CHUONG 1. HE MO
KIEN TRUC CUA HE MO TONG QUAT
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Thanh phén trung tdm cta hé mo 14 co s6 luat mo (fuzzy rule base). Co so ludt mo
bao goém céc luat md if-then biéu dién tri thirc caa chuyén gia trong linh vuc nao do.
Trong trudng hop mot hé didu khién md cu thé thi co s¢ luat mo chinh 14 tri thirc va
kinh nghiém ctia cac chuyén gia trong viéc diéu khién khi chwa ap dung hé mo.

Thanh phan quan trong ké tiép 1a bo suy dién mo (fuzzy inference engine). Nhiém
vu cua by phan nay 1a két hop céc luat trong co séludt mo,ap dung vao tdp mo dau
vao theo cac phuong phap suy dién mo dé xac dinh tip mo dau ra.

Dit liéu dau vao ctia hé diéu khién md 1a céc tin hiéu do cac bo phan cam bién méi
trudng cung cap sau khi da sb hoa nén co tinh chét rd (khai niém 16 & day c6 nghia 1a
cac tin hiéu d6 khong phai la cac tap mo, chir khong c6 nghia 1a céc tin hi¢u khong co
nhidu). Vi vy cin phai c6 bd md hoa (fuzzier) dé chuyén cac dit lidu sb dau vao
thanh cac tdp mo dé bo suy dién mo c6 thé thao tac duoc.

Dit liu dau ra ctua bd suy dlen mo ¢ dang cac tdp mo s€ dugc bd giai mo
(defuzzier) chuyen thanh tin hiéu s6 trudc khi truyén dén cac co quan chap hanh nhu
tay may, cong tic, van diéu khién,. ..

Do céc dir liéu dau vao va dau ra dugc s6 hod nén ta chi can xem xét cac hé mo
lam viéc v6i cac bién sd. Truong hop tong quét, hé mo nhan mot vector n chidu ¢ dau
vao va cho ra mot vector m chiéu & dau ra. Hé mo nhu thé duoc goi 1a hé¢ mo nhiéu
dau vao — nhiéu dau ra (MIMO). Néu m bang 1, ta c6 hé hé mo nhiéu dau vao — mot
dau ra (MISO). Mot hé mo nhiéu dau vao — nhiéu dau ra c6 thé phan tich thanh nhiéu
hé nhiéu ddu vao — mot ddu ra. Do d6 ta chi can tim hiéu k§ vé hé md nhiéu dau vao —
mot dau ra v6i cac bién sd. Khi chi n6i v& hé mo nhiu - mot thi ta s& ngr:im hiéu la
mot hé m& nhiéu dau vao — mot dau ra véi cac bién sd

n

Ky hiéu U =] JU, =R"V =R, trong d6 U, 1a mién xé4c dinh cuia cac bien vao
i=1

1, 1=1..n va V 1a mién gia tri cia bién ra y, ta c6 m6 hinh hé mo nhiéu dau vao — mot
dau ra nhu hinh vé
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Céac muc ké tiép s& mo ta k§ hon vé cac bd phan chirc ning cia hé mo.

CO SO LUAT MO
Co sé luat mo cua hé md n dau vao — mot dau ra gém m luat if-then mo ¢6 dang:
If “x11a Ak1” va “x2 la Ak2” va ... va “xn la Akn” then “y la Bk” , k=1..m (1)

Trong d6 k 1a chi s6 cua luat (luat thir k trong tap ludt), xi 1a cac bién dau vao, Aki
la cac tap mo trén Ui (i=1..n), y 1a bién dau ra va Bk 1a tap mo trén V (k=1..m)

Cac luat mo dang (1) dugc goi la cac luat if-then mo chuén tic. Céc luat mo khong
chuan tac c6 thé bién doéi dé dua vé dang chuan tac tuong duong.

