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MO PAU

Ngay nay, clng véi sy phat trién cia cac nganh ki thuat, cong nghé
thong tin gép phan cho su phét trién cua ki thuat diéu khién va tu dong hoa.
Trong cong nghiép, diéu khién qua trinh san xuéat dang 13 miii nhon va then
chét dé giai quyét van dé ning cao ning suat va chit luong san pham. Mot
trong nhirng van dé quan trong trong diéu khién 1a viéc tu dong diéu chinh do
o6n dinh va sai s6 1a it nhat trong khoang thoi gian diéu khién 1a ngan nhat,
trong d6 phai ké dén cac hé théng dicu khién mo dang duoc st dung rat rong
rai hién nay.

Trong qua trinh diéu khién trén thyc té, nguoi ta lubn mong muon co
mot thuat toan diéu khién don gian, dé thé hién vé mat cong nghé va co do
chinh xac cang cao cang tét. Pay 1a nhirng yéu cau kho thuc hién khi thdng
tin ¢6 dugc Vé tinh diéu khién duoc va vé md hinh dong hoc cua dbi tuong
diéu khién chi duoc biét mo hd duéi dang tri thic chuyén gia theo kiéu céac
luat IF — THEN. Bé dam bao do chinh xéac cao trong qua trinh xt Iy théng tin
va diéu khién cho hé théng lam viéc trong méi truong phac tap. Hién nay mot
s6 ky thuat méi duoc phat hién va phat trién manh mé di dem lai nhiéu thanh
tuu bat ngo trong linh vuc xir 1y thong tin va diéu khién. Trong nhimg nam
gan day, nhiéu céng nghé thong minh duoc stir dung va phat trién manh trong
diéu khién cong nghiép nhu cong nghé noron, cong nghé ma, céng nghé tri
thic, giai thuat di truyén, ... Nhiing cong nghé nay phai giai quyét véi mot
muc do ndo d6 nhiing van dé& con dé ngo trong diéu khién théng minh hién

nay, d6 1a huéng xt ly téi vu tri thire chuyén gia.

Ly thuyét dai sb gia tir dugc hinh thanh tir nhitng nam 1990. Ngay nay
ly thuyét nay dang duoc phét trién va mot trong nhitng muc tiéu cua né 1a giai
quyét bai toan suy luan xap xi. C6 thé tim hiéu ki cac van dé nay trong cac

cong trinh nghién ctu gan day.



Trong l6gic mo va ly thuyét mo, nhiéu khai niém quan trong nhu tap
mo, T-chuan, S-chuan, phép giao mo, phép hop mo, phép pha dinh mo, phép
kéo theo mo, phép hop thanh, ... dugc sir dung trong bai toan suy luan xap xi.
Pay 1a mot diém manh c6 loi cho qué trinh suy luan mém déo nhung ciing 1a
mot diém yéu bai ¢ qua nhiéu yéu té anh huong dén tinh chinh xac cua qua
trinh suy luan. Trong khi d6 suy ludn xap xi dua trén dai sb gia tir ngay tir dau
khong st dung khai niém tap mo, do vay d6 chinh xac cua suy luan xap xi
khong bi anh hudng boi cac khai niém nay.

Mot van dé dat ra 12 liéu c6 thé dua 1y thuyét dai s gia tir véi tinh uu
viét vé suy luan xap xi so vai cac ly thuyét khac vao bai toan diéu khién va

lidu s& c6 dugc sy thanh cong nhu céc 1y thuyét khac da c6 hay khong?

Luan vin nay cho thay rang co thé sir dung cong cu dai s6 gia tir cho
nhiéu linh vuc cong nghé khac nhau va mét trong nhitng sé d6 1a cong nghé
diéu khién trén co so tri thirc chuyén gia.

Phan noi dung caa ban luan van gdm 3 chuong:

Chuong 1: LY THUYET MO VA BIEU KHIEN MO.

Chuong 2: PAI SO GIA TU, PIEU KHIEN DUA TREN PAI SO GIA
TU VOI PHEP NGU NGHIA HOA VA GIAI NGHIA MO RONG

Chuong 3: PHEP NGU NGHIA HOA VA GIAI NGHIA MO RONG
UNG DUNG TRONG XAP XI HAM VA PIEU KHIEN

Do trinh d6 va thoi gian han ché, toi rat mong nhan duoc nhiing y kién
gop Yy cua céc thay gido, cd gi4o va cac y kién dong gop cua ddng nghiép.

bic biét, t6i xin chan thanh cam on sy huéng dan tan tinh cua thay gido
huéng dan TS. Vi Nhw Léan va su gitp d& cua cac thay cd gido trong Vién Cong
nghé thong tin, cac thay c6 gido truong Pai hoc Cong nghé thdng tin & Truyén
théng Thai Nguyén va cac anh chi 16p CK13B cuing ban be, déng nghiép.



CHUONG 1: LY THUYET MO VA PIEU KHIEN MO

1.1. Cac dinh nghia trén tip mo
1.1.1. Gi6i thi¢u

Trong nhitng ndm gan day, ching ta da chung kién su phét trién nhanh
chong dang ngac nhién vé sé luong va su phong pht cac wng dung cua logic
mo. Céc tng dung ndy tir cac dd ding gia dung nhu may anh, may quay
phim, may giat, 10 vi song,... dén cac thiét bi cong nghiép, thiét bi y té. Bé
hiéu duoc tai sao lai ¢6 sy phat trién nhanh chong nhu vay, ta can tim hiéu so

bo dé thay duoc nhitng wu diém caa bo diéu khién nay.

Khéi niém tap hop duoc hinh thanh trén nén tang cua logic va duoc
G.Cantor dinh nghia nhu 1a mot sy sip xép dat chung lai cac vat, cac ddi
twong c6 ciing mot tinh chat nao dé, dwgc goi 1a cac phan tir caa tap hop, y
nghia logic cta khéi niém tap hop dugc xac dinh & chd mot vat hoic mot doi
tuong bat ky chi c6 thé c6 hai kha nang hoic 14 phan tir cua tap dang xét, hoic
1a khong. Nhu vay su phu thuéc caa mot phan tir vao mot tap hop theo quan
diém logic kinh dién chi c6 thé c6 hai gia tri: 1 — nghia 13 phan tir thudc tap
hop, hoic 1a 0 — phan tir khdng thudc tap hop. Pay 1a quan diém logic kinh
dién hay con goi la logic rd (Scrip logic). S& di goi 1a logic kinh dién bai vi
n6 da ton tai rat 1au, bat dau tir kh Aristotle — ngudi da dwa ra luat loai trir gia
tri trung gian (luat bai trung) noi rang phan tir x hoac phai la phan tir cua tap
A hoic 1a khéng. Véi mot ddi twong bat ky thi phai 1a xac nhan hoac 1a pha
dinh. Tuy nhién trong thuc té khdng phai moi déi twong déu cd thé danh gia
chinh xac duoc 1a thugc hay khong thugc mot tap hop hoic cé thé danh gia
dugc nhung sy danh gia chinh xac lai it c0 y nghia hon la sy danh gia kha
nang phan tr d6 thudc tap hop 1a bao nhiéu phan hay d6 phu thudc caa phan
tur vao tap hop dang xét la bao nhiéu. Minh churng la nhitng thdng tin ma con

ngudi thu nhan dugc hau hét 1a twong di va uée lwgng. Nhitng hoat dong cua
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con ngudi thuc sy 1a mot bo may diéu khién hoan hao. Nhu vay pham vi hep
cua logic kinh dién khéng thé van dung nhiing suy luan “thong minh” nhu
con ngudi VA0 cac bai todn suy luan néi chung va diéu khién néi rieng. Mudn
xay dung dugc nhitng hé thong cd sy suy luan logic nhu con ngudi, ¢d kha
nang ké thira nhitng kinh nghiém ctia con ngudi thi phai c6 mot co so logic
khac gan giii v6i suy luan cia con ngudi. Logic mo da dap tng duoc yéu cau
d6. Su ra doi caa logic md ¢6 thé coi nhu dugce danh dau bai bao cua Tién sy
Lofti A.Zadeh trén tap chi “Information and Control”, tir 6 dén nay da va
dang c6 su phat trién manh mé véi mot sé thoi diém dang chu ¥ sau:
e Niam 1972, cic gido su Terano va Asai di thiét lap ra co quan
nghién cau hé théng diéu khién mo & Nhat Ban.
e Nim 1974, Mamdani d3 nghién cttu va tng dung diéu khién mo cho
10 hoi.
e Nim 1980, hing Smidth Co di nghién ctru diéu khién mo cho 10
X1 mang.
e Nam 1983, hang Fuji Eletric da nghién ctu itng dung mo cho nha
may Xt 1y nudc.
e Nim 1984, hiép hoi mo qudc té (IFSA) di dugc thanh lap.
e Nim 1989, phong thi nghiém qudc té nghién ctu tng dung ky thuat
md dau tién dugc thanh lap.
Cho dén nay, tuy da c6 nhiéu két qua nghién cau ly thuyét va cac ung
dung logic m& trong cé4c hé thong diéu khién ty dong, nhung vé phuong phap
luan va tinh nhét loat cho @ng dung thuc té caa logic mo van con dang thu hut

nhiéu nguoi nghién ctu, hira hen nhiéu vé su phat trién manh mé cua no.



1.1.2. Pinh nghia tip m&

Ham thuoc pa(x) dinh nghia trén tap A, trong khai niém tap hop kinh
dién chi c6 hai gié tri logic 1a 1 néu xeA hoic 1a 0 néu x¢A. Hinh 1.1: Ham
thudc pa(X) cua tap kinh dién A md ta ham thudc cua ham pa(x), trong d6 tap
A duogc dinh nghia nhu sau:

A ={xeR | 3<x<8}

Nhu vay, trong ly thuyét tap hop kinh dién, ham thudc hoan toan tuong
duong v&i dinh nghia mot tap hop. Tir dinh nghia vé mot tap hop A bat ky ta
c6 thé xac dinh duoc ham thudc pa(x) cho tap do va nguoc lai tir ham thudc

ua(Xx) cua tap hop A cling hoan toan suy ra dugc dinh nghia cho tap A.

