LR LT T

|
|
input

(crisp) E |

Knowledge base

L ]

Fuzzification
interface

Database

Rule base

L ]

L

(fuzzy)

Decision-making unit

Defuzzification

interface

(fuzzy)

| output

(crisp) D
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o FIS _sbeadl J¥aiwd! allas

Agan elel palgd e lus J55 ] gaaadl 5ol Lig=s :Fuzzification (aesdl .

Ll 285m0 Holos telgd Ao gama 339 loall U5l @uas (Fuzzy Knowledge Base dglunll 48,all sucls .2
Sl @ Anluall welgall e (A5 ploan! cablas) J¥azwd) cldec ¢ly>] :Decision-Making ,!,all 3Lk
AL el

Wyl layeal Gyl Buay ey Sl o8y 5 Jl pleadl J¥a| m5b Jig=s :Defuzzification | aesadl a5l
Al B T (Vi) Aubes e Ll Loleall eyanll U5 3550 ol LS 5o et &1 Ja21 5550
........................................................................................................................................ s Lt (olaall

Knowledge base
: Database
lnput ! Hule I:lEIEB| ] ﬂlltpllt
‘| Fuzzification Defuzzification
| interface interface :
(crisp) J | (crisp)
E k 3 i
I =| Decision-making unit
(fuzzy) (fuzzy)
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FIS Editor N

Membership & oleall Ghill ae Joladl gty plas yelodl 3080 (rass fuzzy LS

Function Editor

Rule Viewer Surface Viewer
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:Tipping Problem — 1 JLia

(Food alalall (Service dausdl) allaidl i Jslus
.(ﬁp‘jbb§1&éqJDfA£uJ\zfs .
plladl c¥omia (0 Jomio S ilegazms
® Service: poor, good, excellent.
®* Food: rancid, delicious.

* Tip: cheap, average, generous.
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FIS Editar: tipper

File Edit  View

Z

6jliall

. tipper
zervice
/ [mamdani)
tip
food
FI= Marme: tipper FIZ Type: marmcni
Ancd method e o Current “ariakble
Or method o || Mame tip
T Lt put
Implication T - VRE EHiR
Rance [030]
Agoregstion e -
el ealiiy centroid w Help Cloze
Updating Fule Editor

:FIS Editor — 1 Jlis
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6)liadl
Mernbership Function Editor: tipper — O X
File Edit View
FIS variables Membership function plots pla. pale= 181
pulnr good excelllerrt
XX *
e
SEFVICE tigy
faod
D 1 1 1 1 1 1 1 1 1
1] 1 2 3 4 5 E 7 8 9 10
input wariable "service"
Current Yariakle Current Membership Function (click on MF {0 select)
[ service Mame poor
Type impaLt Tipe gaussmf o
Params 150
REII'IQE [D -1|:|] [ ]
Display Range [010] Help Close
Selected vatiahle "service"

:Service Jo¥I Jsud1 — 1 Jlw

Ll bl Aogle ¢ Lol aales 48N
[1.5 0]:Jg¥!

[1.5 5]: L

[1.5 10] :&dL
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6)li_aJl
bernbership Function Editor: tipper — ([l X
File Edit Wiew
FI= Yariables Membership function plots pla. palniz 181
rancid delicious
XX !
el vice: tip
XX
s 05 .
faod
0 g 1 1 T 1 1 1 1 1 1
] 1 2 3 4 5 E v g g 10
input wariable “food"
Current Yariakle Current Membership Function (click on MF to zelect)
Mame food Mame Fancicl
Type input [kie trapmt e
Params= [D g 3]
HEI’IQE [D 1 |:|]
Dizplay Range [040] Help Cloze
zelected variable "food"

:Food Sl sl —1 Jle

oo S ol oloymin 4k lals
[0 0 1 3] Jo¥I
[791010] !
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6)li_aJl
termbership Function Editor: tipper - ([l X
File Edit View
FIS Variables hemberzhip function plots pla. palnz 131
m cheap average generous
Zervice tip
food
0g 1 T 1 1 1
5 10 15 20 25 30
output variable “tip"

Current Yariable Current Membership Function (click on MF to select]

Rame tip Mame chesp

Type aLtpLt Type trimf e

Params [|:| 5 -1|:|]

HEI’IQE [030]

Lisplay Fange [0 30] Help Cloze
Selected variakle "fip"

:Tip &t — 1 Jls

Liw JS Sl 2utlie algs 2504

[0510]:Jq¥!
[10 15 20] : il
[20 25 30] :&JLd
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n Rule Editar: tipper

File Edit

View Options

A If (service iz

:Rules uclgall — 1 Jlia

aoor) ar (food i rancid) then g iz cheap) (1)

