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Wacharapol Binhayihmat 2012: Fuzzy Control of Two-Wheeled Vehicle.
Master of Engineering (Mechanical Engineering), Major Field: Mechanical Engineering,
Department of Mechanical Engineering. Thesis Advisor:

Assistant Professor Withit Chatlatanagulchai, Ph.D. 50 pages.

The design of two wheeled vehicle controller is complicate and challenge. The dynamic
of two wheeled vehicle is a complicated, multi-input multi-output system, and it is under-

actuated. Therefore it is difficult to develop the controller using a conventional controller

In this project we use fuzzy controller. The fuzzy controller is human reasoning by which
we can control the system through our knowledge and experience of how the system works.
Fuzzy controller can control nonlinear system, multi-input-multi output system, also fuzzy
controller can reject plant output disturbance .The two wheeled vehicle consists of a aluminum
platform, human, dc motor and several sensor that feedback output signal to the controller. We
aim to design two wheeled vehicle that has good response, stability and robustness. Simulation
and experimentation show that the fuzzy controller can stabilize the system, also can reject the

disturbance due to external force.
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Fuzzy controller

i Inference =

Reference mput E j»| mechanism [ -= Inputs Outputs

2 =

ni) g = u(t) ¥(1)

—> | = ] ] » Process >

P =

= b T

- -~

Rule-base| | =

T

MNN 13 AN

1301: Passino and Stephen (1998)
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NMNN 13 Llﬁﬂiﬁﬁﬂﬁﬂﬂﬂﬂ“]ﬂ“]ﬁ ¥9U52NoUAIY 4 TIU AD

1. Rule Base

IAVDY Ng) If-Then Faa519TasA1wTuazmanaveIfiFormayexpert knowledge)

Tumsnuauszuy 8gluz1/ued IF Premise THEN Consequence ¢908194M15AUANTEUL

anAuTINAY 191

IF error is neglarge and change-in-error is neglarge THEN force is poslarge

IF error is zero and change-in-error is possmall THEN force is neglarge

IF error is poslarge and change-in-error is negsmall THEN force is negsmall



(a) (b}
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MW 14 AN1IZANY) YBIGAANNING

q

13071: Passino and Stephen (1998)

Y o v A A

1uﬂsﬁqﬂmmﬂau 4 2 input A error (e) LLAL change in error (&) LLAL 5

q

Y 9
Y = [

(c)

linguistic value ﬁ1ﬂ§ﬂll@ia$input NIRRT NRINUA 5" =25 rule aauaaaluA1s e xxx

M1519N 1 Rule base Y0932 UUGNANHINAL

21

“force” “change-in-error” é
u -2 -1 0 1 2
-2 2 2 2 1 0
“error” -1 2 2 1 0 -1
e 0 9 1 0 -1 -2
| I 0 -1 2 2
) 0 1 2 2 2

13071: Passino and Stephen (1998)

2. Fuzzication

s ldaNurneves linguistic value Tagld “membership function”
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“possmall”

r o
e(t). (rad.)

wlad
g

MNA 15 membership function YD possmall
1301: Passino and Stephen (1998)

o { [} I
Wandu g Tunmi 15 ueasnnuiveue e(r) lunisiiu possmall gl

VYBImembership function HAASAININT 16

“possmall”
1.0
0.5
+ ¥ - t ¥ o
| X X efr), {rad.) | i = eft), (rad.)
4 2 4 ]
(a) Trapezoid. {b) Gaunssian.
-“1 A “possmall” “possmall”
+ 1 - 1 1 t -
= = (1), {rad.) ud x In e, (rad)
4 2 4 2
{c) Sharp peak. (d) Skewed triangle.

M 16 Llﬁﬂﬂgﬂlmﬂﬁhﬁﬂ U84 membership function

1301: Passino and Stephen (1998)

oAV Uy membership function nmvualag 7, o) fuzzy set.

LRVERT membership function YD crisp set uaaslunn 17



23

10
05
t } . =
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1301: Passino and Stephen (1998)
Universe of discourse 1151 input 1182 output YoaIAILANWYE Ao szezinan
' I @ @
A4 input Hazoutput 921Tu'ld  Membership function Y9932 UUYNAVHINAUUUI I
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= " . *  “poslarge”

A

T -

_% _% l_J:S % % %e{t}, (rad/sec)
2 -1 0 1 2
“neglarge” B “poslarge™
- ¥ ' ¥ f i T >
300 20 -10 10 200 304, 00

Y o @
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1301: Passino and Stephen (1998)
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vole=x/2u0se=—n/2, AMu euaq?>7r/4ua$?<—n/4fnznmm1ﬂu JTR [N
t t

[

de de A @ o Y1 o
?:n/4ua$?:—n/4 . MUHAINOUUDNTAVDI output u MInA9Inavodoutput
t t

4 de
A9 20N , 1A xx a1 e(r) :n/4ua$?:n/l6 15192 18
!

lupossmall (e) T 1
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3. Inference mechanism

Y
Tun32UIUMS Inference mechanism fl@g 2 Tunpufo 1. Matching step Liae

inference step

3.1 Matching step

1 d' v de 1
W11 Ng(rule) Vo lnuMd iy input e 1oz — e(t)=0
t

mg§ — /8= /32 =0.294 W 19
t

1 A

“neglarge” 7w : “poslarge”
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| % = eft), (tad)

1 2

w " . a : « -
neglarge poslarge

A

e

>
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INEY

d
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MNN 19 lavzunsuuand nNf(rule) NN1Y

1301: Passino and Stephen (1998)
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= = 0 A
INNINN 19 U 2 rule NNIU AD
1. IF error is zero and change-in-error is zero Then force is zero

