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A Study on Trajectory Tracking Control of Three

Wheeled Omnidirectional Mobile Robot

Yu Mi Park

Dept. of Interdisciplinary Program of Mechatronics Engineering

The Graduate School,-Pukyong National University
Abstract

In this paper, a decentralized motion control strategy based on fuzzy
logic is applied to control an Omnidirectional Mobile Robot (OMR) to
track a'desired curved trajectory at a given bounded velocity. To do this
work, first, an OMR is designed and manufactured. The OMR consists of
body, driving part and control system. The. diving part consists of three
sets of omni wheel equally spaced-at 120 degrees form one to another and
three DC motor to drive them. The control system consists of industrial
computer, motor driver and laser positioning system to implement the
proposed controller. The laser positioning system calculates its own
position and orientation on the basis of fixed reflectors positioned in the
environment. Three detected reflectors in a layer are sufficient for position
measurement. For position measurement, the laser positioning system

measures the distance and angles from the OMR to the reflectors, and

iii



works out its own position from this data. Second, kinematic modeling of
the OMR is proposed. An error configuration including angle error,
distance error and velocity error is defined and measured by using laser
positioning system. Based on the error vector, a decentralized control
strategy is developed. The motion of OMR is separated into three kind
motions of moving including rotational moving, horizontal moving and
vertical moving. By using omni wheel, the three kind motions of OMR
moving can be controlled independently. Third, a proposed controller is
designed by using PD fuzzy logic control method. Finally, the simulation
and experimental results are presented to illustrate effectiveness and

applicability of the proposed controller.
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@ Body Frame ® Motor Drive
@ Omni-wheel ® Motor
®) Main controller @ Encoder
@ Laser Sensor Battery

Fig. 2.1 Configuration of omni-directional mobile robot
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Fig. 2.2 Omni-directional mobile robot
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Fig. 2.5:Motor driver and power connection
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Fig. 2.7 Omni-directional robotusing double wheel
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Fig. 2.8 Omni-directional AGV using mecanum wheel
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Fig. 2.12 Laser positioning system NAV200

21



NAV200->  Fig. 2.13% #o] AHojg jx|o wg] AX¥
HEALA| (Reflector) & 3] A3t dlo]AE o] &3te] F4sta, A
AAE WF QA St Alktate], 912 2 WS RS-232
TAE o]&ate] HFshE Alz"elth o] AA®E FUETL

= HolAE ol&3std tE HY AAFH FA s
7b w4 ARgHE dolAs
gs ol & ow Ae] iEolut

oo
o
o
=i
=]
lo
2
)
2
o i
12
lo

o4 et

Fig. 2.13 Position measurement of the NAV200 by detection of reflector

arrangements

22



NAV200¢] 3]d =74 & =(rotating scanner head): 360°%
8Hz(£10%) 712 38k, 1.2m~28.5m W] wALAlE
SA4gt) o] W S xb= RRARAIS] it Al wet HxE
QA= +4mm~225mm °]3, Zt%= Qxb= 1° o]t o]
=49 AA 92 C(x,»,0) & Fig. 2.14° A Z¥% A (x,y) 2
Wkt g o|th[58].

YA

Fig. 2.14 Absolute and local coordinate system of the NAV200

Fig. 2.152% NAV200°] & XZE9OE o] &3}
AEAZ Aol wRARAIS] f]A9F #lolA AlA e 9AE

qoe Ame FPTT dolA s 94 4 Axge

23



St 7t 360° BlshiA lolAE FAIF T WEARAC] wkAbE o]
HEoh e dolAE FAlE wkAbAle] A |53kar oln

b Qi wAblel gustel whYs Bl AASG WS

Are. &, 24"l WS Fdl A" e BEge &
& o
S N Com—— g
19030 WaweidQWl SICK
. ERry =y
Oed]_e= |

i
:
1

333333333333

DA s

el g i
Fig. 2.15 Measured resu ing NAV200 software

24



Main controlled \aster]
FUEHE | 5 ekR oro p
> | wmmi || wewmi|
A L4317 q
¢m
. Slavell
» WISTT
K3 MINE %
il B2 |
A 4 N
Votori
ﬁmm@ Locode! Frcodel

Fig. 2.16 Configuration of omni-directional mobile vehicle control system

ek Fals ZRo AojA]AHL T4 HoHEERHER

=] 5}

AAE, EHEgtolw iz A E 3t AJAAHS AlolE
#13t Industrial computer®} XS] XS F5F7] g #olA

7 A2 S AlAE, A8 3 dshy] #ske 7

-

ot} 2 3700 RESE O BHE FEA7|E REEgtolr,

293 7 e HASES AN 99 A= AR,

25



O

HAAREZ e Fof RHEefo] B, AlMF= RS232WAE ol &
ate] dlole & i whsth

HAAEZS K Industrial computers HAE  F7 Ao
= SR - s e = ts o B i B ) B A L L e
HH HolHE g55ta R0 H 2R
=

& Htdste] Fozl FIHARE FF3)

AZste) BE S AEE SAUL. 4 BHE F35A77] s
By SeelEE PWMAISE TAARIT REEetolHe= 7t
TH sty Adste Al JlE ARESEaL, Fig 2. 17904 X %9]
SMDE}] 0.2 st 7] 5 Agsteit.