HA(X)4

>

A 4

Hinh 1.1: Ham thugc ua(x) cia tdp kinh dién A

Céch biéu dién ham phu thudc nhu vay s& khong ph hop véi nhiing tap

duoc mo ta “md” nhu tdp B gom cac s thuc dwong nhé hon nhiéu so Véi 8.
B={xeR | x<<8} c6 tap nén Ia R.
Hoac tdp C gom céc sé thurc gan bang 3 ciing c¢6 tap nén R.
C={xeR | x~3}

Ly do 12 v6i nhitng dinh nghia “mo” nhu vay chwa da dé xac dinh mot

s6 chang han nhu x=3.8 ¢o thudc B hodc x=2.2 ¢6 thuoc C hay khong.



Néu di khong khang dinh duoc x=3.8 ¢4 thuéc B hay khong thi ciing
khong khang dinh duoc 1a sé thuc x=3.8 khong thudc B. Vi vay x=3.8 (nhu
mot ménh &) thuoc B bao nhiéu phan trim? Néu c6 thé tra o1 dugc cau hoi
nay thi c6 nghia 1a ham thudc ps(X) = us(3.8) € [0, 1], tic la:

0 <us(X) =us(3.8) <1

NGi céch khac, ham pg(x) khong con 1a ham hai gié tri nhu dbi véi tap

kinh dién nita ma 1a mot anh xa lién tyc):

us(X)4 te(X)a
J ______ 1 .
o' 2 8 X 0 X
Hinh 1.2: a. Ham thugc caia tgp mo B b. Ham thugc caa tgp mo C

ng: X — [0, 1], trong d6 X 1a tap nén cua tap “mo”.

Nhu vay, khac véi tap kinh dién A, tir “dinh nghia kinh dién” cua tap
“mo” B hoac C khong suy ra dugc ham thuoc pg(x) hoac uc(x) cua chang.
Hon thé nita ham thudc ¢ day lai gitt mot vai tro quan trong 13 “lam rd dinh
nghia” cho mot tap “mo” nhu vi du trong Hinh 1.1: Ham thuéc pA(X) caa tap
kinh dién A. Do d6 no phai duoc néu 1€n nhu 1a mot diéu kién trong dinh
nghia vé tap “mo”.

Dinh nghia (1.1.2.1):Tap mo F xac dinh trén tap kinh dién X 1a mot
tap ma mdi phan tir cua nd 1a mot cap gid tri (X, pe(x)), trong d6 xeX va e 1a
mot anh xa:

e X = [0, 1] (1.12)



Anh xa pr dugc goi 12 ham thugc (hozc ham phuy thudc - membership
function) cua tap mo F. Tap kinh dién X duoc goi 1a tép nén (hay tap vii tru)
cua tap mo F.

Sir dung cac ham thudce dé tinh do phu thudc cia mot phan tir x nao do
cé hai céach:

e Tinh truc tiép (néu pr(x) cho trude dudi dang cdng thic tuong
minh) hoac

e Trabang (néu pr(x) cho dudi dang bang).

C6 nhiéu kiéu ham thudc, cac ham thudc nay déu dugc xay dung dya
trén co s& Mot s6 ham co ban nhu: ham tuyén tinh ting doan, ham phan bd
Gauss, duong cong sigmoid va cac duong cong da thirc bac 2, bac 3, ...

Mot ham thudc ¢ dang tuyén tinh timg doan duoc goi 1a ham thugce co
mic chuyén déi tuyén tinh. D6 1a cac ham thudc don gian nhat, dugc hinh
thanh tir nhimg doan thang. Trong d6 co:

Ham thudc hinh tam giac, tén la trimf. Hinh dang cua ham phu thuoc
vao 3 dinh cua tam giac, nghia 1a phu thudc vao 3 tham sé a, b, va c. Ham nay
c6 dang: y = trimf(x, [a,b,c]).

Ham lién thudc hinh thang, trapmf, giéng nhu hinh tam giac cat cut
phan dinh, ham nay duoc xac dinh bai bo 4 tham so: a, b, ¢ va d. Ham nay c6
dang: y = trapmf(x, [a,b,c,d]).

].,lF(X) A HF(X) A
1 -

Hinh 1.3: a. Ham thugc ur(x) deng tam giac, y=trimf(x, [a, b, c])

b. Ham thugc ur(x) deng hinh thang, y = trapmf(x, [a,b,c,d])



Cac ham thudc pe(x) c6 dang from dugc goi 1a ham thuge kiéu S. Béi
véi ham thudc kiéu S, do cac cong thuc biéu dién pr(x) c6 6 phuc tap 1on
nén thoi gian tinh toan do phu thuéc cho mot phén tu lau. Boi vay trong Ky
thuat diéu khién mo thong thuong cac ham thudc kiéu S hay duoc gan dung

bang mot ham tuyén tinh timg doan.
1.2. Cac phép tinh toan trén tap mo

Nhitng phép toan co ban trén tap mo la phep hep, phép giao va phép
bl. Gidng nhu dinh nghia vé tdp mo, cac phép toan trén tap mo ciing s& duoc
dinh nghia thong qua cac ham thudc, duoc xay dung tuong tu nhu cac ham
thudc cua cac phép giao, hop, bl gitra hai tap kinh dién. N6i cach khac, khéi
niém xay dung nhitng phép toan trén tap mo dugc hiéu 1a viéc xac dinh cac
ham thudc cho phép hop (tuyén) AUB, giao A~B va b (phu dinh) AC ... tir

nhiing tap mo A va B.

Mot nguyén tic co ban trong viéc xay dung cac phép toan trén tap mo
1a khong dwgc mau thuin véi nhitng phép toan da cé trong 1y thuyét tap hop
kinh dién. Mac du khong giong tap hop kinh dién, ham thudc cua céc tap mo
AUB, ANB, AS, ... dugc dinh nghia cung voi tap mo, song sé khdng mau
thuan voi cac phép toan twong tu cua tap hop kinh dién néu nhu ching thoa
man nhitng tinh chat tong quat duoc phat biéu nhu “tién dé&” cua ly thuyét tap
hop kinh dién.

1.2.1. Phép hgp hai tap mo

Do trong dinh nghia vé tap mo, ham thudc giit vai trd nhu mot thanh
phan cau thanh tap mo nén céc tinh chat cua cac tap AUB khdng con 1a hién
nhién nira. Thay vao d6 chiing dwgc st dung nhu nhimg tién dé dé xay dung

phép hop trén tap mo.



Dinh nghia (1.2.1.1): Hop cua hai tip md A va B ¢d ciing tap nén X [a mot
tap md AUB ciing xac dinh trén tap nén X c6 ham thudc paue(x) thoa man:
(1) paus(X) chi phu thugc vao pa(x) va ps(x).
(2) pa(x) =0 Véi moi x =aue(X) = pa(X)
(3) waus(X) = psua(X), tic la phép hop c6 tinh giao hoan.
(4) Phép hop cd tinh chat két hop, tuc 1a paoeyuc(X) = paveuc)(X)
(5) Néu A;cA; thi AjUBcA,UB. That vay, tu xe AjUB ta cd xeA;
hoic xeB nén ciing c6 xeA; hodc xeB hay x;e A;UB. Tir két luan nay ta co:

Ha (X) < 15, (X) = p g (X) < g, g (X)

C6 thé thay dugc sé co nhiéu cong thiee khdc nhau dwoe ding dé tinh
ham thugc paus(X) cho hgp hai tégp meé. Chang han mot sé cong thic sau co
thé duoc sir dung dé dinh nghia ham paus(X) cua phép hop gitta hai tap mo.

(1) paus(X) = max{ua(x), us(x)} luat 1ay max (1.14)
(2) paus(x) = max{pa(x), us(x)} khi min{pa(x), ns(x)} = 0 (1.16)
1 khi min{pa(x), pus(x)} =0 (1.17)

(3) paus(X) = min{l, pa(X) + us(X)}  phép hop Lukasiewicz (1.18)

_ M)+ 4, (%) . o
(4) Has(X)= T+ 10, () + 12, (%) tong Einstein (1.19)
(5) paw(¥)=  pa(X) + pa(X) - pa()ps(x)  tong truc tiép (1.20)

Tong quét: Bat ky mot anh xa dang:

uaus(X): X = [0, 1]

Néu thoa man 5 tiéu chuan da néu ra trong dinh nghia 1.2.1.1 déu duoc
xem nhu 13 hop cua hai tip md A va B ¢6 chung tap nén X. Diéu nay ndi rang
s& ton tai rat nhiéu cach xac dinh hop cua hai tap mo va cho mot bai toan diéu

khién mo cd thé cd nhiéu 11 giai khac nhau khi ta st dung cac phép hop hai
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tap mo khac nhau. Bé tranh nhitng mau thuan xay ra trong két qua, nhat thiét
trong mot bai toan diéu khién ta chi nén théng nhat sa dung mét loai cong
thac cho phép hop.

Cac cong thuc vi du vé phép hop gitra hai tap mo trén (1.14 — 1.20)
cling duoc mé rong dé &p dung cho viéc xac dinh hop caa hai tap mo khdng
cling tap nén bang cach dua ca hai tip md vé chung mot tap nén 1a tich cua
hai tap nén da cho.

