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3.8 ﬂ1§ﬂ®ﬂ!!ﬂﬂﬁﬂ‘l&lm$iﬂ§!!ﬂ‘53~l
' o a v o A a Y £ Aa
‘P!'Hﬂu@l‘ﬂ%Qﬂﬂ?UﬂNﬂWiWaU‘ﬁﬁﬂﬂ']flfﬂiﬁ]‘ﬂﬁ%flgﬁiﬂﬂﬂl')NﬂJNﬁu1IﬂElfJu1"lﬁ1liﬂ
I Y 9 a <Y 9 a 4
LBULEDTAT1UE 1Y (Sensor]) BHV\I§1L5@LGBHL%@'§@1HWH1 (Sensor2) LL@&@HV‘I?H?@L%HL%@?
Y A A ~ v Y v ¥
A1UUI1 (Sensor3) ﬂTiﬂ’JiJﬂllﬂ”lilﬂﬂ@‘l!‘ﬂiﬂﬂi%‘ﬂﬂﬂ?ﬂﬂll!,UJ‘]J‘WGD’GBﬂ”Iiﬁ]Uﬂ”IuWuHLa?Jﬂ”ILl
9 Qle 9 a 1 dy a A A Ay 9 1 a
élﬂ\‘]ﬁ\‘]hl'l 30 L UALUAT umzmaﬂuazaz 15 (HUAUAT LUDITDLAADUNUTIUBDYNIT 15 LFUA
d‘! ~ [ =~ Y 4
LA T smzmaeu‘maEmammnazmuqmmuﬂcw NITAIUANNINATUIDIAWAUVDINIT
A = Y ) Y % o A
maauw"lﬂmwm%"lmamwﬁ 5 @2u1ls Ao Move Very Fast, Move Fast, Move Forward,
Y Y
Move Slow, Move Very Slow 182M15AILUANNINAILIBIEHAYDINTIAEIE Y N1T1HEIVIIAY
208183 186211159n 6 @2 Ad Move fast and turn to the left, Move slow and turn to the left,
Move forward and not turning, Move slow and turn to the right, Move fast and turn to the right,
Y
Move backwards @1313995118821U50181 (linguistic variable) faae 114
AMuMIeTUaIUYD Input
5282 Sensor AN (The Distance Very Far : DVF)
3383 Sensor Vlﬂa (The Distance Far : DF)
3282 Sensor WA (The Distance is Okay : DO)
5282 Sensor 1nA (The Distance Near : DN)
3282 Sensor ‘lﬂglﬂﬂ (The Distance Very Near : DVN)
Aanunueluamved Output (tndewh lleanih)
' s A Ay 3
HUIUALAADUNAIYIANULIINN (Move Very Fast : MVF)
A Ay <
HUIUALAADUNAIYIAINLTI (Move Fast : MF)
] s A A =
HUHIUANADUNNOA (Move Forward : MFW)
] s A ~ 3 Y
HHIUALAADUNAANITNLTINDY (Move Slow : MS)
] s A A <
HUIUALAADUNAAAITNLITININ (Move Very Slow : MVS)
1 d' ~ c&y 9 [
ﬂ’J”I?J‘Vi?JWEJ‘lT!ﬁ'JHEU?N Output (1NADUNLAYIEIY VINULDLDDYVIDN)
1 c'dy 9 9 <
YUIUALAYIFI8AIIAIINLIINN (Move fast and turn to the left : MFL)

1 o dy 9 Y < Y
RUIUALAYIFIWAIYANTNLTIUDY (Move slow and turn to the left : MSL)
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] s A a = 1 dy .
HUHIUANADUNNOA lyiden (Move forward and not turning : MFW)

' o v g v .
RUYUALAYIVINAIYAULTIUDY (Move slow and turn to the right : MSR)

] o y <3 .
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WUOUAATOUNNGUNET (Move backwards : MB)
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a a I 4 < J
A7 lamfia (Duty Cycle Change, Deh ) laiilulWnszuaasuie Tuauquanusivewenes
Y < A ' Ay a a o ' s .
nszudaseldianusinsiawmuesszeznieaidsdwazimssimuanigagud (Assigned
4 U : o 2 @
Value ) vouo1anailadiive ldawnsoimsailadilindgula

