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A Study on Tracking Control of Omni-Directional Mobile Robot
Using Fuzzy Multi-Layered Controller
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Abstract The trajectory control for omni-directional mobile robot is not easy. Especially, the tracking control
which system uncertainty problem is included is much more difficult. This paper develops trajectory controller
of 3-wheels omni-directional mobile robot using fuzzy multi-layered algorithm. The fuzzy control method is able
to solve the problems of classical adaptive controller and conventional fuzzy adaptive controllers. It explains the
architecture of a fuzzy adaptive controller using the robust property of a fuzzy controller. The basic idea of
new adaptive control scheme is that an adaptive controller can be constructed with parallel combination of
robust controllers. This new adaptive controller uses a fuzzy multi-layered architecture which has several
independent fuzzy controllers in parallel, each with different robust stability area. Out of several independent
fuzzy controllers, the most suited one is selected by a system identifier which observes variations in the
controlled system parameter. This paper proposes a design procedure which can be carried out mathematically
and systematically from the model of a controlled system; related mathematical theorems and their proofs are
also given. Finally, the good performance of the developed mobile robot is confirmed through live tests of path
control task.
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H 53 AZPor AgHe] Jon, FUE FEie
120° {HA 22 Y2+ FEj = ajxskgith U d e A5
79mm ©]i, 22X FAdA HEA AR Le
198mmeo]th. Z3o] Alo] 2~} Li-Po HIEHE 23T =
B A m< 11.02kgelth

HRINES

2 A48k, AA ol 42

2|2 ATMELAFS] AT91SAM7S256 MCU
9 oo]lF R FAHEE o

ole] AR Azl AAl Ao LdaelF A4S k.
[3E 2] AH8E 239 miebvly g

EEED) & EEE &
L 0.198[m] 1 51:1
m 11.02[kg] K 25 9[mNmyA]
I 0.216[kgm’] K | 0.0259[V/(radjs)]
R 0.0395[m] I 344[A]
B, 0.603[N/(my/s)] L, 0.119[mH]
B, 0.619[N/(m/s)] R, 1371
B | 0.0132[Nm/(radjs)]

SUE 2329 54 4 Aoly] WAE skl B =
o] 97 th3 Alelv)el 47 e thg o) BET,
of A Bag =xe| vehvlel ge & 29tk

5.1 HA < Alo]7] Al=we] A
B =R Asng s 4G Feel Ao

Azgle] Aol the A1) 2k
X(k+1)= AX(k) + Bu(k) (5.1
AA, X(k)=(2(k) 2(k—1))"

kol 274 Y& Al=HoA tE 2(2.2)9F 21(2.3)<]
3x3 Aol BEANL Ag,, 7 Aa,, Wil LA}
b2 ox2 P2 Hg3h}

—1.1658 — 1.1672], B [—

0-0192]
1.0 0

0

—0.5 < Ag, < 0.5

—0.8 < Aa, < 0.8

AAS A shs HA E wo] o] 27}
29 uoy,
R': If wk)is A
R': If a(k) is A%, then v*(k)=Kz(k)+kKx(k—1)

oA 2.

Lo then u'(k)= klx (k) + klz(k—1)

o] A EAS v E S g
HA & Wo] s

If x(k) is SM, then the characteristic equation is

2%—0.22z+0.02=0

If xX(k) is BIC, then the characteristic equation is
z%—0.42+0.29=0
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A HA & dlolze thed) o] At
If 2(k) is SM, then Hllz [k} k;]

= [1.1658+ 0.2 1.1672—0.02]= [0.9658 1.1872]

If x(k) is BIG, then Hi= [k k2|
= [1.1658 + 0.4 1.1672—0.29]= [0.7658 1.4572]

ol whE A gE4e thest ol 1

ehey.

