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Motivations: control system

Crisp
Output
Controller

System

System
sensors

System
actuators

e.g.: camera control
distance & light (Vs)
=» focus & aperture (Va)

> Classical approach
- Mathematical function
- Not always possible

» Fuzzy approach
- knowledge & experience
-» « Natural » control
- Not accurate
=» uncertainly <
but acceptable !




Fuzzy controller: an example

s
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Py

if Distance is far then Speed is high Fuzzy controller
if Distance is close then Speed is Iovy. ...... Distance Speed
Remarks: "
- « natural » language Rules
- far ? close ? high ? low ? S
Mesured distance d =» Sensors n =
\7 l‘ n ‘E
N\

Actuators € speed: s




Fuzzy controller: structure

Fuzzy controller

Knowledge Base
[ Fuzzy Fuzzy ]

sets rules
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Output

Four main parts

» Knowledge base (expert)
If-Then Fuzzy “natural” rules

and Fuzzy sets !
=10

» Fuzzyfication module
Crisp Input Values (Vs)
= Fuzzy input sets

» Fuzzy Inference engine
Knowledge base
Fuzzy input sets

=» Human like reasonning
= Fuzzy output sets

» Defuzzyfication module

Fuzzy output sets

=>» Crisp output Values (Va)
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Road map

Page 26

Fuzzy Logic: a (very) short history
Fuzzy reasoning. - a need of fuzzy sets
- warnings
- applications
Fuzzy sets: - representation
- fuzzy operators and modifiers
- fuzzyfication
- defuzzyfication
Fuzzy logic inference
- example of knowledge base
- a larsen controller A
- a mamdani controller
- very important remarks
% Page 45 Exercices




Fuzzy Logic: a short histery

» 1965: Lotfi Zadeh (Berkeley University) defined the
Fuzzy set theory =» core concepts of fuzzy logic

» 1973: Lotfi Zadeh proposed to apply fuzzy logic
to system control

> 1974. Abe Mamdani (London University) proposed a fuzzy
steam engine control (first « industrial » application)

» 1985: First general public products (Japan): Cameras,
washing machines, etc. with « Fuzzy Logic Inside »A

> 1990’s: Widespread usage (daily life products....)
= WARP: Weight Associative Rule Processor
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Fuzzy reasoning: @
a need of fuzzy sets

,,,,,,,

Classical set Fuzzy set
, high fever 1 high fever/
0.8
/
1 04 /
02 /
0 T(°C) 0 / T(C)
39 38 39

Let us consider a patient with a temperature 38.9 °C
and the rule : If Fever is high then Sickness is Covid-19

Classical logic Fuzzy logic
=» No covid-19 =» Possibly (0.9) Covid-19

Classical logic do not consider
s | B uncertainly of the real world 7




Fuzzy reasoning: @
warnings

Fuzzy Logic approach is:
- different from a classical scientific method (a priori)
- more pragmatic than deterministic

=> Do not be too cartesian to use fuzzy logic
=>» Be intuitive ("expert’/human reasoning)
=» Accept non-perfect results...

| Fuzzy logic considers
m .. ¥ uncertainly of the real world 8




Fuzzy reasoning:
applications

]
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5 A wide range of applications

Decision making (Business, defense, etc.)
Diagnosis (medical area, fault detection, etc.)
Database interface (fuzzy objects & fuzzy queries)
Pattern recognition (medical, defense, autonomous cars, etc.)
Robotics (robot arm & flexible link control, etc.)

Industrial Process Control  (cement kiln heat control, etc.)
Daily life product control (air conditioning, camera, etc.)
Etc.

0

-0
q
(o]



Fuzzy sets:
the main concept!

/ Knowledge Base \

[Fuzzy Fuzzy]

sets rules

Crisp
Input

Crisp
Output

SN

number Fuzzy Logic result
sets inference sets

Fuzzyfier \/ Defuzzyfier
FuzzyL[ J IFuzzy

System

System
sensors

System
actuators
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Fuzzy Classical sets: @

i representation

Classical set theory: E ={x;,x, X3,X4 X5} Universe of discourse

E A ={X5,X,} A subset of E (A C E)
A a Let w, the membership function of set A
=0 Vx €E n,(x) €{0,1}
A (xy) = 1 0, if x¢A
ua(x) = {1’ if xe A