C6 nhiéu phuong phap dé xac dinh cac luat mo dé dwa vao co so luat mo. Céc
phuong phap thong dung 1a nho cac chuyén gia trong linh vuc 4p dung, hodc tir quan
sat, thuc nghiém théng ké dé c6 dugce céac tap dir liéu mau dau vao vara tuong ung, tur
d6 dung cac ky thuat khai mo dir liéu dé rat ra cac luat.

BOQ SUY DIEN MO

Chung ta s& nghién ctru phuong phap thiét ké bo suy dién trong truong hop co s¢
luat mo gdm m luat if-then mo chuan tic, nhiéu dau vao va mot dau ra (MISO).

Céc luat if-then c6 thé duoc ap dung bing cac cong thire téng quat nhu di trinh bay
trong chuong logic md nhung trong thuc té thi thuong dwoc tinh bang cong thirc
Mamdani max-min hodc max-tich (max-prod) . Chiing ta s& xem xét k¥ kién trac b
suy dién mo str dung phuong phap suy dién max-min. Khi chuyén qua phwong phap
suy dién max-tich thi chi cin thay min bang phép nhan trong cac cong thc.

Cho A, A’, B lan luot 12 cac tAp mo trén vii try X, X, Y. Luat if A then B duoc thé
hién nhu mdt quan hé¢ mo R=A xB trén X xY. Khi d6 tdp mo B’ suy ra tir A’ dugc xac
dinh boi:

pg (y) =max{min [z, (X), p (XY} (%)

Truomg hop mot dau vao va mot luat
Taco ug (Y) = max {min [, (X), g (X¥)1}
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Mmax {min [, (%), 24 (X), 115 (V)13

min {max (Min [z, (), 24, 25 (V)3
=min{max “ux-a ), 1 ()}
=min { hA'mA! Hs (y)}

Trong d6 h ,, ., 1a do cao cua tap mo A’ A

Yy

"///7_
s
Truomg hop hai dau vao va mot luat

Pay 1la trudng hop luidt duogc phat biéu “Néu x 14 A va y 1a B thi z
1a C”.
Luat: Néu x la A va y 1a B thi z la C

Su kién: x la A’ va y la B’

Luat m& véi diéu kién c6 2 ménl} dé nhu trén c6 thé biéu dién ¢ dang AxB => C.
Suy ludn tuong tu trudng hop mot dau vao va mot ludt ta co:
te @) =min{h e nes 4 (2}
MaA’xB’ n AXB=(A"n A)X(B” N B)nénh , 5 ag=Min {hA,ﬁA, hB,mB}

Vay ll’lc'(z) = min { hA'ﬁA’ hB'ﬁB ' ll’lC (Z)}
Suy réng ra cho trudng hop nhiéu diu vao Ai, i=1..n va mét luat

Luat: Néu x1 la Al va x2 la A2 va... va xn la An thi z Ia C
Su kién: x1 1la Al’ va x2 la A2’ va... va xn la An’

1@ = min { (min h,, ), e @}

Minh hoa:

v
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Truong hop nhiéu dau vao va nhiéu luat

Trong truong hop nhidu dau vao va nhiéu luat, ta tinh két qua dau ra cho ting luat
sau do két qua cua h¢ s€ 1a cac phép giao hodc hop cac két qua riéng do tuy theo ban
chat cia hé¢ 1a hdi hay tuyén céc luat.

Néu trong mot luat cé dang “Néuxla A hodc y 1a B thi z lé C” ta tach thanh 2 luét
riéng biét “Neéu x 1a A thi z 1a C” va “Neu y 1a B thi z 1a C” dé tinh.

BO MO HOA
Mo hoa 13 qua trinh bién d6i mét vector x=(x1,x2,...,xn) € Uc R"thanh mot tap

mo A’ trén U. A’ s& 1a dau vao cho bo suy dién md. Mo hoa phai thoa cac tiéu chuan
sau:

=  Diém dir lidu x phai co d6 thude cao vao A’

= Vector x thu nhan tir mdi truong ngoai c6 thé sai 1éch do nhidu nén A’ phai

phan anh dugc tinh gan dung cta dir lidu thuc
» Hiéu qua tinh toan: don gian cho cic tinh toan trong bo suy dién.

