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This research is to develop an omni-directional wheeled mobile robot which can
move in forward-backward direction, lateral and rotation or combination of these three
motion. We develop a parallel control architecture for controlling the robot. The motion of the
robot is actuated by four DC servomotors connected to the wheels. Each motor will be
controlled by one processor. The central processor will responsible for sending the
command to each wheel's local processor.

The experiments consist of measuring transient response of each wheels with
respect to the different magnitude step functions. The motion error will be investigated from
straight-line motion, rotating motion and combination of both straight line and rotating
motion. For the 1.5 meter straight-line with speed setting below 0.6 m/s and rotating at fixed
position with speed setting below 2.1 rad/sec, the maximum error is 54% and 6.6%
respectively. The motion in close-trajectory such as square and octagon are also
investigated. Most of the errors are effect by the environment conditions such as slip. This
error can be reduced by incorporate more sensors for detecting environment to improve

perceptual acuity which can be the research topics in the future.
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a ° ° A A o
Wasnnmsdan wwudessmaedoufiundu (Inverse Kinematics)
@ v ) (Y3 v o a ¥ o Y 'Y a
@aalﬁmaga anuIMynuadndazia  ldihnsiaasdudris (Encoder) wila
vd ] [ 7 v s
Incremental Encoder I3NLGRIAD ADaE 1 09

AT INFOIBILES (Optical Encoder)

Qs & &

Encoder WUUAINET 9IHHNANMIAAHIURILRY (Break-beam proximity

N e [ ' “ U U da a A [ ‘ v
sensor) mLmﬂQnTwnm:mmﬂﬂmmmﬂmananwmnuo fusIaINsREYN

o

1a JAMULTTHR NI &gu"lﬂw JIDUNUINIINADINTIN

Optical Encoder filtlasnaly Jsasniia fa Incremental Optical Encoder
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Incremental Encoder Az 19 ihdianhlumsfiads uazlisnedinin

Incremental Optical Encoder
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Phase - quadrature incremental encoder mmmmﬂmﬂtymiﬂﬁ lag
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WawdaTINe 1 6a 5 luanwuzdagy 3.18 ;ﬁmwamqu 1 saUa=vi W Encoder
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Tachometer Encoder
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Displacement (rotary or translational)

Phase - quadrature
Incremental Encoder

) | ]

Phase A

V] | N

Phase B

\ 4

1 Once per revolution

Reference Track
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U7 3.16 syt léain Encoder
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(Forward and Inverse Kinematics Solutions)
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MIMFUNTEUUUNUDIIBI(Coordinate System Assignments)
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Wheel Jacobian Matrices
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Eﬂﬁ 3.20 MIMnuaLNRENBI (Coordinate system Assignments)

Actuated Inverse Velocity Solution
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Sensed Forward Velocity Solution

Lﬂuﬂwﬂﬂiﬁ‘liﬁﬂmmmwﬁaa"wﬁmaevjunw’f aﬁaﬁ'mummml.%'luquwae

’ Y l a a { 4 - Py LY kY] . .
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(Model-Based WMR Servo-Controller Design)
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Servo-Controller
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Algorithm
Sensory Feedback
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4.2 PID Controller

L e
PID Controller Hldtasmluluszuugaswnssa p I IR Gt
Tau (Transfer Function) fn

1
Gc(s)=Kp(1+—+T,,s] (4.1)
Ts
A v o,
W K, = DATIVENUTINARIU (proposional gain)
T, = TLINBUNNTS (integral time)
T, = FIUIEBUAUT (derivative time)

:‘ - a“ "~ L ol
Wa e(r) \dusyamiAawarariln (input) 183 PID Controller Fyayims
WDON (output) mné{amuqu a:ag‘lugﬂ

!