2. If (=ervice iz good) then (tip iz average) (1)
3. I (service iz excelent) or (food iz delicious) then tip i generous] (1)

il Lolland Jaad e lgd el Lyad 4l (o el
1. If (service is poor) or (food is rancid) then (tip is cheap)
2. If (service is good) then (tip is average)

W
If ar Then
ZErviCE is food is tip iz
oo delicious average
excelent MoreE HeEnerous
none none
v v v
|:| nct |:| nct |:| nct
— Connection Weight
@I ar
(U and 1 Celete rule & rule Change rule | 2z | ==
FI= Mame: tipper

Help | Close

3. If (service is excellent) or (food is delicious) then (tip is
generous)

aladl Jiaai 3486 (o Rule Editor | J505 aelgall sda Jso¥  ©
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:ué.ll‘ﬁ.\.qa}ji‘]é.b—'l Jla
.File aaslall ;e export oY plasiwly d> o & @ ke Jas sLad ) ol cale J) opsauas ol calll laas Sy

Ade Lot of dusl i i s Slus allad cale sl import dogadl (rag AaSlall puds (o Sz LS @
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Fule Wiewer tipper

File Edit Wiew Options

service = 7

1

N
e

I

3

10

food =75

10

tip =19

A\
a

A

|

1] 30

Input: 7.7 5

Plot points:

101

P

left | righit | dl:uwn| Lp

Opened syvatem tipper, 3 rules

Hedlp | Close

sl gdll (oye — 1 Jlie
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B surface Viewer tipper — [l X :C I ” ub)_c . 1 Jli@

File Edit Wiew Options

food 0 o Seryice
X (input): service o (input): foad o L (output: tip v
W grids: 15 g 15 Evaluste
Fet. Input: Plot poirts: 101 Help Close
Ready
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6jliall

:Ultrasonic &lwlbus S Lolds &gagd olde golas allas — 2 Jlia

FIZ Editor: ultrasonice — O e

File Edit WYiew

S
m hh"‘h‘ —
Ty -
Frort Sensar S e
ultrasonicc -
SO}
(mamdani) -
Right Senzor 4-""" “'*-...,l__‘*
- -]
| eft Sensnr Left Matar
Fl= Matte: ultrazonicc FI= Type: mathcani
Andd method i v Currert Yariahle
Or method - o || Mame Fromnt Sensar
L Type inpLt
Implic:ation i o
_ Range [@1]
Aggregation i o
Defuzzification centroid e Help Close
Ready
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: : L : _ & .
Bl tembership Function Editar: ultrasonice a x . ! - ‘_Ll‘ ’ ‘_ 2 Jl:hﬂ

File Edit View

FIS Variahles Membership function plots mka pal> 181
T ™ 7 Lol Atlte Lol galys 38
Front Sensdright hotor [O 0 03] . ij\
Rm%m woior | ' [0.20.50.8] : LI
AL [0.7 1 1] el

0 0 nz 0z 0.4 05 0E o0y o0& oA 1
input wariable "Front Sensor"

Currert Variable Currert Membership Function (click on bF 1o select)

Marme Front Sensar Mame near

Type inpout Type trimi >
_— o) Params 0003

Dizplay Range [01] Help Close

Fesdy
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B tembership Function Editor: ultrasanice — O >
File Edit Wiew

FIS “ariahles bember zhip function plots plal palniz 181

F)I‘I“ I:Inh I I I I mf2 I I I mf3

“ront Sensdtight Motor

2

0sr .

Right Sen=sckeft Maotor

Left Senzor 0

| 1 | T 1 1 1 1 1
0 0.1 0.z 0.3 0.4 0.3 0.5 0.7 0.5 04 1
output variable "Right Motor"

Current Yariakble Current Memberzhip Function (click on MF to select)

Mame Right hiotor Mame mf1

Type aLtpLt Type tritmt e
Params [-|:|"-1- 0 D"-‘-]

REI'IQE [01]

Display Range [01] Help Close

Selected variable "Right hatar®

s el ue1— 2 Jlie

Ll Autlte s Lamil aylgs 254

[-0.400.4]: Jo¥I
[0.20.50.8] : Ll
[0.6 11.4] ;&I
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6jliall

el gall — 2 Jlie

iy sl o A8l Lolas goull o igagll oo J) sLi¥l iz allaid) i Jead b Ll Apluall aclgall ans!
Lo olemily igag 0 ymmpin dyiloea] (pialises
rodeld e Jlia
If (Front Sensor is far) and (Right Sensor is not near) and (Left Sensor is not near) then (Right Motor is fast)(Left
Motor is fast)