Hop hai t@p mo theo lugt max

Hop cua hai tap md A véi ham thudc pa(x) (dinh nghia trén tap nén M)
va B voi ham thudc ps(y) (dinh nghia trén tap nén N) theo luat max 14 mot tap
mo dugc xac dinh trén tap nén MxN véi ham thudc:

raoe(X, y) = max{ua(x, ¥), ue(X, y)} = max{pa(x), us(y)}

Trong do:

Ha(X, Y) = pa(X)  voi moi yeN

ue(X, y) = pe(y)  voi moi xeM

Hop hai tép me theo lugt sum (Lukasiewicz)

Hop cua hai tap md A vai ham thudc pa(x) (dinh nghia trén tap nén M)
va B véi ham thudc pe(y) (dinh nghia trén tap nén N) theo luat sum
(Lukasiewicz) 1a mot tap mo duoce xac dinh trén tap nén MxN véi ham thudc:

Haos(X, Y) = min{1, pa(x, y)+ue(X, y)}

Trong do:

Ha(X, Y) = pa(x)  voi moiyeN

pue(X, y) = ps(y)  voi moi xeM

Mot cach tong quat, do ham pacs(X, Y) cta hai tap mo A, B khong
cung khdng gian nén, chi phu thudc vao gia tri cac ham pa(x)e[0, 1] va
us(y)€[0, 1] nén ta cd thé xem paus(X, y) 12 ham cua hai bién pa, ps duoc

dinh nghia nhu sau:
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MAUB(X’ y) = M(MA’ MB): [O, 1]2_) [01 1]

Cubi cung, ta dinh nghia vé ham thudc p(ua, ps) cia hai tap mo A, B
khong cuing khdng gian nén:

Dinh nghia (1.2.1.2): Ham thudc cua hop gitra hai tap mo A véi pa(x)
dinh nghia trén tap nén M va B véi pgs(y) dinh nghia trén tap nén N 1a mot
ham hai bién p(ua, ps): [0, 11— [0, 1] xac dinh trén nén MxN thoa man:

(Dps=0 = p(pa ps) = pa

(2) n(ua, us) = u(us, pa), tac la cé tinh giao hoan.

(3) p(pa, 1(us, pc)) = p(u(pa, He), He), tic 1a co tinh két hop.

(4) n(ua, us) <u(uc, o), Yua<uc, us<up, tuc la co tinh khdng giam.

Mot ham hai bién p(ua, pe): [0, 1] [0, 1] thoa méan cac diéu kién cua
dinh nghia 1.2.1.2 con dugc goi 12 t-déi chudn (t-conorm).

1.2.2. Phép giao hai tip mo

Nhu da dé cap, phép giao ANB trén tap mo phai duoc dinh nghia sao
cho khéng mau thuan véi phép giao cua tap hop kinh dién va yéu cau nay
s& dugc thoa man néu chung c6 duoc cac tinh chat téng quat caa tap kinh
dién AnB.

Gidng nhu véi phép hop hai tap ma, phép giao hai tap mo trén tap nén
tong quat hod nhirng tinh chat cua tap kinh dién A~B ciing thi duoc thuc hién
mot cach truc tiép néu hai tap mo dé cd cung tap nén. Trong truong hop
ching khéng cting mét tap nén thi phai dua ching vé mot tap nén méi la tap
tich cua hai tap nén da cho.

Dinh nghia (1.2.2.1): Giao cua hai tap md A va B ¢6 cuing tap nén X 1a
mot tap mo ciling dugc xac dinh trén tap nén X véi ham thudc thoa méan:

(1) wa~s(X) chi phu thudc vao pa(x) va ps(x).
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(2) ue(x) =1 voi moi X =aus(X) = pa(X)
(3) wa~s(X) = uena(X), tic la phép hop c6 tinh giao hoan.
(4) Phép hop c6 tinh chit két hop, tic 12 pace)~c(X) = panenc)(X)
(5)  Ha (X) < 11y (X) = pip 5 (X) < i 5 (X), tic 12 ham khdng giam.
Tuong tu nhu voi phép hop gitra hai tap mo, cd nhiéu cong thic khac
nhau dé tinh ham thudc pa~s(X) cia giao hai tap mo va bat ky mot anh xa
ua~s(X): X = [0, 1]
nao thoa man cac tiéu chuan di néu trong dinh nghia trén déu duogc
xem nhu 12 ham thudc caa giao hai tip mo A va B ¢6 cung tap nén X.

Céc cong thirc thuong ding dé tinh ham thudc pa~s(X) cua phép giao gom:

(1) pa~e(x) = min{pa(x), ne(x)} (1.21)
(2) pave(x) = min{pa(x), ue(x)} khi max{pa(x), pe(x)}=1 (1.22)
0 khi max{pa(x), us(X)} = 1 (1.23)

(3) paus(X) =max{0, pa(x) + us(X)} phép giao Lukasiewicz  (1.24)

_ 1, (X) 22, (X) , . .
(4) Hans(X) 1= (12 00 + 2, 090) — 12 00 224 (%) tich Einstein ~ (1.25)
B)  pae(¥) = pa(X)us(x) tich dai s6 (1.26)

Chu y: Luat min (1.21) va tich dai so 1a hai luat xac dinh ham thudc
giao hai tap mo duogc sir dung nhiéu hon ca trong k¥ thuat diéu khién mo.

Viéc ¢6 nhiéu cdng thirc xac dinh ham thudc cua giao hai tap mo dua
dén kha nang mot bai toan diéu khién mo ¢ nhiéu 10i giai khac nhau.

Pé tranh nhitng két qua mau thuan cé thé xay ra, nhat thiét trong mot
bai toan diéu khién mo, ta chi nén thdng nhat st dung mét ham thudc cho

phep giao.
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Céc cbng thuc (1.21) — (1.26) ciing dugc ap dung cho hai tap mo khéng
cung khdng gian nén bang cach dua ca hai tip mo vé chung mot tap nén 1a
tich cua hai tap nén da cho.

Giao hai tgp mo theo lugt min

Giao cua tap md A c6 ham thudc 13 pa(x) dinh nghia trén tap nén M va
tap mo B ¢6 ham thudc 1a ps(x) dinh nghia trén tap nén N 13 mot tap mo duoc
x4c dinh trén tap nén MxN c6 ham thudc:

Hars(X, ¥) = min{pa(X, y), us(X, ¥)} = min{ua(x), pus(y)}

Trong do:
Ha(X, Y) = pa(x)  voi moiyeN

ue(X, y) = ue(y)  voi moi xeM

Giao hai tap me theo ludt tich dai sé
Giao cua tap md A c6 ham thudc 13 pa(x) dinh nghia trén tap nén M va
tap mo B ¢6 ham thudc 1a ps(x) dinh nghia trén tap nén N 13 mot tap mo dugc
xéac dinh trén tap nén MxN c¢6 ham thuoc:
Har(X, ¥) = pa(X, y)us(X, ¥)
Trong do:
na(X, y) = pa(x)  voimoiyeN
ue(X, y) = pa(y)  voi moi xeM
Mot cach tong quét, do ham pa~s(X, Y) caa hai tip mo A, B khong cung
khéng gian nén, chi phu thudc vao gié tri cac ham pa(x)<[0, 1] va ps(y)<[0, 1].
Do d6, khong mét tinh téng quat néu xem pacg(X, y) 12 ham cua hai bién pa
va g dugc dinh nghia nhu sau:

MA“E(Xi y) = H(HA! HB): [01 1]2_) [01 1]
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Cubi cing, ta dinh nghia vé ham thudc u(ua, ps) cta hai tap mo A, B

khong cuing khdng gian nén:

Dinh nghia (1.2.2.2): Ham thuoc cua giao gitra hai tap mo A vai pa(X)

dinh nghia trén tdp nén M va B V&i pe(y) dinh nghia trén tap nén N 1a mot

ham hai bién p(pa, ps): [0, 11— [0, 1] xac dinh trén nén MxN thoa man:

(D) use=1 = p(ua uB) =pa

(2) w(pa, us) = w(us, pa), tuc la co tinh giao hoan.

(3) m(pa, p(pe, pc)) = p(p(pa, pe), pe), tic 12 c6 tinh két hop.

(4) w(pa, us) <u(uc, up), Vualuc, us<up, tac la cé tinh khéng giam.

M6t ham hai bién p(ua, pe): [0, 11— [0, 1] thoa man cac diéu kién cua

trén duoc goi | t-chudn (t-norm).

1.2.3. Phép bu cia mot tap mo

Phép bu (con goi la phép phu dinh) cua moét tap mo duoc suy ra tir cac

tinh chat cua phép bu trong ly thuyét tap hop kinh dién nhu sau:

Dinh nghia (1.2.3.1): Tap bu cta tap mo A dinh nghia trén tap nén X

la mot tap mo AC ciing xac dinh trén tap nén X vai ham thudc thoa man:

1)
(2)
(3)
(4)

H,c (X) chi phy thuoc vao pa(x)
Néu xeA thi xgAC, hay: pa(x) =1 = #,c(X) =0
Néu xgA thi xeAC, hay: pa(X) =0 = #,c(X) =1

Néu AcB thi ACoBC, tuc 1a: £, (X) < 5 (X) = ¢ (X) 2 1 (X)

Do ham thuoc #,c (X) caa A chi phu thudc vao pa(x) nén ta co thé

xem A,c (X) nhu mot ham pae[0, 1]. Tir d6 dinh nghia tong quat vé phép bu

Mo nhu sau:
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Dinh nghia (1.2.3.2): Tap bl cua tdp md A dinh nghia trén tap nén X

la mot tap mo AC ciing xac dinh trén tap nén X véi ham thudc:
u(ua): [0, 1] > [0, 1]
thoa mén:
(1) wn@)=0vap0)=1
(2  paus=u(ua) >p(us), tic la ham khong tang.
Néu ham mot bién p(ua) con lién tuc va

Ha<us=>H(pa) >p(pe)

thi phép bu mo trén con dugc goi la phép bu me chat (strictly).

Mot phép bl mo chit s& 1a phép bl mé manh (strongly) néu:

u(u(ua)) = pa, tic 1a (AC)C = A,

Ham thudc p(ua) cua mot phép bu mo manh dugc goi la ham pha
dinh mgnh.