u,(x) : membership (value) of x for set A

1 Old

i T reci
Classical set OO0 precise

example

e 0 Age 1
¥ 80

7
for reasoning !! A
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Fuzzy sets:

representation @

Fuzzy set therory: E Universe of discourse

A subset of E (A C E)

e . | |
Fossible interpretalion| | et p1, the membership function of A
wx |[xeA
1 yes Vx €L, l.lA(X) e [0,1]
511 |possiblyyes| |\, (x) : membership degree of x for set A
[0.3;0.6[ [ cannot say
10;0.3[ |possiblyno | |f p,(x)=0.5, x belongs to A with a
0 |no membership degree of 50%
: T  Uncertainl
Fuzzy set 8[2 / neer al.n y 4
0.4 / for reasoning ! A
example ;5 / o
o O 0 [ [Age 12 @
o il cvmorsiasreucruen ”[D 70 80




Fuzzy sets: &
representation

Examples:
Fuzzy set Small Fuzzy set large
1 [Small 1 Large
8’3\\ 06 /
04 N\, 0.4 /
0.2 N\ 02| _/
0 N__R 0/ R
0 1 0 1
2-set fuzzy partition of R Let us consider X=0.25
1 | Small Large
0.8 uSmall(X) = 0.75
04 1 | HargeX) = 025
0-£ = > X is Small at 75%
0 0.25 1

X is Large at 25%




Fuzzy sets:
mostly used representations

triangle(x4,X2,X3)

/

\

/

\

/

\

—/

\

X1 X2

down_ramp(X4,Xo)

X3

TRUKTURNI

CoO00
oA -

o000
ON PO -

trapeze(X,X2,X3,X4)

[ N\
/1 [\
/ \
/ \
X1 Xo X3 Xy

Remark 1:
due to computation,
smooth shapes

e

o000
ONPOOO -

-~

X1 X2
are very less used

Remark 2: é

classical sets are special 4
0
N

cases of fuzzy sets
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Fuzzy sets:
fuzzy operators

Fuzzy operators define relation between sets
=» Intersection (and), union (or), complement (not), etc.

Triangular norm and co-norms are used...

Definition 1, a triangular norm
is a function *: [0,1]x[0,1]=>[0,1]

Some t-norm properties:

Limit: Oxa=ax0=0;1+xa=a*1=a
Commutativity:  axb = bxa
Associativity: (axb)xc = ax(bxc)

t-norme examples:
min: min(a,b) ;
product: aeB ;
etc.

Definition 2, a triangular co-norm
is a function +: [0,1]x[0,1]=> [0,1]

Some t-conorm properties:

Limit: 0+a=a+0=a;1+a=a+1=1
Commutativity:  a+b =b+a
Associativity: (a+b)+c = a+(b+c)

t-conorm examples:

max: max(a,b) ;

sum: a @ b = min(1,a+b) ;
etc.

A
&
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Fuzzy sets: &
intersection (and)
Classical sets

AB| ANB: Vx €E Mang(®) = pa(x) * pg(x)

= || If t-norm * = min then A N B:
V X €L, HAnB(X) = min(p,(x), pp(x))

A
Example 1 A_
0.8 AN _ B e
0.6 / \ ANB
0.4 [\ :
0.2 / X 3
0l Lo £ Vx€E

Other t-norms can also be chosen....
Y Zup 16
“ A L e




Fuzzy sets:
union (or)

Classical set |
daSSiICa i?JBS AUB: Vx € E, I'I'AUB(X) — u’A(X) + IJ.B(X)

B
= 4 If t-conorm + = max then A U B:
A V x € E, Haus(X) = max(py(x), up(x))
Example 1 A—
B .-
AuB—
VX€eEE

- 2
- O 5 17
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Fuzzy sets:
complement (not)

Classical sets

A

Example

A: Vx €E, 1ia(x) =1 - pA(x)

‘Used to describe a set negation ‘

VxeE

18




Fuzzy sets: @
intersection & complement

Classical sets | ]
ANA=0¢ |A Remark: with fuzzy sets, ANA =@ ?

A | fani ]

A_
0.6 AW
0.4 / \
0.2 / ':‘ ::.\
0 / “"f: \ VX eE




Fuzzy sets: &
union & complement

Classical sets

AUA=E [A]| Remark: withfuzzy sets, AU A=E?

