOND.

u(k)=Fee(j)+ F:{ 2(k)— 2(0)]

+,§“1 Foilpal+7)— 5]
+gfw[ Vea(k+7)— Ves] (34)

22, ¢ Vo BFEERTHY, BHCEDLE THEEZRD
LRERDHL. ZITE, BEROBEERHT LR,
BEOREBICNT 2 K KBEEEORLSHEAINL LD, Z
nonfEicaRy bOBRECEHALETAE—FOERHES
ZriZT B, 7, PEVWFRAT Yy IHTI Y B LINEEE
THBT25E51C, 1 A7y FHECEMR2HERHEZO LD
TEHT2DOTREL, BYCROIEH2HREL TEHL, #
HANZUTD L S KT 5.

BEoRy bESEDRELS
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u(k) = F. Ze(j) + F:lx(k) = 2(0)]

Mz

+ B fuldulk+ )= $(0)]

z

+j§fvj[ Ved(k+7)— Vc(k)] (35)

4.2 ORvy bOEILEIE
IhETOFIETIZ, oRy b EEEERCHDLE TMEE
BEI2{TbE® s I L 3AETH-TH, BELTIMNETEIL
LR TERZYL., oXy bOETHEELTIE, F—0D7
WY ZLERAWTRAY — v oEEETr—8L THET 2
OBEF LV EEZ OGNS, EXTRRELLAER, BBk
St REEHEMEYERT 27012 N §IHEREE CORKD
BEER2ECERLTVWS., Lo T, FPREMERIT-o-TW3
B, ZoREECEESSRWZanSEECE, fib-
TELEECe Ry FOFEORNEET Z ENTRETH 5.
33ENC R L D R R R T vy v VB R BAT S
L, HEESE*E5 2286 MBEOHIH S RARICITS ZeBNTE
30T, Ry FOELEHIEIOBEIC L ER EOEIE S 2B/
LT B E RGN ERT Yy VEBREEEL, BERICKR-T:
EEEMMEZZORT vy v VEREHET 2B HENE 2
sh3. O, FREMFLERCITI boLThiE, BR
Wol:HERZ PVOHETZNVITY) XLARBET LI T
{, BRABLAC—FOEHTVITY XA LT, R(©25)
(26)2FDEEAVBE I EMTETHENTH 5.

5 ¥ IalL—TarER

b DRI EEERERESIHGRNOBENE 2R T 27201 fT
Sl BEHIEEROBRELUTICHRRS. ERTHEEL /o R
v bD/NT A—513Table2 \ZRT LI RbDTH 5.

Table 2 Parameters of Mobile Robot

M :10.0 [Kg] R:10 [a]
L:0.24 [m] K :0.05 [Nm/A]
r20.05 [m] Jo :0.000001 [Kgm?]
1:0.2 [Kgm?] Jw 2 0.002 (Kgm?]
=30

So90r

28 | $=60

® $=30

[
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0 10 2
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(a) Step Response of Direction

~

VG6=0.2
[m/sec]

Speed
[rad/sec]

[seg?

10
Time
(b) Step Response of Speed

Fig.3 Step Response of Servo System
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