Phép bu meé magnh

Phép bl mo cia mot tap mo A hay dung trong diéu khién mo 1a phép
bu c6 tap mo AC véi ham thudc:

Hoe (X) =1=p,(X)

Néu pa(x) 1a mot ham lién tuc thi ham thuoc 4,c (X) cua tap bu A° la
mot ham pha dinh manh. That vay:

e Do pa(x) lién tuc nén #,c (X) ciing 1a mot ham lién tyc.
o Néu s, (X) <, (X) thihién nhién s,c (X) > 1,¢ (X).

e Néu ,U(Ac)c (X) zl_ﬂAc (X) :1_(1_IUA(X)) = ILIA(X)
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Tinh déi ngdu

Cho hai tap mo A (trén khong gian nén M) va B (trén khdng gian nén
N) vai cdc ham thudc twong ang 1a pa(x) va us(X). Goi AUB la tap mo hop
cta chung. Theo dinh nghia vé ham thudc caa hop hai tap mo AUB s& ¢d ham
thuoc paus(pa, pe) thoa man:

tace | [0, 11— [0, 1] 1& mot ham t-déi chuan.

Str dung ham phu dinh:

nE)=1-¢

ta s€ co:

N(uaoe) = 1 - paos(n(ua), n(ue)) =1 - (1 - pa, 1 - pe)

1a mot ham t-chuan.

Tinh ddi ngau gitra t-chuan va t-dbi chuan cho phép xay dung dugc mot
phép giao mo tr mot phép hop mo tuong tng.
1.2.4. Phép kéo theo

Nhu di trinh bay trong phan logic ménh dé c6 dién, cho dén nay da c6
nhiéu nghién ctu vé phép kéo theo (implication). Vi day 1a cong doan quan
trong nhat caa qua trinh suy dién trong moi 1ap luan xap xi, bao gdm ca suy
luan mo.

S& xét phép kéo theo nhu mot mdi quan hé, mot toan ti logic. Céc tién
dé lién quan dén ham v(P1=P,):

(1) v(P1=P>) chi phu thudc vao v(P;) va v(P,).

(2) Néu v(P1) < v(P3) thi v(P1=P5) < v(P3=P), véi moi ménh dé Ps.

(3) Néu v(P2) < v(Ps) thi v(P1=P5) < v(P1=P3), véi moi ménh dé Pi.

(4) Néu v(P,) = 0 thi v(P1=P) = 1, véi moi ménh dé P.
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(5) Néu v(P,) = 1 thi v(P=P,) = 1, véi moi ménh dé P.

(6) Néu v(P,) = 1 vav(P,) = 0 thi v(P1=P,) = 0.

Tinh hop Iy caa nhitng tién dé nay cha yéu dua vao logic cb dién va
nhitng tu duy truc quan vé phép suy dién. Gia sir ton tai ham I(x, y) xac dinh
trén [0, 1]? do gié tri chan ly cua phép kéo theo qua biéu thirc:

V(P1:>P2) = |(V(P1), V(Pz))

Dinh nghia (1.2.4.1): Phép kéo theo 1a mot ham sé I: [0, 1]°— [0, 1]
thoa man cac diéu kién sau:

(1) Néu x < z thi I(x, y) <I(z, y), véi moi ye]0, 1].

(2) Néu'y < u thi I(x, y) < I(x, u), véi moi xe[0, 1].

(3) 1(0, x) =1 vai xe[0, 1].

(4) 1(x, 1) =1 voi xe€[0, 1].

(5) 1(1, 0) = 0.

Mic du (5) rat don gian song van can dua vao dinh nghia vi khong thé
suy ra tir 4 tién dé trén.

Tir dinh nghia toan hoc ta nhan thay mdi phép kéo theo 1a mot tap mo
trén [0,1]? va nhu vay xac 1ap mot quan hé mo trén [0, 1]%

Ngoai ra con mot so tinh chét cua phép kéo theo:

(6) 1(1, x) = x, vai xe][0, 1].

(7) 10x, 1(y, 2)) = 1(y, I(x, 2)).

Pay 1a quy tic doi chd, co so trén twong dwong gita hai ménh dé:

“If P1 then (If P2 then P3)” va

“If (P1 And P2) then P3”

(8) x <y néu va chi néu I(x, y) = 1.

(tién dé nay biéu thi phép kéo theo x&c ldp mét thr tw)
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(9) I(x, 0) = N(x) la mot phép pha dinh manh.
Ménh d& nay phan &nh tir ménh dé logic c6 dién:
P=Q = P néu v(Q) = 0 (Q Ia False).

(10) I(x,y) >y, v&i moi X, Y.

(11) I(x, x) =1, v&i moi X.

(12) 1(x,'y) = I(N(y), N(x)).

Ménh dé nay phan &nh tir ménh dé logic c6 dién:
(P=Q) = (Ie=1p).

(13) 1(x, y) la mot ham lién tuc trén [0, 1]2.
Xét dinh ly:

Pinh Iy (1.2.4.2): M&i ham s6 I: [0, 1]>— [0, 1] thoa méan cac diéu kién (2),

(7), (8) thi cling s& thoa man céc diéu kién (1), (3), (4), (5), (6), (10) va (11).

1.3. Quan hé m¢ va luat lgp thanh mo

1.3.1. Quan h¢ mo

1.3.1.1.Khdi niém quan hé mo

Dinh nghia (1.3.1.1): Cho X, Y la hai khong gian nén, goi R la mot

quan hé meé trén tap nén tich XxY néu R 1a mot tap mo trén nén XxY, tac 1a

cO mot ham thudc:

LR : XxY — [0, 1]

Trong d6: pr(x, y) = R(x, y) 1a @6 thuoc (menbership degree) cua (X, y)

vao quan hé R.

Dinh nghia (1.3.1.2): Cho Ry, Rz la hai quan hé mo trén XxY, ta co

dinh nghia:

(1) Quan he¢ RiURVGI g g, (x,y)= max{le(x, y), H, (X, y)},

V(X, y)eXxY.

(2) Quan hé RiNRV&T Ly - (X, Y) = min{us (X, Y), 1z (X, Y)},
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V(X, y)eXxY.

Dinh nghia (1.3.1.3): Quan hé¢ mo trén nhirng tap mo

Cho tap md A c6 ham thudc 12 pa(x) dinh nghia trén tap nén X va tap
mo B ¢6 ham thudc 13 pe(y) dinh nghia trén tap nén Y. Quan hé mo trén cac
tap A va B 1a quan hé mo R trén XxY thoa mén diéu kién:

(1) pr(X, y) <pa(x), VyeY

(2) pr(X, y) <ps(y), vVxeX

Dinh nghia (1.3.1.4): Cho quan hé mo R xéac dinh trén tap nén XxY.

(1) Phép chiéu ciia R 18n X 1a: ProjxR = {x, max,ur(X, y): xe X}

(2) Phép chiéu cua R 1én Y 1a: ProjyR = {y, max,ur(X, y): ye Y}
1.3.1.2.Phép hop thinh

Dinh nghia (1.3.1.5): Cho Ry la quan hé mo trén XxY vaR; la quan hé
mo trén XxZ. Hop thanh R, o R, cua R, R, 1a quan hé mo trén XxZ:

(1) Hop thanh max — min (max — min composition) dugc xac dinh bai:
Hpor, (X, Y) = max {min{u (X, Y), e, (¥, 2)}}, V(x, ) e XXZ.
(2) Hop thanh max — prod cho bai:
Mg, (% Y) =max {ug (X, ¥)-tp (V. 2)}, V(X, Z)eXXZ.
(3)Hop thanh max — * duoc xéac dinh bai toan tir *: [0, 1]>— [0, 1], cho béi:
Hror, (% Y) =max {usg (X, ¥)* e, (¥, )}, V(X, Z) e XXZ.
1.3.1.3. Phuong trinh quan hé mo

Phuong trinh quan hé mo dong vai trd quan trong trong céac linh vuc
phan tich cac hé mo, thiét ké cac bo diéu khién mo, qua trinh lay quyét dinh

va nhan dang mo.
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Dang don gian nhat c6 thé dién dat nhu sau:

Cho mét hé mo biéu dién dudi dang mot quan hé mo nhi nguyén R trén
khdng gian tich XxY. Dau vao (input) cua hé mo 12 tap mo A cho trén khong
gian nén input X. Tac dong cua dau vao A vdi hé R s& 1a phép hop thanh
AR s& cho ¢ dau ra (output) mot tap mo trén khdng gian nén Y, ky hiéu 1a

B. Khi @6 c6 AcR=B.

Néu sir dung phép hop thanh max — min thi ham thuoc caa B cho bai:

He (Y = tiar (Y)) = maxx{miny[luA(X)7 He (X, Y)I}
1.3.2.Luat lgp thanh mo&

Ham thudc ps-(y) trong vi du trén véi mot gia tri vat ly rd x=x, c6 cung
tap NN VGi pung(y). TONG quat, khi ham thuoc pa=s(y) cia ménh dé hop
thanh A=B, ky hiéu ngin gon 1a R, tai mét gié tri rd x=xo 1a mot ham thudc
cho mot gid tri mo nao do cua bién ngdn ngit P.

Lugt hop thanh 1a tén chung goi mé hinh R biéu dién mot hay nhiéu
ham thudc cho mét hay nhiéu ménh dé hop thanh, néi cach khéc lugt hop thanh
duoc hiéu 1a mot tap hop caa nhiéu ménh d& hop thanh. Mét luat hgp thanh chi
c6 mot ménh dé hop thanh dugc goi 1a ludt hop thanh don. Nguoc lai, néu né co
nhiéu hon mdt ménh dé hop thanh, ta s& goi no6 1a ludt hop thanh kép. Phan 16n
cac hé mo trong thyc té déu c6 mé hinh luat hop thanh kép.