>|avi e

» 2
= 1 20
EUROPSKI STRUKTURNI €
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Fuzzy sets:
modifier (very)

@

very A: VX E E, uveryA(X) — uA(X)Z

Used to describe a more specific set

Example

1

0.8
0.6
0.4
0.2
0

A

[

L\

L]
Ll
L]
L4

L

-
.
A J

-
*
‘0
‘0
*

Py
*
‘0
.0
*

Remember: Vx € E, pa(x) €[0,1]

EUROPSKI STRUKTURNI
/

VeryA Enn

Vx eE

21




Fuzzy sets:

modifier (few) @

few A: Vx € E, ufeWA(X) — uA(X)

Used to describe a less specific set

Example 1

0.8 /\ few A =nr-
0.6 [\
0.4 O\G
0.2 if \i
o N JVXEE

£
Cayv
e M EUROPSKI STRUKTURNI € | oo
Europska unja 1 INVESTICIJSKI FONDOVI S | wuose
Zajdno do fondova EU” F 1 rorenom




Fuzzy sets:
fuzzyfication/defuzzyfication

Knowledge Base
[ Fuzzy Fuzzy ]

Crisp sets rules Crisp
Input Output
Defuzzyfier
Fuzzy : Fuzzy
number Fuzzy Logic result

sets inference sets

System

System
sensors

System
actuators

i
(R
s Dl



Fuzzy sets:
fuzzyfication

Europska unja
Zajodno do fondova EU”

CoO00
oNhO®O -

Crisp value
(real number)
from a sensor

Fuzzyfication
module

Fuzzy set
(fuzzy number)

Which fuzzy set can represent a real number x ?

Let us consider:

Accurate data

X
c=0=>Si

B EUROPSKI STRUKTURNI
1 INVESTICISKI FONDOVI

ngleton
%

5
€ uiNe 1
S | yuosk
F | rotenom

- X , mesured value by the sensor
- 0, measurement standard deviation

Imprecise data

elejele
ONDROOO —
S
/

CO00
oNvhrO =

Imprecise data




Fuzzy sets:

defuzzyfication
Crisp value
! Fuzzy set Defuzzyfication — (real number)
| module for an actuator

Which real number x better represents a fuzzy set ?

Let Result Two major defuzzyfication methods
1 |Result center of gravity max_average
88 \ 1 Result 1 Result
: 08 [\ 08 [\
0.4 \ 0.6 || \ 0.6 || \
0.2 1 0.4 \ 0.4 \
0 0.2 1 02 ]
an inference output 0 0
fuzzy set

o
© EUROPSKI STRUKTURNI
SREOpS W 1INVESTICISKI FONDOVI
Zajedno do fondova EU”



Fuzzy logic inference:
the second main concept !
/ Knowledge Base \

Fuzzy Fuzzy
sets rules

Crisp
Input |-

Crisp
Output

[ Defuzzyfier

Fuzzy Logic
inference

Fuzzy

System

System System
Sensors actuators

i
(R
s Dl



Fuzzy\lg\gic inference:
example of knowledge base

Fuzzy rules:if X is Small then Zis SmallZ (Rule 1)
if X is Large then Z is LargeZ (Rule 2)

- —

Fuzzy input sets Fuzzy output sets

1 [Small Large SmallZ LargeZ |1
0.8 I\, 0.8
06 L N/~ \ [1\ 0.6
0.4 P \ [\ |04
02/~ \, \ [ 1T\ 102

0 R \ / \R|O

0 1 1 0 1 4 5 6

XeER —{Fuzzy (:ontroller}—v ZER ?

© ~ (2
@ EUROPSKI STRUKTURNI et
Europska unja HINVESTICHSKI FONDOVI YUK
2aj@dno do fondova EU” POTENIA
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Fuzzy logic inference: example
of a (larsen: « ) controller

~ )
( . Fuzz Knowledge base
X g Fuzzyfler] numbgr / 1 /Small Large SmallZ LargeZ 1\
N 0.8 0.8
0.25 L—— set 0.6 N7 I\ 06 i
1 04 X \ J[\ |o4 ¢
(L 0.8 / 02 _Z N\ \ f1\ {02
\\’\ 0.6 0 N_R \ /[ \®o b
0.4 0 1 101 456 s,
L/) H O'% R Rule 1 :if X is Small then Z is SmallZ i
0 x=0_25/ \_~~ Rule 2:if Xis Large then Z is LargeZ -/
. Fuzzy Logic inference
- _ N
1 [Small Larael Msman(X) = 0.75 Z1: Result Rule 1 ~ Z: Fuzzy Result Z1U Z2
0.8 - uLarge(X) =0.25 SmgliZ | . 2un O ’
0.6 / ¥ 0.8 also (W):canter of gravity v
0.4 i 0.6 max 2 £
0.2 X: Small at 75% E 0.4 \ 7
0 N\L_R| X: Large at 25% 0.2
0 X=0.25 1 i R 0
Rules 101 -1 0 1