If (Front Sensor is medium) and (Right Sensor is medium) and (Left Sensor is near) then (Right Motor is
slow)(Left Motor is med) (1)
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Surface Yiewer: ultrasonicc — [l >
File Edit Wiew Options
0.8 ]
£ 05 J
=
E 0.4 ]
v}
0z
.
0.5
Right Senzor 0o o Front Sensor
X (input ) Fromt Sensar ' (input): Right Sensar I (output): Right hotar e
X grids: 15 Y grids: 15 EvalLste
Ret. Input: [Mahl kakl 0.5] Plot pairds: 4y Help Close
Ready

lea_w." o2y — 2 Jle
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Inverted Pendulum problem cgall olgidl A3l g 1 3 Jlia
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doola sadlud !
6)liall

- Lsin ©
=t Sealipadl z3gadl daal zlims Yy (3Bl (5oL,
allazl)
m
v / W Smill g zy59 sy Glus (Sxie paead (So ®
Loso |0/ ™9 | pladl
. i |
.Ztig\)'.” iy Laall (8l sl 393\) Jedl c¥g=ie ®
Y
gl -

Tr——— | Laall e Lagdas a1 85311 iz, 5e0) Jymie ®
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A adlul |

R, T

State space representation

Inverted pendulum

Let x,= 0 and x,= 0. Then:

.'f"l 2
2 -
IH‘.Z;I‘E COSs ') s111.r COs .’y

gsinr, —
m, +m M, + 11

i - - T,
f 4 mcosTi ] 4 mcosTiay
3 m, + m 3 m, + m

I
+
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CEW) NP INPATIEWIBR RPN

(0" wsldl A pull) S Jsull 2ploall cilegaxll  ®
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6)li_aJl
FIS Editar: FUZZYLOGIC — O
File Edit  View
FULLYLOGIC
theta
/ [mamdani)
f
dtheta
FI= Mame: FUZZNLOGIC FIZ Type: mamdani
And methodl T - Current “ariable
Or methad _ o | Meme theta
T inaLt
Implication T - s e
Fange [-1.51.5]
Aggregation e "
D SEEn centroid b Help Cloze

pdating Membership Function Editar
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Mernbership Function Editor FUZZYLOGIC — O pe M]—’\
0)liaJl
File Edit View -
FIS Variahles Membership function plots k. pal 181
Hb NI:-.-1 N:S l: F'IS F'I:'.-1 FB

T
h i 'NB':

05t
dtheta

1 1,
NS

a T ] 1 ] ] 1 1 .

-1.5 -1 05 1] 05 1 1.5 Z .
input wariakle "theta" I P S' .
iCurrent Variable Current Membership Function (click an MF to zelect) )

Name theta Mame NE ! P M ! .

Type ingLt Type iy V ! P BI .
- Params [-2-15-1]
el [-1.51.9]
Dizplay Ranoe [-1.51.5] Help Cloze
Ready

L4 | ‘NM':

¥l Us ol Alegatl osle gzl

le IS @lAelhl e mlgs dain

-2 -1.5 -1]
-1.5 -1 -0.5]
-1 -0.5 O]
-0.5 0 0.5]
0 0.5 1]
05 1 1.5]
1 1.5 2]
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Membership Function Editor FUZZYLOGIC - O x w]_r\ :‘._?Sm‘ ‘J-&'u\-u a-j-)‘-}-fé-" QLGM‘
Fle  Edit  View 0)UoJi

FIS Yariahles hembership function plots i palmz 181 :L(‘:V“ ds Q“]’{A“)L} m b“ ‘93 a—’—ﬁ—‘#
I'-Ib INl‘u1 | NS | II I PS | P | PB
XX 1
@ f lNB': [-8 -8 '5333]
diheta = | (NM':['S -5.333 '2667]
'NS": [-5.333 -2.667 0]

L 'z [-2667 0  2.667]

inpLt variahle “dtheta"

Current Yariable Curtent Membership Function (click on MF to zelect) ! P S ! : :O 2 . 6 6 7 5 . 3 3 3 ]
g 'PM": [2.667 5.333 8]

. Type .
T'}."F‘E |npu‘|: trifmt bl 1 1 . o
= Paramz [-6 -5 -5.333] P B . | 5 . 3 3 3 8 8]
Snge [-E E]
Dizplay Range [-5 8] Help Close

Selected variable "dtheta"
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Membership Function Editor: FUZZYLOGIC - O W ﬂ.‘lﬂu
0)liaJl
File Edit Wiew Wpp—
FI= Wariahles hembership function plots kot palnz 181
m Hb NI:-.-1 NIS l: F'IS F'I:-.-1 PB
XX 1
1 ',
theta f N B .
XX N
05t NM:
ctheta
| 1,
NS
l:l T I 1 1 | 1 ] .
-60 -40 =20 ] 20 40 &1l Z

output varishle "

'PS":

Current Wariable

hame f

Type ot
Fange [-60 &0
Display Range [-60 B0

Current Membership Function (click on MF to select)