A A 4 9 9 o Y] a 4 = a dy a
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(Duty Cycle Change, Dch ) Fautiafladisnoonilu MVS, MS, MFW, MF tag MVF @401
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Membership function plots
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(ag MFR @499 INA 3-13

Membership function plots
I I I I I I I

05— =

0 fumt ol

=4 | | | | | | | |
-100 -50 -6 -40 =20 1] 20 40 =11) a0 100
output varisble "Robot"

d' = ) @ a 4 1 s A A dy 9 [
HMNN 3-13 “W“I)'Gmch'ﬁﬁ1ﬁiUﬂiNWﬂ!L@WﬂW@Wjuﬁlu@]maﬂu‘ﬂlﬁﬁn“ﬁﬁl VINULASDBINAN




38

v
g

Yuaouh 2 1ungilad (Fuzzy Rule Base) Usznoudiogaueengilad (Rules) Taninnism
=1 a 3 A Aa a Yy o 9 ~ U A A A
mawatuuaFasantiulensulnusunanal nezaeelingilsdnenezauisn ledain
a a { @ a 4 1 v o J
UsnasunannsulddaSinaedna1d @ovegluglunuanuduius (Relation) vo9
152 Ton “IF x is A THEN y is B”
] s A ~ Y 9
NRUBIMIAIVAN (Hueuamaouh Tudranii)

1) If (Sensorl is DVF) and (Sensor2 is DVF) and (Sensor3 is DVF) Then (Robot is MVF)
2) If (Sensor2 is DF) Then (Robot is MF)

3) If (Sensorl is DO) and (Sensor2 is DO) and (Sensor3 is DO) Then (Robot is MFW)

4) If (Sensorl is DO) Then (Robot is MFW)

5) If (Sensor2 is DO) Then (Robot is MFW)

6) If (Sensor3 is DO) Then (Robot is MFW)

7) If (Sensor2 is DN) Then (Robot is MS)

8) If (Sensor2 is DVN) Then (Robot is MVS)

1 o A A dy 9 Y]
NHUBINTTAIUAY (ﬂuﬂu@llﬂa@u%laﬂﬂ%’m VIS DBVIAN)

1) If (Sensor2 is DVN) and (Sensor3 is DVN) Then (Robot is MFL)

2) If (Sensor3 is DVN) Then (Robot is MFL)

3) If (Sensor] is DO) and (Sensor2 is DO) and (Sensor3 is DO) Then (Robot is MFW)

4) If (Sensor1 is DVN) and (Sensor2 is DVN) Then (Robot is MFR)

5) If (Sensorl is DVN) Then (Robot is MFR)

6) If (Sensorl is DVN) and (Sensor2 is DVN) and (Sensor3 is DVN) Then (Robot is MB)

v
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d‘ Y A A A 4 A A ) 1
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i lslumsaruguassdinuguilsdaeinied11150ADAUANNTIVOIH UIUA TAATY
-4
yatlszean
o ' I a d o = . .
1) MIRIIMMIIMANNT uaN1Bn VoI N FUT oy (Fuzzy Membership Function)
Y Ay ¥ J @ a < A A 1 J
nmimdeyanldainginsaiasarviaszeznie fianie tazanusimsiaaoun nsmiAIa

I a U ad o 1 o Jao { {
anudluanFnvesilad TaeITsanqu(Mapping) Taeldilensumdimasun1any (rapezoidal
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Jd o § 1
membership function) tazWanTud QPN (triangular membership function) Tagnsmian
I~ a I v o a A ] J Y @ v 9
ﬂ'J"IiJL']JUﬂ?J”IG]fﬂLLUU Maxterm msﬂummmums DM UIUADTIUTZYZAIYAINTIVINAIY
4 09; @ J a a
I UEDINN 3 A1 ﬁ@ Sensorl Sensor2 L0 Sensor3 ulﬁlﬂ'lﬁgflg 45 I UANAT 54 LB UALNATLLDY
40 1FUANATAINAIAL

@ 1 [ 1 Y =~ Sld' a 4 9 £ a
mﬂ@n@EJNﬂQﬂEﬂ’Jﬁ"IlJ”Iﬁﬂﬁi1@38UUW%%I@8@L%8’J%1Q}’JLF‘I§1$Wmﬂellﬂyjacm“b’uﬂ