Sau ddy 1a mot s6 phuong phap md hoa thong dung

Mo hoa don tri

M&bi diém dir liéu x duoc xem nhu mot tap mo don tri tic 1a tap mo A c6 ham
thudc xac dinh nhu sau:

pp (U)= {

1 if u=x
0 if u=x

Mo hoa Gaus
M3di gia tri xi duoc biéu dién thanh mot s6 mo A’i. Tap A’ 1a tich dé-cac cua cac

| &l

Hp, (u)= e_

Mo hoa tam giac
MBJi gia tri xi dugc biéu dién thanh mot sé md A’i. Tap A’ 1a tich dé-cac cua céac
Al
u—x| .
_ 1——| =% if Ju —x|<b
/uA'i (ul) - bi
0 if |Ju,—x[>b
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BO GIAI MO
Giai mo (hay con goi 1a khir mo) 13 qua trinh x4c dinh mot diém y tir mot tip mo
trén B’ trén V. (B’ 1a dau ra cta bo suy dién mo ). Giai md phai thoa cac tiéu chuan
sau.
* Piém y la dai di¢n tdt nhat cho B’. Truc quan y la diém c6 do thudc cao
nhit vao B’ va & trung tim tap gia d& cua B’.
= Hiéu qua tinh toan nhanh
= Tinh lién tuc. Khi B’ thay dbi it thi y cling thay doi it
Sau dady la mét so6 phuong phdp gidi md thdéng dung

Phuong phéap ldy max
Phuong phéap nay chon y 1a diém c6 d6 thudc cao nhat vao B’

Xac dinh tap rd H={y eV | ug(y)= Supus-(V)}
veV
Sau do6 c6 thé chon y trong H nhu sau:
= ybatky ) ,
* yladiém cyc bién (I6n nhat hodc nho nhat)
= ylatrung diém cua H

Phuong phép lay trong tam
Phuong phap nay chon y 1a diém trong tim cua tap B’
Iv,uB (V)dv

j e (V)dV

Phuong phéap lay trung binh tam
Vi B’ thuong 1a hop hodc giao cua m tdp mo thanh phan do Vay ta c6 thé tinh gan
dung gié tri y 1a binh quan c6 trong sd cta tim m tdp mo thanh phan. Gia st X; vah,

1a tAm va do cao cua tap mo thanh phan B’ . ta co:

m

y: i=1

i

Phuong phép nay dugc tmg dung nhiéu nhat vi két qua dau ra y co xét dén anh
huong cua tat ca cac luat twong tuy nhu phuong phéap trong tam nhung do phtc tap tinh
toan it hon.

HE MO LA MOT HE XAP XI VAN NANG

Céc hé mo da dugc tng dung thanh cong trong rat nhiéu linh vuc, dic biét la trong
diéu khién céc qua trinh cong nghiép va trong hé chuyén gia. Mot cau hoi dat ra 13 tai
sao h¢ mo lai ¢6 pham vi img dung rong 16n va hiu qua nhu thé? Mot cach tryc quan
chung ta c6 thé giai thich rang d6 1a vi cic hé mo c6 thé sir dung tri thirc cla céc
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chuyén gia dugc phat biéu trong ngoén nglr ty nhién nén cé ban chat mo. Ly do nita 1a
vi céc s0 liéu thu nhan dugc tir mai truong 1a xap xi, khong chinh xéc nén cling c6 ban
chat mo.

Vé mat 1y thuyét, dinh 1y quan trong sau day da duoc ching minh, d6 1 nén tang
viing chac cho h¢ m¢ nhiéu dau vao — mét dau ra (MISO). Ma hé mo nhi€u dau vao —
mot dau ra c6 thé coi nhu don vi cau thanh ciia hé mo nhiéu dau vao — nhiéu dau ra
(MIMO).

Mot hé mo nhiéu dau vao — mot dau ra xac dinh mot ham thue n bién y = F(x), ung
voi mdi vector dau vao X = (X, X,,..., X, )€ R" véi gia tri dduray e R. Ta goi 1a F 1a
s6 ham dic trung ciia hé mo nay.