'PM":
v 'PB':

Mame NE
Type trimf
Params [-B00 -E0 -40]
Help Close

Zelected variable "1

-80
-60
-40
-20
0
20
40

25l Aol Sle gazel

le IS @lAelhl e mlgs dain

-60
-40
-20
0
20
40
60

40]
-20]
0]

20
40
60
80
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6)liadl

Fule Editor: FUEZYLOGIC

File Edit Wiew Options

t bl @Sl el

O X

If theta is ME) and (dtheta is ME) then (f iz NE) (1)
I (theta is ME) and (dtheta is MW then (f iz ME) (1)
If (theta iz ME) and (ctheta is NS) then (f is NE) (1)
I (theta iz ME) and (ctheta is Z) then (f is NE (1)

If (theta iz ME) and (ctheta is PS) then (f is M) (1)
I (theta iz ME) and (ctheta is PM) then (f is NS (1)
If (theta iz ME) and (ctheta is PE) then (f is PS) (1)
I (theta iz MM) and (dtheta is NE) then (f is ME) (1)
I (theta iz MM) and (dtheta is MM then (f is ME) (1)
0. If (theta iz MM) and (dtheta is NS) then (f iz MM (1)

= 000 -] th B Ld R

If and
theta iz dtheta iz

[ ] nat [ ]nat
— Connection Meight:
{ Jor

(®) and 1 Celete rule

Add rule | Change rule |

Then

fiz

FI= Mame: FILLZIYLOGEIC

Helg
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Rule Viewer; FUZZYLOGIC — O ¥
File Edit View Options
theta =0 ctheta =0 =10
1 = ] - ] e ]
2 = ] = ] = ]
= —— ==
4 = e —
5 =
B [ —
F — -
8 == (- =
= N a— e —
10 e % e ——
1M e e —
12 = 1 [ — 1
15 = | —
14 ——— ———
15 - e ——
16 ﬁ a— e —
17 i —— C —
E ——— ——
]
20 ]
21 C — —
22 = |
23 ' Pa— P ——
24 s —
25 R —
26 % I —
27 ———
B ] C — e ]
) ——— - e ——
A0 = [ - 1
[pfalli [0:0] Flot points: |44 hdawe: left | right | dl:uwn| up

Opened system FUZZYLOGIC, 49 rules

Help | Close
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6)li_aJl
B surface Wiewer: FUZZYLOGIC O
File Edit View Options
X [input; theta e |0 (inpLt); dtheta e | L [output):
X gricls: 15 Y gricls: 15 EvalListe
Ref. Imput: Flot paints: |49 Help Close
Feady
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FIS

name

type
andWethod
lorMethod
[defuzzMethod
impMethod
aggMethod

[

&jliall

LILEE PSS et

Input
name

range

rules

antecedent

consequent

Inputl MFs

name

type
params

output MFs
name

type

: bl alladd] Ay

TR 4
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i legdaddl alusmivly Sluall allaill cueasas

6)tiall
a=newfis('Inverted Pendulum’); bl aUaill Jaés g 36 ] 81 Claglas
a=addvar(a,'input’,'Theta’,[-1.5 1.5]); getfis(a)
a=addmf(a,'input’,1,'NB','trimf',[-1.5 -1.5 -1]); a Jsaiall A okl Sl AUail) Jualds 48 jadl
a=addvar(a,'input','dTheta’,[-8 8]); a=readfis('invp.fis')
a=addmf(a,'input',1,'NB',"trimf',[-8 -8 -5.33]); invp.fis <alall (e (luzall calall 3¢
a=addvar(a,'output’,'Force',[-60 60]); writefis(fismat,'filename’)
a=addmf(a,'output’,1,'NB','trimf',[-80 -60 -40]) (i g Jadall 8 Al bl Calal) Ladat

filename 4wl ala

rulelist=[1111 1;
12111;
13111;

a=addrule(a,rulelist);

force=evalfis([0.5 1], a)
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6)liadl

Cart & Pole
Dynamics

:JWd) 8L aluadl @Sl block

Farameters

FIS name:
{Far a file, use quotes and file extension, e.q., 'tipper.fiz')
—p ® - [FUzZL0GIC' ]

ioelsidly Ayall el
g5l (482 pall AL AST Lolgill 2S¢ o T olgill Jobo

olsly 0.1 2l

T Cart Pole {mask)
® Irverted Pendulum {cart & poled

Farameters

Initial Conditions (angle, angular welocity, cart position and cart welocity:
|| I[.1,0,0,0] |

Physical Specifications {pole length, pole mass, cart mass and gl
[1.0, 1, 2, 9.8] |

https://manara.edu.sy/
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:é\:ﬁd\ -SIMULINK

B scope: - d >
=2 @ | aw & %% O 5

DTheta

Force
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