E4
[

&Y I a . .
HanFuanuiuaaunsn (membership function) Y95 VUNAIL
o Jo A { a s
- mﬂ%uﬁmﬁammmg (trapezoidal membership function) Uszneudie 4 msdines

Ao {ab,c,d} Faaumsn (1)

0 x<a
(x—a)(b—a) a<x<b
trapezoidal(x : a,b,c,d) =+ | bx<xe e (1)
(d-x)(d-c) c<x<d
0 x=d

o o { a J
- HanFuaumasy (triangular membership function) Usznouale 3 W5 lwesne

{a,b,c} AaauMIN (2)

0 X<
x—a)l/(b—a L x<h
r}-'iangular(x:a,b,c)= (Y a)( a) BB, 2)
(c—=x)/(c-b) b=Zx<c
0 o

o J o A qaj Y ~ v J 1 [% A
uWNﬁ‘i’JiJ“U’E]QL@1ﬁﬂ@ﬂ%“ﬁﬂﬁﬁuﬂﬁﬂﬂmﬂﬂﬁQluﬂuﬂﬁaWﬁmﬂu@]ﬁgﬂg AITUNITN (3)

Cw)=(0LIAC1(w)) V (O2AC2(W)) V (OnACn(W)) e, 3)

ad 1 . I ax A AN Y =
IBNITHIYAFUIN N (Central of Gravity: COG) LﬂU’J‘ﬁﬂﬁLﬂﬁﬂWﬂﬂqﬂ%1ﬂﬂ1iﬂﬂ’ﬂﬂJﬁ1

maf ldnmsdszanam asaunsn @)

COG uNY F1YBIYAFUINII (Central of Gravity)
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N shdandd it 1 e
o, iy milsFveuerdnalumailsdaumiad i
w. U MR1d R wesasailaddummiaf i
M3AIUIU (Membership Function: MF) ¥840A15AIUAN (ﬁuauﬁmﬁauﬁ"lﬂ%’nwﬁﬁ)
Rule 1: If (Sensorl is DVF) and (Sensor2 is DVF) and (Sensor3 is DVF) Then (Robot is MVF)
Al FIUTAT MF1 = trapmf(45,96,140,156,156)
= (x1-aDVF)/(bDVF-aDVF) = (45-96)/(140-96) = 0
Al F IUTAT MF2 = trapmf(54,116.3,140,154,154)
= (x2-aDVF)/(bDVF-aDVF) = (54-116.3)/(140-116.3) = 0
Al F IUHAT MF3 = trapmf(40,96,140,156,156)
= (x3-aDVF)/(bDVF-aDVF) = (40-90)/(140-90) = 0
ﬁﬂ‘lj:u O, = min(0,0,0) =0 [Implication is Robot moving Very Fast]
Rule 2: If (Sensor2 is DF) Then (Robot is MF)
AT F TR ME2 = trimf(54,75,112.5,150)
= (x2-aDF)/(bDF-aDF) = (54-75)/(112.5-75) =0
ﬁﬂl‘fu 0L, = min(0) = 0 [Implication is Robot moving Fast]
Rule 3: If (Sensor] is DO) and (Sensor2 is DO) and (Sensor3 is DO) Then (Robot is MFW)
Al dILTAT MF1 = trimf(45,15,75,130)
= (x1-aDO)/(bD0O-aDO) = (45-15)/(75-15) = 0.5
A FILTAN M2 = trimf(54,37.5,75,112.5)
= (x2-aD0O)/(bDO-aDO) = (54-37.5)/(75-37.5) = 0.44
il uTAT MF3 = trimf(40,15,75,130)
= (x3-aD0O)/(bDO-aDO) = (40-15)/(75-15) = 0.41
ﬁﬂ’lfu O, = min(0.5,0.44,0.41) = 0.41 [Implication is Robot moving forward]
Rule 4: If (Sensorl is DO) Then (Robot is MFW)
il UTAT MF1 = trimf(45,15,75,130)

= (x1-aDO)/(bDO-aDO) = (45-15)/(75-15) = 0.5



Rule 5:

Rule 6:

Rule 7:

Rule 8:
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ﬁﬂl‘fu O, = min(0.5) = 0.5 [Implication is Robot moving forward]
If (Sensor2 is DO) Then (Robot is MEFW)
MilaFIuTAT MF2 = timf(54,37.5,75,112.5)
= (x2-aDO)/(bDO-aDO) = (54-37.5)/(75-37.5) = 0.44
w\ﬂiju Ol = min(0.44) = 0.44 [Implication is Robot moving forward]
If (Sensor3 is DO) Then (Robot is MFW)
Aild TudAn MF3 = trimf(40,15,75,130)
= (x3-aDO)/(bDO-aDO) = (40-15)/(75-15) = 0.41
ﬁlﬂf}‘u Ol, = min(0.41) = 0.41 [Implication is Robot moving forward]
If (Sensor2 is DN) Then (Robot is MS)
MiladIufiAN MF2 = timf(54,0,37.5.75)
= (x2-aDN)/(bDN-aDN) = (54-0)/(37.5-0) = 1
ﬁu‘fu O, = min(1) = 1 [Implication is Robot moving slow]
If (Sensor2 is DVN) Then (Robot is MVS)
Al F IUTAT MF2 = trapmf(54,-33.75,-15,15,33.75)

= (x2-aDVN)/(bDVN-aDVN) = (54+33.75)/(-15+33.5) = 1

AU O, = min(1) = 1 [Implication is Robot moving very slow]

~ 4 ) . [ ~
S’JNW“KGHLEJW]W@]%”Iﬂﬂg]nﬂ“UB (Aggregation) ANNTINN 3-14

Membership function plots
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ulasmilsdiordnnnnngnaderilua1ne (Defuzzification) 33M5H19ARUID 4 (Central of
Gravity: COG) i luaumsi @) 1'1é
COG = [(0.8x40)+(0.75x45)+(0.55x55)+(0.5x60)+(0x70)+(0x80)+(0x90)] /
(0.8+0.75+0.55+0.5+0+0+0)
—48.5 dalianlszanalndestuaiildanTlsunsy MATLAB fio 49.4

M39ANQY (Mapping) AININN 3-15

Senzor! =43 Sensar? = 54 Sensard = 40
Robot = 49.4
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PNT 3-15 nTlnuaaImMIMuIaR I NARI635 Mamdani ilodunaiilu [45 54 40]
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MNN 3-18 NTINALLD Surface 5241319 Sensorl KA Sensor3

o . . [ 4 4 i S
M3R811U2% (Membership Function: MF) ¥94n§)n13A10aN ({Ueuamasuine dns v uaz
0981a4)

Rule 1: If (Sensor2 is DVN) and (Sensor3 is DVN) Then (Robot is MFL)
Al F IUTAR MF2 = trapmf(37,-33.75.-15.,15,33.75)
= (x2-aDVN)/(bDVN-aDVN) = (37+33.75)/(-15+33.5) = 1
AilaF1uTIAT MF3 = trapmf(130,-54,-15,15,54)
= (x3-aDVN)/(bDVN-aDVN) = (130+54)/(-15+54) = 1
ﬁﬂ‘lfu O, = min(1,1) = 1 [Implication is Robot moving fast and turn to the
left]
Rule 2: If (Sensor3 is DVN) Then (Robot is MFL)
AilaE1uTIAT MF3 = trapmf(130,-54,-15,15,54)
= (x3-aDVN)/(bDVN-aDVN) = (130+54)/(-15+54) = 1

Y
[

AU Ol, = min(1) = 1 [Implication is Robot moving fast and turn to the left]