Dinh Iy: Gia sit U la tap compact trongR", V < R, fla ham f: U -> V. Néu f lién
tuc thi ton tai mot hé mo sao cho ham F dic trung cia nd Xép xi f voi do chinh xac tuy
y cho trude. Tuc la

sup|F (x) - f(x)|< &

xeU
Chtmg minh dinh 1y trén c¢é thé tham khdo trong cac sach sau:

= Lee C. S. G. and Lin C. T., Neural Fuzzy Systems, A neuro — Fuzzy Synergism to Intelligent
System, Prentice — Hall, 1996

= Wang L. X. A course in Fuzzy Systems and Control, Prentice — Hall, 1997

CHUONG IL. PHUONG PHAP THIET KE HE PIEU
KHIEN MO TU TAP DU LIEU VAO VA RA

PAT VAN PE

Mot hé thong diéu kién mod c6 muc dich mo phong suy nghi cua con ngudi khi didu
khién mot d6i twong nao d6. Nhin chung, hiéu biét ctua con ngudi gdbm 2 loai: hiéu
biét & (conscious knowledge) va hiéu biét chua rd (subconscious knowledge). Hiéu
biét 1 1a hiéu biét c6 thé dién dat b?mg ngdn ngir, cong thuc, thuat toan,... Po chinh
1a tri giac. Con hiéu biét chua rd 1a hiéu biét ma con ngudi biét cach ap dung, thuc
hién dung nhung khéng dién dat chinh xac duoc. Chang han kién thire xir Iy bong cua
mot cau thu gioi. Anh ta hau nhu khong thé giai thich dugc 1a voi mot duong bong
kho, 1am thé nao dé dua bong vao ludi mac du do 1a diéu ma anh ta thuc hién thuong
xuyén. Hiéu biét chua rd thuong duge tich liiy tir kinh nghiém va ban chat 1a cam
gidc. Bé dua duoc kién thire hiéu biét chua rd vao hé diéu khién mo thi ta can phai
luong héa cac diéu kién dau vao va dau ra tao thanh cac tap dir liéu vao-ra. Sau do
thiét ké hé thong dua trén co so tap dit liéu d6. Pay ciing 1a mot trong nhitng phuong
phép thu nhan tri thic tu dir lidu tho.

C6 nhiéu phuong phap xac dinh hé didu kién mo tir tap dit liéu vao-ra nhung ching
ta chi tim hi€éu phuong phap lap bang dir liu vao
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THIET KE HE PIEU KIEN MO BANG BANG DU LIEU VAO

Gia str ta ¢ tap cac cap dir liéu vao-ra (xi, yi) i=1..N.
Trong d6 xi € [al, b1] x ... x [ak, bk] = R" vayi e[c1,c2] <R
Céac bude dé xay dung mdt hé diéu kién mo nhu sau:

Bwoc 1: Xac dinh tit ca cdac bién vao va ra

Buwdéce 2: Xac dinh mién gia tri bién vao va ra va cdac ham thugc ciia chuing

Phén chia mién gia tri ciia cac bién sao cho c6 y nghia va phu hop thuc t&. Mdi
mién s& duoc dai dién boi mot tap mo.

Véi mbi tap mo & trén, xac dinh ham thude cua chiing. Cac ham dang tam giac
va hinh thang thuong dugc chon

Bwoc 3: Xac dinh cac luat mo

Xét ting cdp dir li€u vao-ra dé tao ra tung luat riéng biét. Véi mdi cap dir ligu
vao-ra (x,y) ta cho rang c6 mot luat A=>B néu M, (x) 1a gia trj 16n nhét trong
cac gia tri ham thudc cua cac tap md dau vao dbi voi x va M, (y) 1a gié tri 16n
nhét trong cac gia tri ham thudc cta cac tap mo dau ra ddi voi y.