Xét vi du vé luat hop thanh R biéu dién md hinh diéu khién nhiét do
cuia mot 10 xay gém 3 ménh dé Ry, Rz va R; cho bién nhiér déa va bién diéu
khién dién 4pp nhu sau:

R1: Néu o = thap Thi B = tang hoac

Rz: Néu o = trung binh Thi B = gii nguyén hoac

Rs: Néu o = cao Thi p = giam
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Véi mdi gia tri vat Iy xo cia bién nhiér dé dau vao thi thdong qua phép
suy didn mo ta cd 3tap mo B, , B, va B, tir 3 ménh d& hop thanh Ry, R, va
Rs cua luat hop thanh R. Lan luot ta goi cac ham thudc cua 3 tap mo két qua
dola g (Y), #g (Y) va s (y). Gia tri cia luat hop thanh R (ing véi Xo duoc
hiéu 13 tap mo R’ thu duoc qua phép hop 3tap mo B, , B, va B;:

R =B UB, UB,

Néu cac ham thudc 4 (¥), 4 (¥) va g (Y) thu duoc theo quy tic hop
thanh MIN va phép hop duoc thyc hién theo quy tic max thi R ¢d tén goi 1a luat
hop thanh max-MIN. Ciing nhu vay, R ¢6 thé cé nhing tén goi khac nhu:

e Luat hop thanh max-PROD, néu # (Y), 4, (¥) va £, (¥) thu duoc
theo quy tac hop thanh PROD va phép hop duogc thuc hién theo quy tic max.

e Luat hop thanh sum-MIN, néu 4, (Y), 4 (V) va 4 (Y) thu dugc
theo quy tic hop thanh MIN va phép hop 1a phép hop Lukasiewizc.

e Luat hop thanh sum-PROD, néu £ (¥), 4 (¥) va 4, (Y) thu duoc
theo quy tic hop thanh PROD va phép hop 1a phép hop Lukasiewizc.

TOm lai, dé xac dinh ham thuoc £, (V) cta gid tri dau ra R’ ctia mot luat
hop thanh c6 n ménh dé hop thanh Ry, Ry, ..., R, phai thuc hién cac budc:

(1) Xac dinh d6 thoa man Hy, Ho, ..., Hy.

(2) Tinh 15 (Y), 45 (¥), ..., 45 (Y).

(3) Xac dinh 4, (y).

Néu xem luat hop thanh R chi c6 mét ménh dé hop thanh

Ri:Néua=AThip=B
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Nhu 1a luat diéu khién caa bo diéu khién mo mét vao — mét ra (SISO)

thi d4u ra s& 12 mot gié tri mo c6 ham thuac 4, (Y).

X X0 B@dléu‘khlén g (X) Ug:(X)
ta(X) — mo PP el R
M e d

Hinh 1.4: B¢ diéu khién me véi quy tic MAX-MIN
Mot luat hop thanh c6 cdc ménh dé diéu kién va két luan 1a nhiing
ménh dé don, vi du nhu:
R1: Néu o = A; Thi B = B hoic

R2: Néu o = A; Thi B = B; hoic

Rn: Néu oo = A, Thi B = B,

duoc goi 1a luat hop thanh c6 cau truc SISO (mét vao, mét ra). Nguoc
lai, luat hop thanh c¢6 m bién ngén ngi o, o, ...,on VA Mot bién ngbn ngi ra
B véi cau tric dang:

R1: Néu oy = Ajz Va oz = Aga va ... va oy = Agm Thi B = By hoic

Rz: Néu o1 = Az VA o = Az va ... va oy = Agm Thi B = B3 hoic..

Rn: Néu o1 = A Va o, = Apa va ... va oy = Aan Thi B = B,

C6 tén goi 1a luat hop thanh MISO (nhiéu vao, mét ra).



1.4. Diéu khién mo

1.4.1. Bd diéu khiém mo co béan
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Mot bo diéu khién mo co ban thuong bao gom cac khau: fuzzy hoa,
thiét bi hop thanh (thiét bi thuc hién luat hop thanh) va khau gidi me. Mot b

diéu khién mo chi gom 3 thanh phan trén goi 1a bé diéu khién mo co ban.

X1

Hinh 1.5: B¢ diéu khién mé co bdn

Do bo diéu khién mo co ban

chi cd kha nang xtr ly cac gia tri tin - x(t

[t

1IN

Y

hiéu hién thoi nén nd thuéc nhém

cac bo diéu khién mo tinh.

Hinh 1.6: Mgt bé diéu khién mo dgng

d

Y

dt

Y

Bo diéu
khién mo

v(t

Pé mo rong mién ung dung cua ching vao cac bai toan diéu khién

dong, cac khau dong hoc can thiét s& dugc dua thém vao bo diéu khién mo co

ban. Céac khau dong dé chi c6 nhiém vu cung cap thém cho bo diéu khién mo

co ban céc gia tri dao ham hay tich phan cua tin hiéu. Cung véi nhitng khau

dong bd xung nay, bo diéu khién khong con 1a bo diéu khién mo co ban nira

ma don thuan nd duoc goi 1a bo diéu khién mo.

e Khau m¢ hod: C6 nhiém vu bién doi gia tri rd dau vao thanh mot

mién gia tri mo voi ham lién thude da chon ang voi bién ngbn ngir

dau vao da duoc dinh nghia tur trudc.
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e Khéi hgp thanh: Bién d6i céc gia tri mo cua bién ngdn ngit dau vao
thanh cac gia tri m& caa bién ngdn ngir dau ra theo cac luat hop thanh.

o Khdi lugt me¢ (suy lu@gn meé): Bao gom tap céc luat “NEU ... THI
...” dua vao cac luat mo co ban, duoc thiét ké va viét ra cho thich
hop véi ting bién va gia tri cia cac bién ngdn ngir theo quan hé mo
vao/ra.

Khoi luat mo va khoi hop thanh 1a phan cot 16i cua bo diéu khién
ma, Vi N6 ¢6 kha niang mé phong nhiing suy doan ciia con nguoi dé dat
duoc muyc tiéu diéu khién mong muén nao do.

e Khéi gidi mo: Bién doi céc gia tri mo dau ra thanh céc gia tri 1o dé
diéu khién d6i tuong.

1.4.2. Nguyén 1y diéu khién mo

Luat diéu

khién

Y
X Giaodién | W | Thiéthi |B’| Giaodien | U o y
—> dauvao [ hopthanh [ diura > Doitugng >

Thiét b do
(sensor)

Hinh 1.7: Hé kin, phdn héi &m va bg diéu khién mer

Vé nguyén tac, hé thong diéu khién mo ciing gidng véi cac hé thdng
diéu khién binh thuong khac. Su khac biét ¢ day 1a bo diéu khién mo 1am viéc
c¢6 tu duy nhu “bd ndo” dudi dang tri tué nhan tao. Chat lugng hoat dong cua
bo diéu khién mo phu thudc vao kinh nghiém va phuong phap rat ra két luan
theo tu duy con nguoi, sau d6 dugc cai dat trén may tinh trén co sé cua logic
mo. Hé thdng didu khién mo do d6 ciing co thé coi nhu 1a mot hé thdng
neuron, hay dang hon 1a mot hé thong diéu khién duoc thiét ké ma khdng can

biét trugc mo hinh toan hoc cua ddi tuong.
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Hé théng diéu khién mo duogc thiét ké gom cac thanh phan:

e Giao dién dau vao: Bao gom khau fuzzy hda va cac thanh phan phu
trg thém dé thyc hién cac bai toan dong nhu tich phan, vi phan, ...

e Thiét bi hep thanh: Ban chét caa thanh phan nay a su trién khai
luat hop thanh R duoc xay dung trén co s luat diéu khién hay nhu
trong mot sé cac tai liéu khéac con goi 1a luat quyét dinh.

e Giao dién ddu ra (khau chdp hanh): gom khau giai mo va cac khau

giao dién truc tiép véi ddi twong.

Nguyén tic tong hop bd diéu khién mo hoan toan dya vao nhiing
phuong phép toan hoc duya trén co s¢ dinh nghia cac bién ngdn ngir (tap mo)

vao/ra va lya chon nhiing luat diéu khién theo kinh nghiém.

Trong so d6 & hinh V& trén, khau d6i twong dugc diéu khién biang dai
lwgng u 14 tin hiéu dau ra cua bo diéu khién mo. Vi cac tin hiéu diéu khién d6i
twong 13 cac “tin hiéu rd” nén tin hiéu dau ra cta bo diéu khién mo trude khi
dua vao didu khién déi tugng phai théng qua khau giai md nam trong bé giao
dién dau ra. Tin hiéu ra y caa d6i tugng duoc do bang cam bién va dugc xu ly
so bo trude khi dua vao bo diéu khién. Cac tin hiéu nay ciing 1a cac “tin hiéu
137, do vay dé bo diéu khién mo c6 thé hiéu duoc ching thi tin hiéu y va ngay
ca tin hi¢u dat x ciing phai dugc mo hda thong qua khau mo hda trong bo giao
dién dau vao.

Chét lugng cua mot hé didu khién khong chi duoc danh gia qua do
chinh xac cua hé théng ma trong nhiéu truong hop ngudi ta con quan dén cac
chi tiéu khac nhu do dao dong, tinh bén viing (robust), van dé tiét kiém ning
lugng, ...

Thanh phan trong tdm cua bo diéu khién mo d6 chinh 1a hé luat didu
khién, chiing 1a tap ca&c ménh dé hop thanh cuing cdu tric NEU ... THI ... va

nguyén tac trién khai cac ménh dé hop thanh d6 co tén goi la nguyén tac max-
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MIN hay sum-MIN, ... M6 hinh R cua luat diéu khién dugc xay dung theo
mot nguyén tic trién khai dd chon trude va duoc goi 1a luat hop thanh. Thiét

bi thuc hién luat hop thanh trong bo diéu khién goi 1 thiét bi hop thanh.

Trong nhiéu trudng hop, cac thong vé sai 1énh giira tin hiéu cha dao x
va tin hiéu ra y chua du dé tao ra mot hé luat diéu khién. Voi cac bai toan diéu
khién dong, bo diéu khién mo con doi hoi phai c6 céc théng tin vé dao ham
cua sai lénh hay tich phan cua sai lénh dé cung cip thém cac dai lugng dau
vao cho thiét bi hop thanh. Hau hét cac dai lugng nay phai dugc s6 hda mot
cach pht hop cho thiét bi hop thanh. Tuwong tu nhu vay Véi céc gia tri ra cua
hé thdng, khdng phai trong truong hop ndo ciing can cac tin hiéu ra rd ma co

truong hop lai can gia tri tich phan cua tin hiéu ra.