Fig. 2.17 Motor driver

26



37hel ®EH =golHE FEsl7] 918 Masterg 1719
PIC18F24313} Slave® 27H¢] PICI8F2431% U}Fo] A om,
Master®} Slavet™ R2CHAE o] &3l Hlo|HE F3 W&t} 7t
ol e RE T 24V/ISW 4000rpme] DCEE] 24 RE]F 7}
2 HEo] 7]ojet E]o] AR glo] A Hem dAH 3
AAF-e] el A 7k 1A 4 A =F(NAV200)> 744

Aol mEl AX¥E  HEALA|(Reflector)E 3] M3t HolAE

golAE FAZ 5 _HEALAY] BRALEe) FEoli e HolAE

27



2.5.1 AY3E F33 2R 7|EerE 3A

w doMe Y FAY 2R Tleketd e A g
AeF 5d A Fig 218004 1 she} o] Al Ao A
5

d "ol A7 12002 Fddn. 23] AFT A0

2o 2 AHolxE E=PS HXES wlAa DCEEY 93 +%

ok L2 2ol Talat 7lste A CAtole] Aol

Fig. 2.18 Configuration for geometric model of the OMR

28



- A Be FAAY vnelAA et

- A FYY 2R BAE FAG

- AW T 2Re 2 Aue AT o5t
- 9% @re EAeA S

7 Beo] 9x HEL o] FH AL Py (i=1,2,3) 2 FdH,
g oA e = Aok (0= §HAIA BEkolt)

ool Bld FE RO F i HA 2 A9 AAHEH( P S
AvreR Y 2Rl 7 TAd digt olF HFAR HERH]
B ot ol - & ATk

R(0) = {005(0) —sin(@)} @1

sin(@) cos(@) |’
P =L ! 2.2
a=tob (2.2)

-1
Pc, = R(%ﬁ) x Pg =£{ } (2.3)

29



1
P =R(4{)xPc1 =—£{ } (2.4)

pdA Rl HE FE UF NE D & vhed ge How

D, =—R(Z)x P, (2.5)

e 26

A FRF ) =X aAFRFEA A P &AL HE =

=
EleoRCE ISR E N
Po(x y)u 2ol FA FAel g A2Ha A (Catesian
coordinate system) = FERRI Col - 8jA %
o4 2ol $1x0] .
A Hel 91A WE (RS AEE WE (v, =P ) 37

AN et 2ol vt

i
9,
£
ky
o
Y
e
=

P, =P.+R(0)P, 2.7)
v, =P +R(0)P (2.8)

EE, 0 WA Zol g ASEs dddM 3 7 U



ME(D)E ol §8te] thew} ol Ve gtk

Eq. (2.8)& Eq. (2.9)° "idstd, o As 7+ 5 Aok
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1

(2.10)
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-5 Aol A= 2
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o) . —sin@ cos6 L x .
0=\, |=—|-sin(7/3-0) —cos(x/3-60) L|y|=—Aq (2.14)
[oN : sin(z/3+0) —cos(r/3+6) L| 6

—sind cosd L
A=|-sin(r/3-60) —cos(x/3-60) L
sin(z/3+60) —cos(x/3+6) L

qg=rA' e (2.15)

X

Fig. 2.19 Configuration for geometric model of the OMR
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q=|y|=|sin@ cos® O|v, |=Bu (2.16)
0 0 0 1g
cosf -—sinf@ 0
. T

B=|sinf cosf O0]; uz[vx vy 0}

0 0 1

Egs. 2.13)~(2.16) 258 th& 218 oS = 9t}

=

oF =By (2.17)
r
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PDHA A 7= AHWT e & 1 =¥ ¢ BHH 22

us o AojF2L ‘IF e isPBand é is NS, THEN u is PM’
ot}
o]7]4 PB, NS, PM¥} zo] gelabx] of2 AdojHel ke #A
2 (Fuzzy LabeDolglal 3t AdbA QL HAJ Ao 7] A =
olg]gt WA @S Table. 3.14%W 77HA ALE FEE}O]
AH&-ghtt,

M

Table 3.1 Fuzzy Label

PB Positive Big
PM Positive Medium
PS Positive Small
Z0 Zero

NS Negative Small
NM Negative Medium
NB Negative Big
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(x—r)+1 p<x<r
(3.5)

=— ! (x—-r)+1 r<x<gq
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I Bl
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Fig. 3.6 Membership functions for position controller
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Table 4.1 Parameters of omni-directional mobile robot

Parameter Description UNIT
0 -0.175 rad
X, 0.2 m
Yo -1.55 m
v, 0.14 m/s
R 1.6 m
r 0.062 m
L 0.25 m
Fig. 4.1 TA#AEF (X)Y) = (0,000l ¥HA]Eo] 1.6m2]

ARGS 3 5% 4 A2E e
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Fig. B.1 DC motor

Table B.I-Specification of motor

It;rh\.._,______il:l_____,_.."""‘fl\/alues

Rated Volt 24V
Rated Torque 11kg-cm
Rated Speed 285rpm
Rated Current 2,850mA
No load Speed 333rpm
No load Current 700mA
Rated Output 48.6W
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2. Industrial Computer

Fig. B2 AoA|=®l F WRJAAEZHFQ  Industrial

Computer©| T},

Fig. B.2 Industrial computer

Table B.2 Specification of industrial computer

R

CPU : Intel® Atom™ D510

Max. Speed : 1.66 GHZ

Processor System System Chipset : ICHSM

BIOS : AMI 16Mb SPI Flash

Technology : DDR2 667 MHz
Memory Max. Capacity : 2 GB SODIMM

Socket : 1* 200-pin SODIMM

Dimensions 137*189*221 mm

Power Input 12VDC ~ 24VDC
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