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ECE/CE 3720: Embedded System Design

Chris J. Myers
Lecture 25: Fuzzy Logic Control

N

Fuzzy Logic Control
= Sampler than MY controllers and can be more robuast.

» Physicol plani has real slale variables,

= 1YAS monitors themn and ereales estimaled slale variobles.
# Preprocessor calculales crisp inpels.

s Puzzificalion converis inlo inpul fuzzy membership sels.
The fuzzy rules cabeulale sulpul fuzzy membership sels
s Defuzzificalion converls Lhem inlo creip cwipuis.

-

= Posiprocessor midifies then indo more convenient lormad.

= Acluaglor system allects physical plant based on outpuats
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Interface of 3 Motor Controlled with Fouzzy Logic
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r'f DAC, ADC Fuzzy Controller -\'
= Two control inpuls:
— 5% . desired molor specd, rpan
— 5 - current cstimatasd molor speed, rpm
= (e conbrol outlpai:
— N - digital valoe thal we write w the DAC
= To use B-bil math, change units Lo 1000,/256 — 3.9 rpan
— T = (256 - 57)/1000 : desired molor speed, 3.9 rpm
— 17 = (256 - 5") F100) - current motor spesd, 3.9 rpm

= Two crisp inpuLs
— K =T"-T": arror in motor speesd, 3.0 rpan

— I} = T'{n) — T"[n — 1) : change in spead, 3.9 rpm
B i
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f* returns N-H +f
mnsigned int N16 ,M16;
iot Hesultls;

Subtraction with Overflow /Underflow Checking

char Subtract(unsigned char N, unsigoned char M){

Ni6=N; f* Promote N N =/
Mi6=H -
Result16=N16—M16; fo —2EEHernlti6+ 265 =/

if(Result16<-128) BesultlEe = -126;
if(Aesnlt16>127) ResnltlEs = 127;
return{Resultl6) ; }

-

Crisp Inputs

unsigned char Ts; [+ Desired Speed #f
wnsigwed char T; f# Corrent Speed #/
unsigned char Told;/+ Previous Speed +f
char D; f* Change in Speed +/
char E; f* Error in Speed =f

void Crisplnput{woid}{
E=Subtract(Ts,T);
D=Subtract(T Told):
Told=T;}

L

f* Set wp Told for mext time #/f
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Fuzzy Membership Sets
Input [y membership sels:
— Slow - True il molor is spanning Loo show
— (K - True il molor is spinning al proper speed
— Fast - Troe il moler is spinning Loo (st

— Up - Troe il moter speed i3 gelling larges
— Constant - Troe il motor spesd B remaining Lhe same
— Ihowen - "Troe il molor spoed s pelling smaller

= Chutput uzy memibership seds:
— 1heerease - True il molor speed should be decreased
— Same - True il molor speed should remain the same
— Inerease - “Trwe i motor speed should be inereased

S

Fuzziflcation
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rf Calculation of the Fuzzy Membership Variables

fdefiope TE 20
mnsigned char Fast, 0K, Slow, Dowm, Comstant, Up;
fdefipe TD 20
mnsigned char Increase,Same Decrease;
Bdefine TH 20
void InputMembership{woid){
Aif(E «= -TE) { /* E <= -TE +f
Fast=2355: OK=0: Slow=0:
} eloe if (E < 0) { /* -TE<E<D =/
Fast={255+ (-E)} )} /TE; OK=2B&6-Fast; Slow=0;
} eloe if (E <« TE} { f* O<E<TE =/
Fast=0: Slow=(2E6+E)/TE;: DK=255-Slow;
} else { f/# 4TE <= E =/
Fast=0; OE=0; Slow=255; }
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Calculation of the Fuxzy Membership Var {cont)

Aif(D <= -TD) { f+ D<=-TD *f
Down=25%; Constant=0; Up=0;
} eloe if (D < 0) { /= -TD<D<D =/
Down={ 256+ (-0} } /TD; Constant=-255-Down; Up=0;
} eloe if (D < TD) { /= O<D<TD =/
Down=0; Up=(286+D}/TD; Constant=255-1p;
} elee { j# +TD «= D *f
Down={; Comstant=0; Up=255;}}
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Furzy Logic Rules

[
I—Z\ Lhavwn Constant L

Sl Tnivease Inecreaise
CHE IRcrease Same Pecrease
Faxl DNieeyease | Decrese
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msigned char min{meigned char ul , mn=igned char w2){
if(ul>n?) returniul};
alsa raturn{ul};}

msigned char mar{mmeigned char ul mn=igned char w2){
if(ul<n?) returniul};
alse returniul);}

void (atputMesbarship(void){
Same—min (0K ,Constant] ;
Dacroasc—min (0K ,Up)
Decroase=—max{Decrease  min(Fast ,Constant) ) ;
Decroase—max{Decreasa min(Fast Up));
Iocroase=min{[K , Doun)
Iocrease=max{Increasa min(Slow, Constant] ) ;

Caleulation of the Output Fuzzy Membership

Increase=maz{Increass min{Slow Dowm} ;)
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