2. [IF error is zero and change-in-error is possmall Then force is negsmall

9
[ Y

9 [
asiuluszuutiazdl rule v ldunigado 4 rule , iviue e=7/8

(de/dt)=025 1571 1, 1&9n

premise

oy ? =7/32 151018 1 (e)=0.51ag u
!

zero possmal

minimum : g1, =M { g, (€), . (de/df)} =minf{0.5,0.25} = 0.25 %30

product : 4. =(0.5)(0.25) =0.125

o w ' de ax v v =

MUIVNNA e(?) Lay d_ 1a® 35 minimum 15192 1@ H promise ANDINN 20

t
P'prfmr'se
eft), (rad)
%e{!}. (rad/sec)

MW 20 K pyomise YO single rule

1301: Passino and Stephen (1998)
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3.2 Inference step

15841 rule 1 : IF error is zero and change-in-error is zero Then force is zero

15195 1@9n

premise(1)
lupremise(]) = min {025,1} =0.25
Implied fuzzy set ‘ﬁul,@gl}mﬂ rule 1 a9

:u(])(u) 7 min {025’ :uzero (U)}

P

Wunust lunni 21 uead Implied fuzzy set

-10 | 10 with (N)

NN 21 Implied fuzzy set 910 rulel
1301: Passino and Stephen (1998)

W15841 rule 2 : IF error is zero and change-in-error is possmall Then force is

negsmall 1I51ENTON 1 1aan

premise(2)
lupremise(Z) = min {075;1} = 075

Implied fuzzy set 118910 rule 1 Ao

My, (1) = min {0.75, /,tnegsma,,(u)}
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P2

Wunusa lunmi 22 uead Implied fuzzy set

=20 -10 ), (IN)

mwﬁ 22 Implied fuzzy set 910 rule 2
‘ﬁ?ﬂ: Passino and Stephen (1998)
4. Defuzzication
4.1 7% Center of gravity (COG)
i b, I,“TJ‘L!EQﬂﬁiﬂaN(center)ﬂJaﬂtlﬁiazmembership function U®4 consequence

) [ 1 o ] £ y {q ¥ % L
frsuuaag rule i ,luaed1eil b=0, bi==10 ,‘lﬁzj. He l,muﬁuﬁlﬁmembersmp function

ris { (% | ris Y
Hg, wagld g™ unw output 1 1400 danduguild, ism p 1dan

ucrisp _ ZibiJ.‘u(i)
ZiJ.'u(i)

—-6.81

iy (0)(4.375)+(=10)(9.375) _
K 4.375+9.375
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: .
20 30 u(th, (N)

WA 23 COG method
1301: Passino and Stephen (1998)
4.2 77 Center average

ris a 9
(511 1™ 1835 Center average 1890

uCViSP & zibi:upremise(i)

Zi lupremise(i)

(0)(0.25)+(~10)(0.75) _
0.25+0.75 -

crisp __

=175

NILUIUNTINUYDIAIAIUANNFTUAAIAIN NG 24
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NN

e T
[

If ermoriszero and change-in-ermroris zero Then force 1s zero

= Z gt
1

If error 15 zero and

10 ), (0

d‘ o o Id'
MNAN 24 MITNNIUVBIAIA IV
1301: Passino and Stephen (1998)
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in error t1a% ho 1Ilu output scaling gain ,h1tlagh2 11l scaling gain YoaNoIADs HeLary lay
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WR—=

Steering

WL —

Balancing
Fuzzy controler

91— /XX\ —ho]
(2]

5%

Plant Z

Y <
NN 25 uaaﬂ"lﬂammimwummu

fvualy linguistic variable e(deg) waze(deg/s) 11 11 linguistic numeric value @
-5,-4,-3,-2,-1,0,1,2,3,4,5 L‘Jﬂ‘]sfj minimum operator Lﬂuﬁm%u premise Llaﬂ‘]ﬁ% COG

L vy . . . g v .
defuzzication ¥ effective universe of discourse (/1 [—1 1] waz 15119 triangular membership

function AdUaAY 1A NN 26
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XX XXX

-1 08 06 04 02
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MNWN 26 Membership Function
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135199 2 Rule Base
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1 -3 -3 -2 -1 0 1 2 3 3 4 4
2 -3 -2 -1 0 1 2 3 3 4 4 4
3 =Dk -1 0 1 2 3 3 4 4 4 5
4 -1 0 1 2 3 3 4 4 4 5 5

INM50NUUUAINIANTEE 1T 1EmNTonaAINT MY InuaN Tagly
1% Y 1 = I . (% A
Control surface A4ta@AdTUNIN 27 Muan Tagiunuueuilu input UBIAIAIUAN AD e
. ?1‘1 I o ] %
ez é , unUAUIY output YBIAINILAN AiD 1 LAT BATIVEY gl,g2,h0 Fa¥1 lAa1ANTS

NAADI N1 0.0665,0.06,24 ATNAIA1
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o e B

mwﬁ 27 Control surface

EROHEGEE

X Inclinometer housing

d' . . a Y
NN 28 T2V inclinometer G]SL!ﬂQﬂﬁ]llﬂWhl

9
1511 Optical inclinometer 3 US digital T6A210A2108A2500A5/501 1AYNIDEIVD
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di d‘ d‘ a 1 9 a [
aumsmsnaouvesszuungii 28 Taglifan y annsarildeinnguesiiofu

J(6-6,)=cO-mglsin(0-6,)
—mlicos(0—0,)

(19)

: . .
Tagh J Ao TumuAnMNDY, m ANV pendulum, / ADILEZIINYANYUDINIA
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