=» Rule 1: true at 75% +

activation Z2: Result Rule 2
Rule 2: true at 25% +—| degrees LargeZ | 1 A
0.8
Vv larsen_ T 106 center 7 ‘-q
VX € ]R; u21(x) = 0. 75 l’lSmallZ(X) 8‘21 ) ﬁ
VX € Rz (%) = 0. 25810000 (0) —> [___ZINH 0 Defuzzyf'er — 1.25
\_ 4 5 6 Y,

o>

I s\ implication:=larsen (producte) also:=max (u) defuzz:=center /



Fuzzy logic inference: example
of a (larsen: .+ ) controller

configuration I/l A'larsen controller
{
and := min; // min, product Controller1.fuz
or := max; /I max, sum
defuzz := center; /I center, max_average
implication := larsen; /l larsen, mamdani
also := max; /[ max, sum
} function surface _
linguistic z
Il Input sets: Linguistic values for X and Y (Y not used) . X Y

Small := down_ramp(0.0, 1.0);
Large := up_ramp(0.0, 1.0);

.
(3
(3

For(X=0;X<=1.0;X=X+0.1)

// Output sets: Linguistic values Z

SmallZ := triangle(-1, 0,1); {
LargeZ := triangle(4,5,6); For(Y=0;Y<=1.0;Y=Y+0.1)
} {
E“'es X = Fuzzy controller ]_ 7
if X is Small then Z is SmallZ; O Y —{__Controllertfuz
if X is Large then Z is LargeZ; } }
} ~.

w 2
@ EUROPSKI STRUKTURNI =
Europska uniga i TSk
Zajdno do fondova EU” POTENOWN

1 INVESTICISKI FONDOVI :



Fuzzy logic inference: example
of a (larsen: « ) controller

Terminal

student@student ~/Desktop/FuzzylLogic/FuzzyFonction $ ./function Controller1.fuz

SUITace

(e — [\ w e W
L

Opska unga
EU



Fuzzy logic inference: example
of a (mamdani: min) controller

A~ ™
. Fuzz Knowledge base
X g Fuzzyfler] numbgr / 1 |Sma|| Large SmpallZ LargeZ 1\ i,
\ 08 0.8
0.25 L—— set N4 J\ 106 E
1 04 X \ J[\ |o4 C
@ 0.8 / 02 \ \ J 1\ 0.2
0.6 0 N__R \ [/ T\Ro ,,
% 0.4 0 1 101 456 s
0-% R Rule 1 :if X is Small then Z is SmallZ 11
0 x=0_25/ \/ Rule 2 : if X is Large then Z is LargeZ /
/ Fuzzy Logic inference -
1 [Small Larael Msman(X) = 0.75 Z1: Result Rule 1 ~ Z: Fuzzy Result Z1U 22
0.8 - uLarge(X) = 0.25 SmgllZ 1 | . ',”OI,QQ )
0.6 /[ J 0.8 alse (W):canter of gravity R
0.4 0.6 max y; :
0.2 X: Small at 75% \ 0.4 \ 7
0 N\L_RJ] X: Large at 25% i) 0.2
0 X=0.25 1 1] R 0 —\791‘@
Rules 1.0 1 -101‘456

=» Rule 1: true at 75% + J

_ o activation Z2: Result Rule 2 -
Rule 2: true at 25% +— degrees LargeZ | 1
¥ mamdani 0.8
e 0.6 center
VX € ]R, I'lZl(x) = (0 75' uSmallZ(x)) .-": :‘-. . : )
= T\% 0.2 Defuzzyfier

