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BULANIK MANTIK ile KONTROL DERS-6 YARDIMCI NOTLARI -2019

BULANIK MANTIK DENETLEYICILER (BMD)

Bir bulanik mantik denetleyici blok semalar ile asagidaki gibi ifade edilebilir. Burada:
* Tref; Onceden belirlenmis olan ortam sicakligi,
* Ts: Sicaklik sensort ile algilanan ortamin gergek sicaklig.

* e:Hata=T,.r — T;
 ce:Hatadaki degisim= de = de(t)/dt = e; — €;_1 = €simaiki~ Conceki

. du:Cikis degiskeni= U(k) — U(k — 1)

e

Tref Bulanik Mantik & Uk
A@J_’ Denetleyici Isitict

ce

G w

Ts

v

Bir sistemin denetlenmesi (kontrol edilmesi) demek, o sistemin ¢iktisinin 6nceden referans
olarak secilen T, r degerine esit olmasini saglamak demektir.

Tre f

Sekil-1: Basit bir kontrol mekanizmasi
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Genel olarak iki tip denetleme mekanizmasindan bahsedilebilir.

1. Acik dongii denetim: Bu denetim tipinde sistemin ¢ikisi 6l¢iilmez. Mesela tost makinelerinde
oldugu gibi sistem basta 150 C° ‘ye ayarlanir ve tekrar kontrol edilmez.

2. Kapali dongii denetim: Bu denetim tipinde sistemin ¢ikisi sensorler ile siirekli olarak 6lctiliir
ve referans deger ile ayni seviyeye getirmeye calisilir. Ornegin otomobillerdeki hiz sabitleme,
ucaklarda otomatik pilot vs.

BMD’ler kapali dongii denetim yaparlar.

Burada dikkat edilirse sistemin sabit olarak iki girisi vardir. Bunlar hata (e) ve hatanin degisimi
(ce) yani de/dt'dir.

Cikis ise du yani cikistaki degisimdir.

Bu parametrelerin evrensel kiimelerini inceleyelim:

e Evrensel kiimesi -1.+1
ce Evrensel kiimesi -1.+1
du Evrensel kiimesi -1.+1

Giris ve ¢ikis degerlerini yukarida belirtilen araliklarda tutabilmek icin é6lcekleme carpanlarina
ihtiya¢c duyulabilir.

Bir BMD'nin kurulmasi:

E(7) Kontrol, . 1)
_ Sistem 2 giris ve 1 cikistan
(mamdani)
olusmustur.
49 rules

OU (7)

Ce (7)

Sekil-2: Kontrol_7_1.fis yapisi
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Zoe - o
5 Girisl: Hata (e) degeridir. 7
“; 04 adet tyelik fonksiyonu
? bulunur.
0.2
0

-1 08 06 04 02 0 02 04 06 08 1
E

08
Y
EO.G r
£ Giris2: Hatanin degisimi (ce)
§ 04 degeridir. 7 adet uyelik
g fonksiyonu bulunur.

0zr

-1 08 06 -04 D2 0 02 04 06 08 1
Ce

08
: 4)
Bosr
£ Cikis: Cikisin degisimi (du)
§ 0.4 degeridir. 7 adet Gyelik
g .
o fonksiyonu bulunur.

02

-1 08 06 -04 -02 0 02 04 06 08 1
Du

Sekil-3,4,5: BMD’nin Giris ve Cikis Yapilari
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Kural Tablosu:

"1.If (E is NB) and (Ce is NB) then (DU is NB) (1)’

N

.If (Eis NB) and (Ce is NO) then (DU is NB) (1) '
'3.If (E is NB) and (Ce is NK) then (DU is NB) (1) '
‘4. 1f (E is NB) and (Ce is S) then (DU is NO) (1) '
'5.If (E is NB) and (Ce is PK) then (DU is NO) (1) '
'6. If (E is NB) and (Ce is PO) then (DU is NK) (1)
'"7.1f (E is NB) and (Ce is PB) then (DU is S) (1) '
'8.If (E is NO) and (Ce is NB) then (DU is NB) (1)
'9.If (E is NO) and (Ce is NO) then (DU is NB) (1) '
'10. If (E is NO) and (Ce is NK) then (DU is NO) (1)’
'"11.If (E is NO) and (Ce is S) then (DU is NO) (1) '
'"12.If (E is NO) and (Ce is PK) then (DU is NK) (1)’
'"13.If (E is NO) and (Ce is PO) then (DU is S) (1) '
'14.If (E is NO) and (Ce is PB) then (DU is PK) (1)’
"15. If (E is NK) and (Ce is NB) then (DU is NO) (1)
"16. If (E is NK) and (Ce is NO) then (DU is NO) (1)’
'"17.1If (E is NK) and (Ce is NK) then (DU is NK) (1)’
'"18.If (E is NK) and (Ce is S) then (DU is NK) (1) '
'"19.If (E is NK) and (Ce is PK) then (DU is S) (1)
'20.If (E is NK) and (Ce is PO) then (DU is PK) (1)’
'21.If (E is NK) and (Ce is PB) then (DU is PK) (1)’
'22.1f (Eis S) and (Ce is NB) then (DU is NO) (1) '
'23.1f (Eis S) and (Ce is NO) then (DU is NK) (1) '
'24.1f (E is S) and (Ce is NK) then (DU is NK) (1) '