#5729 A

If 2 (k) is SM, then X(k+1)= G1X<k)

— (4 + BH)) X(0)= (— 11..10843 - 1.(}900

If z(k) is BIG, then X(k+1)= G,X(k)
— (A+ BHY)X(k)= (7 1.1805 — 1.1952)X(k)

)X(k)

1.0 0
A 3 AAE Qb 4 A4, ARk
A G1[= 1.0909
Amaxl GZ‘: 1.0932
oAl €& -0.33% B35,
g=1(1.0932—0.33)* = 0.7632% = 0.5824
1 a r 1.5517 — 1.5591]
\g 1 1.3102 0
C. = {71.546671.5659]
\/* 27 | 1.3102 0
T PE
_ [15.42 —2.06
r= [7 2.06 5.92 }
oz ughy
U tp e o _ [27.0656 33.7446
g PG PEm = [33.744622,6898%07
o(Q,)=55.6931, 8.9377
L rpe  p_ . _ [26.861633.7898
g PP P=m = (553006 a-0504] <
o(Q,)= 58.7472, 8.9462
utebr] 23.15)el 23] A EF BAEE 23k 3}
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1—0.5825) PO
1542 X 8.9377=0.4919

p= [US00E]
T AT BAgEE SlolHF RS
length= corollaryol] 9J3l] th&-7} o]

length = %r =0.6957

AfA o2 3 AR 54| @ Ao77F B 5 gl
£ NS W 9 A, [0 e 2
o] Folxitk

—0.348 < Ag; < 0.348  for i=1, 2

DA 4 : Ao} A A|=Flo] HA shEta|E B4

= ¥ 73 o] Rt

A 5 F AR HA] WS A7)l RE oA WA

HA &5 A7 7] A A gL

HA @ AoJ7|(FSLC) 2 :

Aa; =0.70, Aa, =021 7

_ [0.700]_ 10

AAZ_{ 0 0]_070[00}

H)=H!~(B"B)'B"AA, = [37.231.19]

H2=H2— (B"B) 'B"AA, = [37.031.46)

HA &F AJ7I(FSLC) 3 :

Aa; =0, Aay, =0.70%] 3,

ad, = [0079) = 0.10[ 1]

mi=m—(B'B) 'BTAA, = [0.9737.45]

H2=H}— (B"B)'B"AA, = [0.77 37.72]

HA &F AJ7|(FSLC) 4 :

Aa, =0.70, Aa, =0.70¢1 35,

_ [0.700.70
AAF{ 0 0 }*070[00]

Hl= H'— (B™B)'BTAA, = [37.23 37.45]

mi= 1~ (B'B) 'BTAA, = [37.0337.72]

A ©@Z Ao 7|(FSLC) 5 :

Aa, =0, Aa, =—0.70%1 735,

0—10.70 0-1

ady= (07070 o700 1]

HY=H!-(B"B)"'BTAA, = [0.97 — 35.08]

H2=H?— (B"B)'BTAA, = [0.77 — 34.81]

A & A 7|(FSLC) 6 :
Aa, =—0.70, Aa, =—0.70%1 735,

70.707%70] 070[ 1— 1]

Ady=|""

Hi=H!'-(B'B) 'B"AAy = [ 35.30 — 35.08]

H2=H}— (B'B)"'B"AAy = [~ 35.30 — 34.81]
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ANH o A= 67119 HA BT AoJ7]E zHe HA Kp = 14.6, Ky = 0.25, 183 Kp = 3.92 AAse] A9
o5 Ale] Al2='e a9 73 gk shleh 17 8ol & & lol, &' AFe] 7% HH
S g & AE AR FH5k vk 2R ARA
Aar1 0%7]E# =4 o]FmEe 2 TeiE 23S 3
A% 5 gtk Ae 9% Fh
5 ===< «— hypercube
0.5 0.5 A:al S
I—— maximum
AT parametric s
08 uncertainty
area 5
[ 7] 1A efnje] BEagdel B ‘
5.2 OWMRe] 38 A3 A} :
TAE A28 T2 Ao AxE d]lsly] $1sfe] .
A Ao (tracking control) A S AA| S}, = A4 -
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