V X € ]R; IJ-ZZ(X) = (0 25, I'I'LargeZ(X))__> 0 y
Y 456

- 5N implication:=mamdani (min) also:=max (u) defuzz:=center



Fuzzy logic inference: example
of a (mamdani: min ) controller

configuration /I A mamdani controller Q
{ >
and := min; /I min, product %4 Controller2.fuz
or := max; /[ max, sum (OR
defuzz := center; /l center, max_average “3(:
implication := mamdani; //larsen, mamdani =
also := max; /[ max, sum
} function surface -
linguistic Z
Il Input sets: Linguistic values for X and Y (Y not used) . X v

Small := down_ramp(0.0, 1.0);
Large := up_ramp(0.0, 1.0);

.
(3
(3

For(X=0;X<=1.0;X=X+0.1)

// Output sets: Linguistic values Z

SmallZ := triangle(-1, 0,1); {
LargeZ := triangle(4,5,6); For(Y=0;Y<=1.0;Y=Y+0.1)
} { )
EU'eS X= Fuzzy controller ]_ 7
if X is Small then Z is SmallZ: | Y =e__Controller2 fuz
if X is Large then Z is LargeZ, } }
}

w 2
'F EUROPSKI STRUKTURNI :‘{‘?\, -
Europska unija i S | yuosx
Zajdno do fondova EU” F 1 rorenom

1INVESTICISKI FONDOVI



Fuzzy logic inference: example
of a (mamdani: min ) controller

Terminal

student@student ~/Desktop/FuzzylLogic/FuzzyFonction $ ./function Controller2.fuz

"surface" ——

surface

» N
>
S — \S) w N [

Opska unga
EU



Fuzzy logic inference:
very important remarks (1)

Implication: |larsen vs mamdani

Example: if Xis Small then Zis SmallZ (Rule 1)
if X is Large then Z is LargeZ (Rule 2)

1 |Small Large| . (X) = 0.75 SmallZ LargeZ |1
0.8 e _ 0.8
06 | HaneeX) =025 \ /106
04l X > Rule 1 true at 75% \ [T\ 54

0 R| Rule 2 true at 25% \ I T \R|O
0 X=0.25 1 -1 0 1
SmallZ Large -3 SmallZ
larsen: & %c\“ mamdani 3
: \)/V min

N P&~

Co O«




Fuzzy logic inference:
very important remarks (2)

Defuzzyfication: | center vs max_average

Example: if X'is Small then Zis SmallZ (Rule 1) Larsen:
if X is Large then Z is LargeZ (Rule 2) Product (e)

SmallZ LargeZ

/o 1 ch
defuzz:=max_average, defuzz:=center;

coooo -
NS OO

] [] = m
=>» only one maxima in O =>» center of gravity =
>0 > 1.25 A
p Qut
| - e M Oig » @




Fuzzy logic inference:
very important remarks (3)

Defuzzyfication: | center & max_average

Example: if X'is Small then Zis SmallZ (Rule 1) Larsen:
if X is Large then Z is LargeZ (Rule 2) Product (e)

For output fuzzy sets (here SmallZ and LargeZ):
Do not use ramps (open fuzzy sets) !

defuzz:=center;
=» For an open surface,

impossible to compute SmallZ LargeZ| 1

the center of gravity 06
defuzz:=max_average; )\ 8‘21
- For an open surface, \ 2T RO

impossible to compute 1 0 1 4 5 6

the average of maxima




Fuzzy logic inference:
very important remarks (4.1)

Merging rules results: |max vs sum

Example: if X'is Small then Zis SmallZ (Rule 1) Larsen:
if X is Large then Z is LargeZ (Rule 2) Product (e)

» In a fuzzy controller, all the rules are evaluated (no priority)
» For a specific output variable (here Z), their results are merged
» Usually the results are merge with a t-conorm (max or sum)

» t-conorms properties: associativity + commutativity
= rules evaluation order not important !




Fuzzy logic inference:

very important remarks (4.2)

Merging rules results:

Example:

if X is Small then Z is SmallZ

Max vs sum

(Rule 1)

if X is Large then Z is LargeZ (Rule 2)

Z1: result Rule 1

R

also:=max;

with max:
max(a,b)

-1

\
\
/\ AR

\
\
0 1

Z2: result Ru_le 2

AR

4 56

Z: 71 also Z2 (W)

-1

0 1 4 56

Cuw

R

L3
]

s | yuosx

F 1 rorenom

1

0.8

0.6

04

0.2

0

1

0.8

o Here,

04 | same

0 results
but..