1 de(t
uy=K,|e(®)+— [e(tydt +T, © (4.2)
T, % dt
suM3 (6.1) nsadoulnydlaiu
K,
G. (=K, + = +K,s (4.3)
e K , = AATIVENETIRASIU (proposional gain)
K= ATVENBBUNANIA (integral gain)
K, = SANVLBOUAUT (derivative gain)

K+ Ks +Kfs —» Plant

v

A Q' ~ [
Elh’l 4.3 5:3J1Jﬂ7ﬂ61&]ﬂauﬂﬁUﬂ'JU(ﬂ'éﬂ’)UQMLUJLI PID
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A v o o «
dlasnnmisauqudaneaufamed  acfidnwuniunsauguuuulide
: _ . o X
1iiay (discrete) sEUVAUAN PID Tugduyy discrete a:lidnwosasi

{

4.2.1 Proportional Control

gﬂuuwmﬁamuqnuuuﬁﬂmu Tuwuy  discrete  WazLUUSLTEOILE
a -~ Lo » A »
anwustnionnu lagluipydsiies a:ag‘lugﬂ

u(t) =K ,e(r) (4.4)

D(s)=K, (4.5)
Twuiy discrete a1ty

u(k) = K (k) (4.6)

D(z)=K, @.7)

4.2.2 Integral Control

fwmiunsmusuuundaiiios  axvimsBufitnsasyanadanaanidg

5:UUF\’)UQ&1
K,
u(t) = Tuﬂje(z)dt _ (4.8)
D(s) X, 4.9
N} = .
= (4.9)
TunsmuAuuuY discrete «szwaﬂué'ngmuﬂmﬁ@wmﬂﬁtﬁmﬁuﬁauvxﬁﬂ
Y?OVSSJ@
Kp
u(k)=u(k—1)+?e(k) (410)
K,T K,Tz
D(z) = @.11)

“Ta-zY) T.(z-)

vl 1 A : “ & & ar o
wudgnulumsmuguuuudaiiias imgrafilimIntuguuuudufinis
Wasadyanadansalugmazadd wdszililafiosmwuasszuulasusans
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4.2.3 Derivative Control
o ar ) a as “ g
mmumsmugmmumamao mmuqmmuagwum:ag‘luﬁsﬂ
u(t) = KpTdé(t) (4.12)
D(s) = KpTd (s) (4.13)

Q@ @ L .5 A v [ £
mgwuﬁaummmommmﬂs:mm’lmag'lugﬂuuu discrete  §IBNTTAING
@19 il
(e(k)—e(k-1))

u(k)=K,T, = (4.14)

1-z" z-1
D(z)=K T, -~]~1~—=KpTd o (4.15)

4.2.4 PID Control

@ A v 1 v v o v
Y mmuquﬂ‘lmnmﬁmmmu mldla

(4.15)

D(z)=K (1+ L +T”(z‘1)]
48 IR T
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4.3 Resolved Motion Rate WMR Servo-Control
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Cartesian Space Actuated Inverse , ,
N PID Controller T\r{:r:ggtr);n Vefocity Solution Velocily to Voltage Conversion |
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B ke
+
—
Fp 8 Reference WMR Position v WMR
— f
A A
- v
- A9
F B
Ps
] k— WMR to Floor
Deag Reckoning . Sensed Forward f—— .
ntegration | T\r{aer:(s)ztr):n F_ Velocity Solution Velocity Feedback |
- —— . —
Fv By A
B B 8

o as \ iy o o ’ »
E]Jﬂ 44 G\QQQUQNLLUU PID Lﬁﬂ11']&nl"ﬁsqunUlLUUQqﬂaﬁﬂqﬁLﬂaauﬁ

o a P ' @ d o
g 44 sun@liyainguassudazdaiu ‘e,  Sedaunan
h v = P ° ¥ A s & A 1:' f g 4 8
Encoder udipnudaslinmofuanuiudan lashiwuidaldsutvyuditaldase
Aau wisdwamam laduanududaulaslsznm ‘e,

° - » & A ¥ . a
henunTudauuasudazionimld  ehuweind  Sensed  Forward
- =) a ' ol o ° ' 3
Velocity Solution (Forward Kinematics) iWaktasuamuiivasuiisunueunisvin
a R — v I a \ a v & —_ .
@Wa 2V, udgnudandusnaivesiudiouiuin Fv, lag WMR to Floor Velocity