'25.1f (Eis S) and (Ce is S) then (DU is S) (1) '
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'26.If (E is S) and (Ce is PK) then (DU is PK) (1) '

'27.1f (Eis S) and (Ce is PO) then (DU is PK) (1)
'28.1f (Eis S) and (Ce is PB) then (DU is PO) (1) '
'29. If (E is PK) and (Ce is NB) then (DU is NK) (1)’
'30. If (E is PK) and (Ce is NO) then (DU is NK) (1)’
'31.If (E is PK) and (Ce is NK) then (DU is S) (1) '
'32.If (E is PK) and (Ce is S) then (DU is PK) (1)
'33.If (E is PK) and (Ce is PK) then (DU is PK) (1)
'34.If (E is PK) and (Ce is PO) then (DU is PO) (1)
'35.If (E is PK) and (Ce is PB) then (DU is PO) (1)’
'36.If (E is PO) and (Ce is NB) then (DU is NK) (1)’
'37.1f (E is PO) and (Ce is NO) then (DU is S) (1) '
'38.If (E is PO) and (Ce is NK) then (DU is PO) (1)’
'39.1f (E is PO) and (Ce is S) then (DU is PK) (1) '
'40. If (E is PO) and (Ce is PK) then (DU is PO) (1)’
'41.If (E is PO) and (Ce is PO) then (DU is PO) (1)
'42.If (E is PO) and (Ce is PB) then (DU is PB) (1)’
'43.If (E is PB) and (Ce is NB) then (DU is S) (1)
'44.1f (E is PB) and (Ce is NO) then (DU is PK) (1)’
'45.If (E is PB) and (Ce is NK) then (DU is PO) (1)’
'46. If (E is PB) and (Ce is S) then (DU is PO) (1) '
'47.1f (E is PB) and (Ce is PK) then (DU is PO) (1)’
'48.If (E is PB) and (Ce is PO) then (DU is PB) (1)’

'49. 1f (E is PB) and (Ce is PB) then (DU is PB) (1)’
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e
k NB | NO | NK S PK | PO | PB

NB [ NB | NB [ NO | NO | NK | NK S

NO | NB | NB | NO | NK | NK S PK

NK | NB | NO (| NK | NK S PO | PO

S NO | NO | NK S PK | PK | PO

PK | NO | NK S PK | PK' | PO | PO

PO | NK S PK PK | PO PO | PB

PB S PK PK PO | PO PB PB

Tablo 2: Ayni zamanda 5x5 olan kural tablolar1 da vardir. Bir 6rnegi asagidaki gibidir.

e
ce

NB NK S PK PB

NB NB NB NB NK S

NK NB NK NK S PK

S NB NK S PK PB

PK PK S PK PK PB

PB PB PK PB PB PB

Tablo 3:3x3 olan kural tablolar1 da vardir. Bir 6rnegi asagidaki gibidir.

e

NB S PB
ce

NB NB NB S

PB S PB PB
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Bir BMD Sisteminin Matlab iizerinde uygulamasi:

Bu uygulamada bir referans deger sececegiz (Tref). Bu referans degeri bir motorun
devir/dak cinsinden hizi, bir gii¢ kaynaginin ¢ikis voltaji ya da bir su deposundaki suyun
seviyesi olarak diistinebiliriz. Buna karsilik BMD sistemi, verilen referans degerinin
etrafindan hi¢ ayrilmayan, neredeyse tam ortiisen yeni bir sinyal tiretmelidir (Ts). Sekil-
1'de verilen sinyalleri tekrar hatirlayalim:

Tr ef
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E(i)
Ures Bulanik Mantik du (i)
Denetleyict Sensir R
CE=E(i)— E(i-1)
CE=E(i)-Epnceki Uonceki

clc;clear;close all;

f=readfis('Kontrol 3 1.fis');% 3 kuralli sistem kullaniliyor.

E onceki=0;

U onceki=0.5;

U Ref=4;

for i=1:70
E(1)=U Ref-U onceki;% E hata degerini temsil ediyor.
Ce(i)=E(i)-E onceki; % Ce hatanin degisimini temsil ediyor.