coocoo =
NS OO

Z1: result Rule 1

R

-1 0 1

\
i)
/\ ZINR

Z2: result Ru_le 2

AN

4 56

Z: 71 also Z2 (V)

-1

0 1 45 6

Larsen:
Product (e)

also:=sum;
with sum:

a®b=
min(1,a+b)

38




Fuzzy logic inference:
very important remarks (4.3)

Merging rules results: max vs sum | With sum:
If 2 rules give the same result
=» amplified controller response

Z1: result Rule 1 1 Z1: result Rule 1
0.6
04
0.2
R| O R
-1 0 1 -1 0 1
Z2:result Rule 2 |1 Z2: result Rule 2
281 In some
04
also:=max; 02 cases, AR
R
— B0 | could be -
with max: 7 71 als0 22 (U) | 1 different! 771 also 72 (W)
max(a,b) 0.8
0.6 ™
\ 0.4 |
\ 0.2
4 R| O ] R
-1 01 4 56 1 0 1 4 5 6




Fuzzy logic inference:
very important remarks (5.1)

Till now: if Xis Small then Zis SmallZ (Rule 1)
if X is Large then Z is LargeZ (Rule 2)

Hi Vincent, your rules seem very simple...
Could | express more complex rules such as

-if Xis Small and Y is Small then Z is SmallZ ?
-if Xis Small or Y is Smallthen Zis SmallZ ?




Fuzzy logic inference:
very important remarks (5.2)

How to evaluate : if X is Small and Y is Small then Z is SmallZ ?

Let us consider the case with X=0.25 and Y=0.75

1 |Small Large| . (X) = 0.75 SmallZ LargeZ |1
0.8 e T — 0.8
U aree(X) = 0.25
0.6 Large \ / 1\ 0.6
04 | X | \ [T\ 104
0.2 — uSmall(Y) = 025 \ I \ 0.2
0 |\ Rl fparge(Y) = 0.75 \ [ | \R|O
0 X Y 1 -1 0 1 4 5 6
0.25 0.75
=» Rule « if X is Small and Y is Small then Z is SmallZ » true at ?? %
Page 16, we saw that and is an intersection expressed by a t-norm = A
If we consider the t-norm * = min 3

_I_S

=» Rule « if X is Small and Y is Small then Z is SmallZ » true at Lﬂ\i N
m|n(|,lsmall(X) uSmall(Y)) m|n(075,025) =0.25 -> 25 %

w
_ 2 41
<
e " EUROPSKI STRUKTURNI [ | pre———
1 INVESTICISKI FONDOVI ? s
POTENO




Fuzzy logic inference:
very important remarks (5.3)

How to evaluate : if X is Small or Y is Small then Z is SmallZ ?

Let us consider the case with X=0.25 and Y=0.75

1 |Small Large| . (X) = 0.75 SmallZ LargeZ |1
0.8 —— _ 0.8
0.6 Hiarge(X) = 0.25 \ I\_]06
04 [ | 1 \ JT\ |04
0.2 — uSmall(Y) = 025 \ I \ 0.2

0 |\ Rl fparge(Y) = 0.75 \ [ | \R|O

0 X Y 1 -1 0 1 4 5 6
0.25 0.75

=» Rule « if Xis Small or Y is Small then Z is SmallZ » true at ?? %

Page 16, we saw that or is an union expressed by a t-conorm +
If we consider the t-conorm += max

=» Rule « if X is Small or Y is Small then Z is SmallZ » true at
maX(uSmaH(X), p—Small(Y)) = maX(O75,025) =0.75=2>75%

2

>

i
IDILSEEs

@

i

=

o

3

g

z
s
N
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Fuzzy logic inference:
very important remarks (6)

Till now: if Xis Small then Zis SmallZ (Rule 1)
if X is Large then Z is LargeZ (Rule 2)

Could we use not, very, few ?

Could we use rules such as:
- if X'is not Small and Y is very Small then Zis SmallZ ?
-if Xis few Small or Yis Smallthen Zis SmallZ ?