Céc budc tiép can diéu khién mo kinh dién s& gom cac budc chinh sau:
Bwéc 1: Xac dinh bién vao, bién trang thai va bién diéu khién (bién ra) va xac
dinh tap nén cua céc bién.
Bwéc 2: Phan hoach tap nén (cua bién ngdn ngir) va gan nhan ngén ngi (gia
tri ngon ngir) cho mdi tap med (Mo hod).
Budc 3: Xac dinh dang ham thudc cho méi tap mo.
Buwéc 4: Xay dung quan hé mo gitra cac tap mo dau vao, tap mo trang thai va
tap mo diéu khién tao thanh hé luat diéu khién (bang diéu khién trén co so tri
tharc chuyén gia).
Buwéc 5: Giai bai toan 1ap luan xap xi, xac dinh tap mo dau ra diéu khién theo
tung luat (phep hop thanh).
Buwéc 6: Két nhap (aggregate) cac dau ra diéu khién mo.
Bwéc 7: Giai mo, tim gié tri diéu khién rd.

C6 thé thiét ké bo diéu chinh theo luat P (Propotional — Ti 1§), theo luat |
(Integral — Tich phan) va theo luat D (Derivative — Vi phan) nhu sau:

e Luat diéu khién P: y, =K.x, , trong d6 K 1a hé s6 khuéch dai.
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. . T, C s - .
e Luatdieu khién I: Y1 = Yi +T—Xk , trong d6 T, la hang so6 tich phan.
|

L T L
e Luatdidu khién D: Vi1 = T—D(Xk ~Y,), trong d6 Ty 12 hing sb vi phan.

a

Va T, 1a chu ky lay mau tin hiéu.

Luat diéu
khién

Y

x P_~| Thiétbi , y
hopthanh > | |~ DOituong
) D 1w giai mo

Thiét bi do
(sensor)

Hinh 1.8: B¢ diéu khién mé PID

Hinh v& trén 13 vi du don gian vé mot hé diéu khién mo PID. Sai léch giira
tin hiéu dat va tin hiéu ra duoc dua vao bd diéu chinh theo luat P va D, sau d6
dugc dua vao bo diéu khién mo. Bo diéu chinh I duge dung nhu mét thiét bi
chap hanh, dau vao lay sau bo giai mo va dau ra duge dua t6i doi tuong.
1.5. Két ludn

Trong chuong nay luan vin di hé thong duoc cac kién thuc co ban vé
ly thuyét mo va diéu khién mo. Vé ly thuyét mo, trinh bay cac bai toan trén
tap mo, quan hé mo, luat hop thanh mo. Gidi thiéu cac phan quan trong cua
lap luan mo. Vé diéu khién mo néu nhiing van dé co ban caa diéu khién mo.
Céc khau co ban caa bo diéu khién ma. Cudi cing trinh bay bo diéu khién mo

cong nghiép PID.
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CHUONG 2: PAI SO GIA TU, PIEU KHIEN DUA TREN PAI SO GIA
TU VOI PHEP NGU NGHIA HOA VA GIAI NGHIiA MO RONG

2.1. Mé dau
Trong chuong nay luan an cung cap kién thtic tong quan vé DSGT cua
bién ngdn ngir va phuwong phap 1ap luan mo st dung DSGT.

Dé xay dung phuong phap luan tinh todn nham giai quyét vin dé mo
phong cac qua trinh tu duy, suy luan caa con ngudi phai thiét 1ap anh xa: gan
mdi khai niém md mot tap mo trong khong gian tat ca cac ham F(U, [0, 1]).
Nghia 1a ta muon cau trlc tinh toan rat phong phi cua tip d¢ md phong
phuong phéap 1ap luan cta con ngudi thudng van dugc thuc hién trén nén
ngbn ngir tu nhién.

Vay mot van dé dit ra I1a liéu ban than ngdn ngit c6 cau trlc tinh toan
khong? Néu cé thi cac phuong phap 14p luan xay dung trén d6 dem lai nhirng
loi ich gi? Thong qua Iy thuyét vé dai s gia tir ta cd thé thay ring tap cac gia
tri cia mot bién ngdn ngit (bién ma gia tri cua né duoc ldy trong mién ngén
ngir) 1a mot cu tric dai 6 du manh dé tinh toan.

Ly thuyét dai s6 gia tir da c6 gang nhing tap ngdn ngir vao mot cau truc
dai s6 thich hop va tim cach xem chung nhu 1a mot dai s6 dé tién dé héa sao
cho ciu trac thu dugc mé phong tot ngir nghia ngdn ngir.
2.2.Pai so gia tir ciia bién ngdn ngir
2.2.1. Bién ngdn ngir

Vi du 2.1. Xét bién ngon ngir c6 tén AGE, tire Ia X = AGE, bién co sé u
c6 mién xdc dinh la U = [0,100]. Khi dé tdp cdc gid tri ngén ngit twong vmg

ciia bién ngén ngir la T(AGE) bao gom cdc gid tri

young old not young or old
not young not old not very young not very old
very young very old young or old

more—or—less young more—or—less old

possibly young possibly old
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Cac gia tri ngén ngir young va old dwoc goi la cdc gia tri nguyén
thiy. Méi gid tri ngén ngir trong T(AGE) la tén ciia mét bién mo trén U,
tirc la bién cé thé nhdan gid tri trén U voi moi gid tri ung voi mot muc do
tiwong thich trong doan [0, 1], rang budc han ché trén méi gid tri ngon
ngit hinh thanh ngit nghia cho gia tri ngon ngit do.Tuy nhién ngit nghia
ciia cdc gid tri khdc trong T(AGE) ¢6 thé tinh théng qua tdp mo cia cdc
gid tri nguyén thuy boi cdc phép toan twong ung voi cdc gia tu tac dong
nhw Very, more — or — less,...

Trong céc nghién ctu vé bién ngdn ngir va 1ap luan xap xi, Zadeh luén
nhan manh hai dic trung quan trong nhat cua bién ngén ngir:

Pic trung thir nhat 1 tinh pho quat cia cau tric mién gia tri cua ching,
tiec 14 mién gié tri caa hau hét cac bién ngdn ngir ¢ cling cau trac co s& theo
nghia cac gia tri ngdn ngit twong ung l1a gibng nhau ngoai trir phan tir sinh
nguyén thay. Vi du nhu tap cc gia tri ngdn ngir dugc cho tuwong tng cua hai
bién ngdn ngit HEALTH va AGE cho bai bang 2.1

Bang 2.1. Cac gia tri ngon ngir cia cac bién Health va Age

Health

Age

Good

Old

Very good

very old

more-or-less good

more-or-less old

Poor

Young

Very poor

very young

more-or-less poor

more-or-less young

..........

..........

Dic trung the hai 12 tinh chat ngir nghia doc 1ap ngit canh cua cé gia tir

va céc lién tir, trong khi ngir nghia cta cac phan tir sinh nguyén thuy 1a phu
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thudc ngir canh. Pic trung nay co thé thay tir viéc xac dinh ngit nghia tap mo
cho céc gia tri ngdn nglr nhu da néu ¢ trén

Hai dic trung trén cua bién ngdn ngir cho phép ta st dung maot tap cac
gia tr ngbn ngir cho nhiéu bién ngdbn ngir khac nhau va c6 thé mé ta hinh thic
mién gié tri cua cac bién ngdn ngir boi mot cau tric ngdbn ngir toan hoc thuan
nhat. Van dé quan trong nhat & day 1a mé hinh phai dua trén cac yéu té nao dé
cho cau tric toan hoc d6 phan anh dugc cang nhiéu ngir nghia tu nhién cua
gia tri ngdn ngir. Mot cach tiép can dén van dé nay da duoc dé xuat dua trén
mot s6 dic trung ngdn ngir sau:

- Cac gia tri ngbn ngir c6 nglr nghia tu nhién cua ching khi dugc con
nguoi sir dung trong cudc song hang ngdy, con nguoi sir dung ngit nghia nay
dé xac dinh quan hé thu tu giira c4c gia tri ngdn ngit cua ciing mot bién

- Céc gia tir ngbn ngit duoc con nguoi st dung dé nhan manh vé mat ngi
nghia ctia gia tri ngdn ngi, tic 14 mdi gia ta ¢d thé 1am manh 1&n hoic yéu di
ngt nghia ty nhién cua gia tri ngbn ngir dugc tac dong

Vi mdi gia tri ngbn ngit x trong T(X) va tap H cac gia ti ngbn ngi, khi
d6 H sé duoc phan hoach thanh hai tap con roi nhau sao cho mét tap chira cac
gia tir lam tang nglr nghia cta x va tap con lai chira céc gia tir lam giam ngir
ngia ctia X. Hon nita trong mdi tap con do6 ctia H, c&c gia tir ciing dwoc sap tha
tu theo mirc do nhan ngit nghia cua ching, vi du nhu mirc d6 nhan ngit nghia
cua gia tr very dugc xem la manh hon gia tir more
2.2.2. Pai sb gia tir cia bién ngdn ngir

Gia sir X la mot bién ngdbn ngit va mién gia tri cua X 13 Dom(X).

Pinh nghia 2.2. Mét BSGT AX twong g cua X 1a mét bg 4 thanh phan
AX=(Dom(X), C, H, <) trong dé C la tdp céc phan ti sinh, H 1a tdp cac gia ti;

va quan hé “<” la quan hé cam sinh ngir nghia trén X.
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Vi du 2.2. Gia sa X 1a téc d6 quay cua mot mod to thi Dom(X) = {fast, very
fast, possible fast, very slow, low... }u{0, W, 1 }, C = {fast, slow, 0, W, 1 },
v6i 0, W, 1 1a phan tir bé nhat, phan tir trung hoa va phan ti 16n nhat twong
ung, H={very, more, possible, little}.