—_

if E(i)<-1

E(i)=-1;
elseéf | )E (i) >1 E(i) ve Ce(i) degerleri evrensel
-, i)=1; kiime haricinde gelirse programin

hata vermemesi icin tedbir alindi.

if Ce(i)<-1

Ce(i1)=-1;
elseif Ce(i)>1
Ce(i)=1;

end
du(i)=evalfis([E(i) Ce(i)]1,£f);
U(i)=U_onceki+du(i)*0.75; %0.75 olcekleme carpani
plot (U, 'r");
hold on;
plot (U Ref*ones(size(U)), 'b"); %Ref degerinin grafikte gorinmesi
ylim([-0.05 5.05]);
drawnow;
fprintf ('i=%d Ref=%.2f YeniDeger=%.2f E=%.2f
Ce=%.2f\n",1i,U Ref,U(1),E(i),Ce (1))’
E onceki=E(i);
U onceki=U(1);
pause (0.2);
end
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Bu program ¢alistirildiginda asagidaki grafik olusacaktir. Grafikte Mavi cizgi 4V olarak
secilen referans deger (Uref), kirmizi egri ise refernas deger ile 6rtiismeye calisacak olan
kontrol sinyalidir (U). Gortldiigi tizere 30. Cevrimde referans sinyal yakalanmistir.

10

15

20

25

30

30 cevrim boyunca olusan Referans ve Kontrol sinyalleri ile Hata ve Hatanin degisimi

degerleri asagida verilmistir.

i=1 Ref=4.00 YeniDeger=0.72385 E=1.00000 Ce=1.00000

i=2 Ref=4.00 YeniDeger=0.94770 E=1.00000 Ce=1.00000

i=3 Ref=4.00 YeniDeger=1.17155 E=1.00000 Ce=1.00000

i=4 Ref=4.00 YeniDeger=1.39540 E=1.00000 Ce=1.00000

i=5 Ref=4.00 YeniDeger=1.61924 E=1.00000 Ce=1.00000

i=6 Ref=4.00 YeniDeger=1.84309 E=1.00000 Ce=1.00000

i=7 Ref=4.00 YeniDeger=2.06694 E=1.00000 Ce=1.00000

i=8 Ref=4.00 YeniDeger=2.28963 E=1.00000 Ce=0.93306

i=9 Ref=4.00 YeniDeger=2.51288 E=1.00000 Ce=0.71037

i=10 Ref=4.00 YeniDeger=2.68911 E=1.00000 Ce=0.48712

i=11 Ref=4.00 YeniDeger=2.85574 E=1.00000 Ce=0.31089

i=12 Ref=4.00 YeniDeger=3.02235 E=1.00000 Ce=0.14426
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i=13 Ref=4.00 YeniDeger=3.18131 E=0.97765 Ce=-0.02235
i=14 Ref=4.00 YeniDeger=3.30479 E=0.81869 Ce=-0.15895
i=15 Ref=4.00 YeniDeger=3.42104 E=0.69521 Ce=-0.12348
i=16 Ref=4.00 YeniDeger=3.51005 E=0.57896 Ce=-0.11625
i=17 Ref=4.00 YeniDeger=3.59330 E=0.48995 Ce=-0.08901
i=18 Ref=4.00 YeniDeger=3.67439 E=0.40670 Ce=-0.08325
i=19 Ref=4.00 YeniDeger=3.73057 E=0.32561 Ce=-0.08108
i=20 Ref=4.00 YeniDeger=3.77136 E=0.26943 Ce=-0.05619
i=21 Ref=4.00 YeniDeger=3.80984 E=0.22864 Ce=-0.04078
i=22 Ref=4.00 YeniDeger=3.84212 E=0.19016 Ce=-0.03849
i=23 Ref=4.00 YeniDeger=3.87046 E=0.15788 Ce=-0.03227
i=24 Ref=4.00 YeniDeger=3.89461 E=0.12954 Ce=-0.02835
i=25 Ref=4.00 YeniDeger=3.91519 E=0.10539 Ce=-0.02415
i=26 Ref=4.00 YeniDeger=3.93243 E=0.08481 Ce=-0.02058
i=27 Ref=4.00 YeniDeger=3.94672 E=0.06757 Ce=-0.01724
i=28 Ref=4.00 YeniDeger=3.95832 E=0.05328 Ce=-0.01429
i=29 Ref=4.00 YeniDeger=3.96767 E=0.04168 Ce=-0.01159
i=30 Ref=4.00 YeniDeger=3.97504 E=0.03233 Ce=-0.00935

Burada sonugclarin alinmasinda 6lcekleme ¢carpaninin énemi biiyiiktiir. Olgekleme
carpani kullanilmadigi takdirde kontrol sinyalinin referans sinyal etrafinda harmonikler
olusturmasi olasilig1 dogmaktadir. Bu durum Sekil-7’de gosterilmistir.
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Sekil-7: Olcekleme carpaninin kullanilmadiginda olusan harmonikler

Yukaridaki 6rnekte oldugu gibi ideal sartlarda kararh ve hizl ¢alisan sistem gercek
zamanli sistemlere uygulandiginda; kullanilan elektronik ve mekanik bilesenler
nedeniyle bozulmalara ugrayabilir. Asagida boyle bir sistem modellenmeye ¢alisiimigstir.