Yes !l

= not (see page 18)
= very (see page 21)
= few (see page 22)

It is also possible to combine conclusions with and...

w OO
ny
e M europsKki STRUKTURNI =
Europska unja 1 INVESTICISKI FONDOVI S | yuosk
Zajdno do fondova EU” F | rotenom




Fuzzy logic inference:
very important remarks (7)

For a specific output variable V,

if no rule is active (i.e all the activation degrees are near 0)
=>» The final output set if « flat » near O

: Set1 Set2 |1
=>» Impossible to defuzz ! . S0 8
= By default, the controller will respond 0 \\ / \\ 06
\ /[ 1\ |02
Rule 1: if cond_1 then V is Set1 \ [ | \R|O
. . -1 0 1 4 5 6
Rule 2: if cond_2 then V is Set2
V1: result of Rule 1 V2: result of Rule 2 V1 v V2 :final result
Set1 1 Set2
0.8
0.6 1\
0.4 A
0.2 F
R| O [ IR
-1 0 1 4 5 6




université

opy Controller1.fuz to Surface1.fuz

: odify Surface1.fuz to obtain that surface

. Try now defuzz:=max_average; <
eturn to defuzz:=center; e

o2t
<Ll
RERE!
s

"surface" ——

20
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i3

de bretagne

Exercices: Surface2.fuz

occidentale

. Copy Surface1.fuz to Surface2.fuz

2. Modify Surface2.fuz to obtain that surface
(here, change SmallZ only)

3. Change now LargeZ in the same proportion

Normally,

"surface" —+—

—
X
- Cue
- EUROPSKI STRUKTURNI €
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O3
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Exercices: Surface3.fuz

1. Copy Surface1.fuz to Surface3.fuz
2. Modify Surface3.fuz to obtain that surface

"surface" ——

Europska unga HINVESTICHSKI FONDOVI
Zajodno do fondova EU”
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Exercices: a fuzzy Robot

Terminal

student@student ~/Desktop/FuzzylLogic/FuzzyRobot $ ./robot map0.des direction.fuz

‘h’ for help

Help when mouse pointer inside
this green/black/blue window : The smallest distance
between goal and robot: 100

. start robot

: new goal

: view detection

I' :informations (distances,...)

: fuzzy controller informations
: autoscale

. pause

'h" :help

. quit

HINVESTICHSKI FONDOVI
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Exercices: a fuzzy Robot
various informations

Informations about the robot: Output variables Window
- The robot is oriented (i.e. actuators):
- The maximum angular speed Slin: linear speed

is 1000.s™" Sang: angular speed

Acceleration: 70°.s2

- The maximum linear speed is
is 150 cm s,
Acceleration: 70cm.s>?

- The robot receives commands
10 times per second

Input variables (i.e. sensors):

DistGoal: distance to the goal §
DirecGoal: orientation to the goal %
ObstFront: distance to a front obstacle C‘)Q

ObstBack: distance to a back obstacle
ObstRight: distance to a right obstacle
ObstLeft: distance to a left obstacle
InSlin: current linear speed

InSang; current angular speed



Exercices: a fuzzy Robot
manage rotation: direction.fuz

configuration /I A larsen controller i .
{ For DirecGoal an Input variable (sensor)

and := min; Z min, product 1 [onRight inFront onLeft

or := max; max, sum

’ ’ 0.8

defuzz := center; Il center, max_average 0.6 \\ 7 "\ 7/

implication := larsen; /[ larsen, mamdani 0.4 X X

also := max; /[ max, sum

0.2 /\_ / \

} 0 / Angle (°)
:(_inguistic 90 0 9%

// Linguistic Values for DirecGoal (Input variable) For Sang an Output variable (actuator)

QHFRigf;t 1=tr?mp|e?%%8(()-%060é%);o) 1 [onRight straightOn turnLeft
inFront := triangle(-90.0,0.0,90.0);
onLeft := rampe_haut(0.0,90.0); g'g /A\ //\\ /A\
// Linguistic Values for Sang (Output variable) 0' 4 / X X \
turnRight := triangle(-200.0,-100.0,0.0); 0'2 7 7\ 7\ \
straightOn := triangle(-100.0,0,100.0); '0 \\ Angulglr_1
turnLeft := triangle(0.0,100.0,200.0); / / Speed (*.s7)
} -200 -100 0 100 200
Rules
{ The robot must now go to the goal !
// Orientation to the goal only . .
if DirecGoal is inFront then Sang is straightOn; -> Manage Lmear Speed S“n
if DirecGoal is onLeft then Sang is turnLeft; —
Bl if DirecGoal is onRight then Sang is turnRight; EA ' f"‘”‘ g'r" 50
cucpaaini |} i e i B FAESTIORE Poneow I~