44

Rule 3: If (Sensor1 is DO) and (Sensor2 is DO) and (Sensor3 is DO) Then (Robot is MFW)
Ml FIuRRT MF1 = trimf(52,15,75,130)
= (x1-aDO)/(bDO-aDO) = (52-15)/(75-15) = 0.61
Ml FIuTAR MF2 - 1imf(37,37.5,75,112.5)
= (x2-aD0O)/(bDO-aDO) = (37-37.5)/(75-37.5) =0
MilaFIuTAT MF3 = trimf(130,15,75,130)
= (x3-aD0O)/(bDO-aDO) = (130-15)/(75-15) = 1
ﬁﬂ‘lfu O, = min(0.61,0,1) = 0 [Implication is Robot moving forward]
Rule 4: If (Sensor] is DVN) and (Sensor2 is DVN) Then (Robot is MFR)
Al FIUTAR MF1 = trapmf(52,-54.-15,15,54)
= (x1-aDVN)/(bDVN-aDVN) = (52+54)/(-15+54) = 1
Al F IUHAR MF2 = trapmf(37,-33.75,-15,15,33.75)
= (x2-aDVN)/(bDVN-aDVN) = (37+33.75)/(-15+33.5) = 1
ﬁﬂifu Ol, = min(1,1) = 1 [Implication is Robot moving fast and turn to the
right]
Rule 5: If (Sensorl is DVN) Then (Robot is MFR)
Al FIUTAT MF1 = trapmf(52,-54.-15,15,54)
= (x1-aDVN)/(bDVN-aDVN) = (52+54)/(-15+54) = 1
ﬁﬂ‘lfu Ol = min(1) = 1 [Implication is Robot moving fast and turn to the
right]
Rule 6: If (Sensorl is DVN) and (Sensor2 is DVN) and (Sensor3 is DVN) Then (Robot is MB)
Al FIUTAR MF1 = trapmf(52,-54.-15,15,54)
= (x1-aDVN)/(bDVN-aDVN) = (52+54)/(-15+54) = 1
Al F IUHAR MF2 = trapmf(37,-33.75,-15,15,33.75)
= (x2-aDVN)/(bDVN-aDVN) = (37+33.75)/(-15+33.5) = 1

MAxF TN MF3 = trapmf(130,-54,-15,15,54)



= (x3-aDVN)/(bDVN-aDVN) = (130+54)/(-15+54) = 1

k4
[

ANUU Ol, = min(1,1,1) = 1 [Implication is Robot moving backwards]

S 4 9 . [ ~
5ﬂuﬂcﬁcﬁl@1ﬂw%ﬁ]1ﬂﬂanﬂﬂl@ (Aggregation) ANNINN 3-19

Membership function plats
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100

' = (S Y g ) . . an J
wlasmlaierdnannngnnveiua1939 (Defuzzification) I5MN13HIYAFUINI (Central of

Gravity: COG) imuluaumsi @) 114
COG = [(0.4x20)+(0x40)+(0x60)+(0.6x70)+(1x80)+(1x90)+(1x100)] /
(0.4+0+0+0.6+1+1+1)
— 80 Fafimurumii 1801 Talsunsu MATLAB #ie 80

Y 1
IMININTANGY (Mapping) AN 3-20

Sensarl = 52 Senzar? = 37 Sensard =130
Raobat = 50

1 N

a N

-100

q‘ a o 1 J 9 ag . A a I
HMNN 3-20 ﬂiTWﬂLLﬁﬂQﬂ”Iiﬂ”lu'Jmﬂ”ImWW\!@]ﬂ'Jﬂ'J‘ﬁ Mamdani maauwmﬂu [52 37 130]

100
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Sensord

Senzor2

-21 N5 1WAV Surface 52419 Sensorl 1AL Sensor2

MNAN 3
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Sensord

3-22 n5IALLY Surface 554319 Sensor2 LAY Sensor3

a
MAN

Sensort
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J Y . dy Y @ A 1 dy
ﬁiﬂWaﬂ’]ﬁWﬂ']ﬂﬁmsUﬂyla Operating Data 1U93AU ANA1519N 3-1 ﬁ@l’lfﬂu

q' 1 4 A ~ 1 d Y o a a dy 9
f1319% 3-1 ﬁ'ﬁ;ﬂﬂWWEﬂﬂiﬂ!ﬂTilﬂﬁ@u‘ﬂﬂl@ﬁ?ﬁuﬂuﬁﬂﬂﬂﬂ%%ﬁﬂ%ﬂm@ﬂ@lu

Sensorl Sensor2 Sensor3 Robot
45 54 40 49.4
30 35 32 44.9
90 10 85 38.3
75 75 75 60
52 37 130 80
75 74 14 -80
13 75 74 80