Trong BSGT AX =(Dom(X), C, H, <) néu Dom(X) va C la tap sap thi tu
tuyén tinh thi AX duoc goi 1a BSGT tuyén tinh.

Tur day vé sau néu khong nham 1an c6 thé st dung ky hiéu X thay cho
Dom(X).

Nhu d3 biét trong, ciu trac AX dugc xay dung tor mot s6 tinh chat cua
cac phan tir ngdn ngit. Cac tinh chat nay duoc biéu thi boi quan hé thir tu ngir
nghia < cta X. Sau day ta s& nhac lai mot s6 tinh chét truc giac:

i) Hai phan tt sinh caa bién ngdn ngir c6 khuynh huéng ngir nghia trai
nguocC nhau: fast c6 khuynh hudng “di 1én” con goi 1a hudng duong ky hiéu
c*, slow c¢6 khuynh huéng “di xudng” con goi 1a huéng am, ky hiéu ¢. Pon
gian, theo quan hé thir tu ngit nghia ta co: ¢* > ¢~. Chang han old > young,
true>false.

i) V& truc giac, mdi gia tir c6 khuynh huéng lam ting hodc giam ngi
nghia ctia phan tir sinh nguyén thay. Chang han nhu Very fast > fast va Very
slow < slow diéu nay cé nghia gia tir Very lam manh thém ngir nghia cua ca
hai phan tu sinh fast, slow. Nhung Little fast < fast, Little slow > slow vi thé
Little c6 khuynh huéng lam yéu di ngit nghia cta phan tu sinh. Ta n6i Very la
gia tir duong va Little la gia tor am.

Ta ky hiéu H™ 1a tap céc gia tir &m, H* 1a tap céc gia tir dwong va H = H-
UH*. Néu ca hai gia tir h va k cing thuoc H* hoac H-, thi ta ndi h, k sanh
duoc véi nhau. D& thay Little va Possible 13 sanh dwoc véi nhau va Little >
Posible, vi Little false > Possible false > false. Nguoc lai, néu h va k khong

ddng thoi thuoc H* hoac H-, khi d6 ta néi h, k nguoc nhau.
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iii) Hon nita, nhan thdy mdi gia tir déu ¢6 sy anh hudng (1am ting hoic
lam giam) dén ngir nghia cua céc gia tir khac. Vi vay, néu k lam ting ngit
nghia cua h, ta néi k 1a dwong ddi véi h. Nguoc lai, néu k 1am giam ngit nghia
cua h, ta néi k 1a am dbi vai h.

Chéing han xét cac gia ta ngdn ngit V (Very), M (More), L (Little), P
(Possible), cua bién ngdn ngit TRUTH. Vi L true < true va VL true< L true<
PL true, nén V 1a duong ddi véi L con P 1a am d6i véi L. Tinh 4m, duong cua
cac gia tir ddi voi cac gia tir khac khdng phu thudc vao phan tie ngén ngit ma
né tac dong. That vay, néu V duong ddi véi L thi véi bat ky phan tu x ta co:
(néu x<Lx thi Lx<VLX) hay (néu x>Lx thi Lx>VLx)

Nhin chung, véi bat ky h, keH, h dugc goi 1a duong ddi véi k néu
(VxeX){(kx > x = hkx > kx) hay (kx < x = hkx <kx )}. Mot cach tuong tu, h
duoc goi 1a am d6i véi k néu (vxex){( kx > x = hkx < kx) hay (kx < x=> hkx >
kx)}. Tinh 4m, duong cta céc gia tir duoc thé hién trong Bang 2.2

Bang 2.2. Vi du vé tinh Am dwong giira cac gia tir

Vv M P L
Vv + + — +
M + + — +
P — - + —
L — — + —

iv) Mot tinh chat ngir nghia quan trong cua céc gia tir dwoc goi la tinh ké
thira. Tinh chét nay thé hién ¢ chd khi tac dong gia tir vao mot gia tri ngon
ngir thi ngit nghia ctia gia tri nay bi thay doi nhung van giir dugc ngit nghia
goc cua nd. Pidu nay co nghia 1a voi moi gia tir h, gia tri hx thira ké ngit nghia
cua x. Tinh chat nay gop phan bao tén quan hé thir tu ngit nghia: néu hx < kx

thi ’hx < k’kx, hay h’ va k’ bao ton quan hé ngit nghia cua hx va kx mot céch
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twong tng. Chang han nhu theo truc gi4c ta cé Ltrue < Ptrue, khi d6: PLtrue
< LPtrue.
2.2.3. C4c tinh chit co ban ciia PSGT tuyén tinh

Sau day s& xét mot s6 tinh chat co ban ciia BPSGT tuyén tinh

Trudc hét ta thay rang khi tac dong gia tr h € H vao phan tir x e X, thi
ta thu dugc phan ta ky hiéu hx. V&i mdi x € X ta ky hiéu H(x) 1a tap tat ca céc
phan tir u thudc X xuat phét tir x bang cach st dung céc gia tir trong H va ta
Viét u = hy...h1X, Véi hy, ..., by € H.

Pinh Iy 2.1. ([1])Cho tdp H- va H* 1 c4c tdp sap thi tu tuyén tinh ciia DSGT
AX = (X, G, H, <). Khi d6 ta c6 cac khang dinh sau:
(1) Véi méiu e X thi H(u) 1a tdp sap thi tu tuyén tinh.
(2) Néu X duoc sinh tir G béi céc gia tir va G 1a tdp sap thi tu tuyén tinh
thi X ciing la tdp sap thie tw tuyén tinh. Hon nir|a néu u < v, va u, v 1a
doc lap véi nhau, tirc lau ¢ H(v) vav ¢ H(u), thi H(u) < H(V).

Trong [1] khang dinh m&i mién ngdn ngir caa bién ngdn ngir c6 thé duoc
tién dé hoa va dugc goi 1a DSGT AX = (X, G, H, <), trong d6 H 1a tap thi ty
tuyén tinh bo phan, va co dinh Iy sau:

Pinh ly 2.2. ([1]) Cho PSGT AX = (X, G, H, <). Khi dé ta cé cdc khang
dinh sau:
(1) Céac toan tir trong H® la so sanh dwoc voi nhau, ¢ € {+, —}.
(2) Néu x e X la diém cé dinh doi véi toan tir h € H, tirc 14 hx = X, thi n6
la diém co dinh doi véi céc gia tir Khac.
(3) Néu x = hy...hu thi ton tai chi sé i sao cho h;...A1u cua x 1a mét biéu
dién chudn cia x twong g véi u (x = hi...h1u VA hi...hu # his...hu)
va hjx = x véi moi j > 1.

(4) Néu h # k va hx = kx thi x la diém cé dinh.
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(5) Vi bat ky gia tir h, k € H, néu x < hx (x > hx) thi x < hx (x > hx) va néu
hx < kx, h # k, thi hx <kx.
Tiép theo néu ra dinh 1y dung dé so sanh hai phan tir trong mién ngon
ngit cua bién ngébn ngir X
Pinh Iy 2.3. ([2]) Cho X = hy...A1u VA y = Kn...ku 12 hai biéu dién chudn cua
X va y twong 1ng Voi u. Khi @6 ton tai chi s6 j < min{n, m} + 1 sao cho h; =
ki v6i Moi j* < j (6 ddy néu j = min {m, n} + 1 thi hogc h; 1a toan tir don vi 1,
hj=1,j=n+1<mhogckij=1,j=m+1<n)va
(1) x <y khi va chz khi hjx; < kix;, trong do x; = hj.1...h1u.
(2) x =y khi va chz khi m = n va hjxj = kx;.
(3) x va y la khong so sanh dwoc voi nhau khi va chs khi hyx va kix; la
khong so sanh dwroC voi nhau.
2.2. Cac ham do trong dai sb gia tir tuyén tinh
Trong phan nay ta st dung BSGT AX =(x, C, H, <) 1a BSGT tuyén tinh
véi C={ ¢, ¢} U {0, W, 1 }. H=H"U H*, H = {h.y, h,..., h.g} théa h.a< h.
2<..<hgvaH"={hy, hy,..., hp} thoa hi<h,<...< h,.
2.2.1. Pinh lrong dai s6 gia tir
Nhu vay ta c6 thé dinh nghia ham ngit nghia dinh luong nhu sau:
Dinh nghia 2.2.1.1: Cho dai s6 gia tor mé rong dbi xang AT = (T, G, H,
<), f: T-[0, 1] 1a mot ham ngir nghia dinh lugng cua AT néu Vh, k € H+

:‘ f(hy)-f (y)]
f (ky) ()|

f (hx)-f (X)
f (kx)-f (x)

hoac Vh, k eH-va vx,y €T, ta co:

Véi dai s6 gia tar va ham ngit nghia dinh lugng, c6 thé dinh nghia mot
khai niém rat triru tuong va kho dinh nghia mot cach thoa dang trong ly

thuyét tap mo 1a tinh meé cua mot khéi niém mo hay cua tap mo biéu dién no.
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2.2.1.1. Tinh mo ciia mgt gid tri ngéon ngir
Xét c4c gia tri: True, Very False, ... Lam thé nao dé dinh nghia tinh mo
(fuzziness) cho cac gia tri ngdn ngit nay? Trén quan diém DSGT, ta c6 mot
cach dinh nghia tinh m¢ kha truc quan dua trén kich c¢& cua tap H(x) nhu sau:
Cho truéc mot ham dinh lugng ngir nghia f ciia X. Xét bat ky xeX, tinh
Mo cua X khi dé dwoe do bang dirong kinh tap f(H(X)) < [0, 1].

0.5 Little True Poss True True More True Very True 1
I | | ] | | | |
€ S 0.75 | < 5
| i [ ——>! Diameter of
Diameter of 1€ > !