Xéc dinh trong s6 cua tung luat. Néu c6 2 luat mau thuan thi chon luat co
trong sO cao hon

Céc luat da chon duogc dua vao bang luat. Vi du: bang luat cia mdt hé diéu
kién mdy bom nudc

H.Day H.Lung H.Can
N.Cao 0 B.Vua B.Lau
N.Vua 0 B.Vua B.HoiLau
N.It 0 0 0

Buéc 4: Chon phwong phdp suy dién

Pé tinh ham thudc dau ra thi co6 nhidu phuwong phap nhu da trinh bay ¢ chuong
logic mo, nhung vi ly do dé cai dat va toc do tinh toan nhanh nén phuong phap max-
min, max-prod, sum-min, sum-prod thuong dugc chon.

Bwoc 5: Chon phwong phadp giai mo

Phuong phép trong tam hodc trung binh tdm thudng duoc chon vi Iy do dé cai dit

va tdc do tinh toan nhanh.

Buéc 6: Toi wu héa hé ludt va thir nghiém mé hinh

Heé thong duogc cho chay thir va so sanh véi cac két qua co duge boi chuyén gia,
Néu két qua chua phu hop thi can hi¢u chinh cac ham thudc va cac luat cling nhu
phuong phép suy dién va gidi mo
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CHUONG IIL. MINH HOA HE MO: HE PIEU KHIEN
MAY BOM NUOC TU PONG

Dé minh hoa cho Iy thuyét logic mo va hé didu kién mo, ching ta s& cling xem xét
mot h¢ diéu khién mo dé dieu khién may bom nudc ty dong. Pay 1a vi du minh hoa hé
thong mo trong Gido trinh “Cong ngh¢ tri thie va ing dung” cua GS.TSKH Hoang
Kiém.

Van dé: Piéu khién may bom tu dong bom nudc tir giéng vao hd. Thoi gian bom
s& dugc hé théng ty dong tinh toan can cr trén myc nudc cua giéng va hd. Mo hinh
bai toan nhu hinh vé:

Bom
10m

Buiéc 1: Xdc dinh bién ngon ngiv

Véi bién ngdn ngir HO (myc nude hd) co cac tap mo hd diy (H.Piy), ho lung
(H.Lung) va ho can (H.Can)

Vi bién ngdn ngir Giéng (muc nudc giéng) co cac tap md nudc cao (N.Cao), nudc
vira (N.Vira) va nudc it (N.It)

Vi bién ngodn ngir Bom (thoi gian bom) c¢6 cac tip mo bom lau (B.Lau), bom hoi
lau (B.Hoi Lau) va bom vira (B.Vira)

Béng quan hé giita cac bién ngon ngi:

H.Piy | H.Lung H.Can
N.Cao 0 B.Vua B.Lau
N.Vira 0 B.Vira B.HoiLau
N.It 0 0 0

Bwoc 2: Xac dinh ham thudc cua cdc bién ngon ngir
Ham thudc cua HO nudc:
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H.Pay(x) = x/2 0 <=x<=2
H.Lung(x) X O<=x<=1
Lung(x) =
5 2-X 1l<=x<=2

H.Can(x) = 1- x/2 0<=x<=2

Ham thudc chia Giéng:
N.Cao(y) = y/100 <=y <= 10

. y/5 0<=y<=5
N.Vua(y) =
(10-y)/5 5<=y<=10
N.it(y) = 1- y/10 0<=y<=10

Ham thudc cua két ludn (Bom) cho tung luat:
z/15 0<=z<=15
B.Vua(z) =
(30-2)/15 15<=z<=30
B.Lau(z) = z/30 0<=z<=30