Transform Matrix

]

cos" 8, -sin"8, Of v,
FV, =|sin"8; cos"6, Of Tv,, |=Mv, (4.16)
0 0 1| Py

° a 1 a [ a - o & —

mmmtswmvzumuunuﬁumaumnw midumdafisununu  “p,
ddunmsasnanlsuiudumisnsy Tp, Remidamienane Te, oulwiu
PID Controller
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Start

A
Initialize
/O Port

Initialize
Timer / Counter

Command from PID Controller
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Hardware
Interface —>| Robot
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Reset ?
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\uiszananaasina 8051 nanuley 89C51 Fafiwase Input / Output
2wa 8 fia W 4 wasa (PO — P3) wesfiaanuuyly a:1F wasa 0 Suddninega
Usaanananay wase 1 samenaiiiialénavlldiddszansuanane woie 2 s
anuiidasmsiuivsertivaaiaas (Power Ampiifier) nsfiazldwasalaiiiu input wia
output 1w Qnﬁwumimﬂ'[ﬂmnmf%mﬁmu@mL‘%u@Yu (nitialize)  Talsunsuaauiles
Mnualiimdsruisnamunsaldwesiy /7 dvaamelule «‘ﬁogn‘[‘ﬁ‘lumsaﬁud‘mm
Decoder wdndadduanusealy

nasnnlarwuaudrin wasalawn input w3e output 3xRdsunsusn
fada Hardware ¥15893UMTIULALFIAN IUNTEMIIa T2 0 RHANENLELTEY UaLIA"
Nheesrdulviiwlidenn  protocol  Alermuatn laslbsunsusmdanaagniduwiu
lusunsutias (Subroutine) %aazgm’%un'l'ﬁ’[mmommsﬁﬁmwﬁn (Main loop) @8ty

' ar @ oo e [ ] v
lugmanumahnundn wausumfalszaananarsdaut sma1n
4 = b 1 q Aw [ o
1933 Decoder wasihunulaailuanuiiasda  ssenudhHadaldnavldduszuas
v 5 = a o 0:-& o o 3 L\ g & ) ) .
paned  wisunadsufisuiudss msdwnaenuiifidasnisudaged lygsies
4y lagnszraumanimualdiannaf wuifa dangudaya (Sampling Rate) wiwas lu
at'nrv 1 NS 3 A AR =
fdanguiays szvmn 13.5 Tad3wf
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duesznanaaszna 8061 nanolay 8032 SadounpiUIIMBUAN
tRapselWiinesa Input / Output unHe 80 §a 8 Dausnda wasa P1 sudn 72 dan
wdauanlaBrunoae 8255 dman 3 a2 a1ss 3 wase wasas: 8 Ua

a4 a , e ~ o y v &
iNaRadanuRsuRaT mﬂs:managn@atmnula% ROM (Read only
v 4 ' ; A0 . A g + A va 1 a o
memory) sianily Fundn Program Monitor Tufiftldiu MON3t Fuilluiuilidadenuea
» ‘Jﬂ 1 « -~ y *»
Uszinawaaszna 8051 lamawiz mhidasdenuasuuesiiie upload daga @339
v ° o «“ IA z 1]
goumbhianud  usshbivedatlulasnaulnsaisaifdaasuuiusmansauzesnasan
v . A A 1 (v
mavannld  lasrumsRessuuuaunsy  RS-232 ool lwuasalulas
['4 v 9 : & a Lo
aaunlnialaas 9z1T§N159UYa9 Program Monitor nunlasdaludd  ¥ms upload
Tusunsy usRstvinoudsly

Fadliviausuma Program Monitor TusunsugrusnmuadGudn
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p = {A(JM) + A(JZn) + A(Jin ) + A(Jdn )] .[A(Jln)J]A(A(JZn)JZJA(JZn)JhA(JMi )J4s]q

Sensed Forward Velocity Solution
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