B.HoiLau(z) 2120 0<=2<=20
oi1Lau(z) =
1-0.05(z-20) 20<=z<=30

Trong do:
x 12 muc nude hd (m) (0 <= x <=2)
y la muc nuée giéng (m) (0 <=y <= 10)
z 1a thoi gian bom (phut) (0 <=z <= 30)
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A H.bay A H.Lung A H.Can
- 1F-----5 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
2 1 2 2
A N.Cao A N.Vira A N.It
- 1F-----5 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
10 5 10 10
B.HoiLau

v

v

20 30

Bwoc 3: Xac dinh cac luat mo
= Luat 1 (rl): if x is H.Lwng and y is N.Cao then z is B.Vira
= Luat2 (r3): if xis H.Can and y is N.Cao then z is B.Lau
»= Luat 3 (r3): if x is H.Lwng and y is N.Vira then z is B.Vira
= Luat4 (r4): if x is H.Can and y is N.Vira then z is B.HoiLau

Buwéc 4: Chon phwong phdp suy dién mo va gidi mo

Véi mot cap gia tri dau vao (x,y) ta tinh trong s cua ting luat dbi véi (x,y). Trong
sO cuia luat r chinh 13 d6 thudc cua gia tri dau vao (x,y) dbi vOi gia thiét ctia r. Tir 6 ta
tinh duoc gia tri dau ra cho béi r. Gia tri dau ra cia hé 1a tong hop cua dau ra cla tat
ca cac luat trong hé. Do chinh 1a tdp mo dau ra. Giai mo ta c6 gia tri rd dau ra va do 1a
gia tri tin hiéu diéu khién cua hé mo.

Vi du gia tri dau vao la x=1 (muc nude ho) va y=3 (myc nudc giéng)

Tinh cac trong s cua cac luat: ky hiéu wi 13 trong s6 cua luat ri

uH.Lung(x)=1 va uN.Cao(y) =3/10=0.3 =>wl=min(1,0.3)=0.3

uH.Can(x)=0.5 va uN.Cao(y) =3/10=0.3 =>w2 =min(0.5,0.3) =0.3

uH.Lung(x)=1 va uN.Vua(y)=3/5=0.6 =>w3=min(1,0.6) =0.6

uH.Can(x)=0.5 va uN.Vua(y)=3/5=0.6 =>w4=min(0.5,0.6)=0.5

Ham thuoc cua két luan:

1@ = Xwx ph,, @)

=wl1.B.Vira(z) + w2.B.Lau(z) + w3.B.Vura(z)+ w4.B.HoiLau(z)
=(0.3.B.Vura(z) + 0.3.B.Lau(z) + 0.6.B.Vura(z)+ 0.5.B.HoiLau(z)
=0.9.B.Vura(z) + 0.3.B.Lau(z) + 0.5.B.HoiLau(z)

10
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0.9z/15+0.32/30+0.52/20 0<=z<=15

=< 0.9(2-2/15)+0.32/30+0.52/20 15<=2<=20

0.9(2-12/15)+0.32/30+0.5(2—-2/20) 20<=2z<=30
0.095z 0<=z<=15

=¢1.8-0.025z 15<=z<=20

2.8-0.075z 20<=z<=30

Giai mo:
0.0475z° O0<=z<=15
Fu, (z2)=41.82-0.0125z° 15<=2<=20
2.82-0.0375z° 20<=1z<=30

0.095z° O0<=z<=15
z2u1.(2)=41.82-0.0252>° 15<=27<=20
2.82-0.075z° 20<=12<=30

0.095/37° 0<=z<=15
Fzu,(2)=10.92% —0.025/32° 15<=27 <= 20
1.47% -0.025z2° 20<=z<=30

30 15 20 30
[2u.(2)dz = [ 201, (2)dz + [ 241, (2)lz + [ 2, (2)d2
0 0 15 20

=[ 0095/32° | +[ 0.92°-0025/32° |, + [ 1.42° ~0.0252°
=450.833

30 15 20 30

[ 1o(@)dz2= [ 1 (2)dz + [y (2)dz+ [, (2)z

0 0 15 20

=[ 004752°] +[ 182-0.01252* ], +[ 282-0.038752*]

=26.75
Vay deftuzzy(z) = 450.833 / 26.75 = 16.8536

Vay v6i myuc nude trong hd 1a 1m va giéng 1a 3m thi can bom 16.845=16 phut 51
giay

11
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