X ' - ; f(H(Very True))
f(H(Little True)) *  Diameter of f(l_l?(llargféeTr ::er))
f(H(Poss True))

A

Y

Diameter off(H(True))

Hinh 1.9: Tinh me cia gia tri ngdn ngi
Goi H(x) la tap cac phan tir caa X sinh ra tir x boi cac gia tir. Nghia 1a
H(x) bao gdm cac khéi niém md ma né phan anh y nghia nao d6 cua khai
niém x. Vi vay, kich thudc caa tap H(x) c6 thé biéu dién tinh mo cua x. Tir do,
ta cd thé dinh nghia d6 do tinh mo nhu sau: Do do tinh mo cua x, ta ky hiéu 1a
fm(x), 1a dwong kinh cua tap f(H(x)) = {f(u) : u € H(x)}.
Pinh nghia 2.2.1.2. Cho DSGT AX =(x, C, H, <). Ham fm: x — [0,1] duoc

goi la ham d¢ do tinh mo cua cac phdn tiz trong X néu:
fm1) fm(c)+ fm(ct) =1va D, _,, fm(hu) =fm(u), vsi vuex;

fm2) fm(x) = 0, véi moi x sao cho H(x) = {x}. Pac biét, fm(0) = fm(W) =
fm(1) = 0;

fm(hx) _ fm(hy)
fm(x)  fm(y)
y va dwot Qoi la do do tinh mo cua gia tu h, ky hiéu la u(h).

fm3) VX, y € X, vh € H, , ty 1¢ nay khéng phu thugc vao x,
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Diéu kién fml) c6 nghia 1a cac phan tu sinh va cac gia tir 1a da dé mo
hinh héa ngir nghia cuia mién gia tri thuc caa cac bién vat ly. Tap gia ti H va
hai phan tir sinh nguyén thay ¢, ¢* da dé phu toan bd mién gia tri thuc cua
bién ngdn ng.

V& truc giac, ta co diéu kién fm2) va fm3) thé hién su tac dong cua gia tar
h nao d6 vao cac khai niém mo 1a giéng nhau (khéng phu thudc vao khai
niém mo).

Cho fm la ham do do tinh mo trén X. Ta co:

i) fm(hx) = w(h)fm(x), vxex:

i) D oo MiC) = M(c), v6ic e{c™, ¢}

i) fm(c") + fm(c*) = 1;

V) D oo M(NX) = M(x);

V) Z—qgiS—lfu(hi) =a va Zlﬁiépﬂ(hi) =p,trongdd a, f>0vaa+ =1

Ham dau sign : x > {-1, 0, 1} duoc dinh nghia dé quy nhu sau:

1) sign(c) = -1, sign(c*) = +1;

i) sign(h’hx) = -sign(hx) néu h' am ddi véi h va h'hx = hx;

i) sign(h'hx) = sign(hx) néu h' duong déi véi h va hhx =hx;

iv) sign(h'hx) = 0 néu h'hx = hx.

Véi moi gia tir h va phan tir x ex néu sign(hx) =+1 thi hx > x va néu sign(hx)
= -1 thi hx<x.

Cho fin la ham d¢ do tinh mo trén X. Mgt ham dinh lwong ngit nghia v trén X
(két hop véi fm) dwoc dinh nghia nhw sau:

1) v(W)=6 =fm(c),v(c)= 8- afm(c’), v(c") = 8+afm(c"),

véi0< < 1;

i) v(hx) = v+ sign(h) Q) . Tm(hx) —axh;X) fm(h;x)),
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voi j e[-q" p], trong do
o(h;x) :%(1+ sign(h;x)sign(h, h;x)(8 — @)) e{«, B},

[-0" p]= {: —a<j<p & =0}
Véi moi phan tir x ex ta c6 0 < v(x) < 1.
2.3. Phuwong phap 1ap luan mo sir dung dai sb gia tir

Trong phan nay ta s& xem xét phuong phap 1ap luan mo sir dung DSGT
xap xi m6 hinh mo.

Theo tiép can cia DSGT, M6 hinh md duge xem nhu mot tap hop céc
“diém mo”, véi viéc sir dung c4c anh xa ngit nghia dinh lugng v mdi diém cua
md hinh md trén co thé duoc biéu dién bang mot diém cua siéu mat thuc, va
tap cac diém thyc cho ta moét md hinh goi 1a bd nhé lién hop dinh lwong
(Semantization Associate Memory goi tit 12 SAM). Sur dung toan tir két nhap
dé két nhap cac diéu kién trong mé hinh ma, khi d6 ta c6 thé chuyén siéu mat
thuc vé dudng cong thuc trong mat phang, dudng cong nay con duoc goi la
dwong cong ngir nghia. Do d6, bai toan lap luan ban dau s& chuyén vé bai
toan noi suy kinh dién, phuong phap nay c6 thé dugc khai quat qua cac budc
nhu sau:

Buwéc 1) Xdy dung cic PSGT AX; cho cdc bién ngén ngir Xi, va AY cho
bién ngén ngiv Y.

Buwéc 2) Sir dung cdc dnh xa ngit nghia dinh lwong vi V& w chuyén doi
mé hinh mo FAM vé mé hinh SAM

Buwéc 3) Sir dung mét phép két nhdp dwa mé hinh SAM vé dwong cong
Cr2 goi la ngit nghia dinh luong.

Buoc 4) Ung VOi gia tri dau vao thuc hodc mo ta xdc dinh gia tri dinh
lirong twong ieng, sit dung phép két nhdp va xdac dinh dau ra twong g ciia
phép néi suy tuyén tinh trén cong Cio, viéc gidi dinh lrong dau ra ciia phép

néi suy sé cho két qud ldp ludn
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Phuong phap 1ap luan st dung PSGT ham chua rat nhiéu cac yéu t6 mo

cho nguoi st dung lura chon nhur:
i) Chon cac tham so0 cia cac dai so gia ti:

Biét rang mo hinh m& chtra bién ngdn ngit, trong Gmg voi n6 1a DSGT.

Céc tham s6 cta cac DSGT gém:
+ Po do tinh md ciia cac phan tir sinh:
fmAXi(C_), fmAXi(c+) thoa fmAXi(C_) + fmAXi(c+) =1

+ D§ do tinh mo cua cac gia tu:
-1 ;
Haxi(hy) th(”)azj}qi /uAXi(hj) =a, E)::UuAXi(hj) =p,a+p=1

Thoéng thudng ta hay st dung truc giac dé chon cac tham sé nay, théng
thuong chon cac tham sb fm(ci) = fm(cit) = 0,5 va « = = 0,5 trong qué

trinh 13p luan str dung BSGT.
i) Xac dinh phép két nhap va phép ndi suy

Trong mot s6 nghién ctiru gan day [7,8], cac tac gia da sir dung cac phép
két nhap AND = “PRODUCT” hoac AND = “MIN” dé dua bang SAM vé
duong cong ngit nghia dinh lugng, dau ra dugc xac dinh dua trén viéc dinh
luong, két nhap cac dau vao va ndi suy tuyén tinh trén duong cong nay.

iii) Van dé dinh lwong dau vao thue:

Biét rang phép noi suy dugc xdy dung tir cic mdc ndi suy trong bang
SAM, nén dau vao ciia n6 phai 1a cac gia tri dinh lugng, khong gip kho khin
gi khi dinh lugng dau vao md vi da ¢6 ham dinh luong ngir nghia, véi dau vao

1a gia tri thuc thi viéc dinh luong thudng duoc thiét 1ap theo nguyén tic sau:
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Gia str bién ngon ngir X thudc khoang thuc [Xo, X1] V& Céc nhin ngdn ngit
ctiia n6 nhan gia tri dinh lugng trong khoang thuc [So, S1]. Khi d6 gié tri thuc x

e [Xo, X1] duoc dinh lugng theo phép ngir nghia hoa tuyén tinh:

S1_50

semantization(x) = s, + (X—X%,) (1.2)

1 0

Vén dé giai dinh lugng duoc tién hanh nguoc lai. Pay chinh 1 phép giai

nghia tuyén tinh:

. X, — X
desemantization(s) = x, + —+——2

(s—5) (1.2)

1 0

Trong d6 (Xo, X1) 14 khoang xac dinh ctia bién X va (So, 51) 14 khoang dinh
luong ngir nghia twong ing
2.4. M hinh diéu khién sir dung dai s6 gia tir

M6 hinh hé diéu khién dua trén DSGT c6 dang nhu hinh duéi déy:

——— e ATV z

re Ngtr nghia| ~° Cq s& luat ngit nghia | Us Giai ngit UTHéi tuong | X

—8— "hoa [ vahesuyluanngi [~ nghia ~{ diéu khién
nghia

Hinh 2. 1 : Hé diéu khién dva trén PSGT

Pé sir dung dai s gia tir cAn phai thyuc hién cac bude nhu sau:

Buwéc 1: Xac dinh bién vao, bién trang thai va bién diéu khién (bién ra)
va xac dinh khoang lam viéc caa cac bién. Xac dinh cac diéu kién tinh toan
(chon cac bo tham sd tinh todn cua dai s gia ti).

Buwoéc 2: Tinh toan céc gid tri dinh luong ngir nghia cua bién vao, bién trang

thai va bién diéu khién (&p céc gia tir 18n cac khoang 1am viéc cua cac bién).
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Buwéc 3: Chuyén bang diéu khién mo sang bang diéu khién véi tham sb
nghia dinh luong cia dai s6 gia tu.

Buwéc 4: Giai bai toan 1ap luan xap xi trén co so dai s6 gia tir dé xac
dinh ngit nghia dinh lwong cua diéu khién, trang thai.

Buwéc 5: Két nhap céc gié tri ngit nghia dinh luong cua diéu khién va
xay dung duong cong ngir nghia dinh luong.

Buwéc 6: Trén co so diéu kién ban dau cia bai toan diéu khién, giai bai toén
ndi suy dudng cong ngir nghia dinh lugng, xac dinh gia tri diéu khién thyc..

2.5. Xay dung phép ngir nghia hoa va phép gidi nghia mé rong.

Nhitng nghién ctru trong thoi gian gan day [3], [4], [5] chi ra ring tiép
can dai sb gia tir (PSGT) [1], [2] tng dung trong nhiéu linh vuc di to ra kha
hiéu qua. Viéc xay dung duong cong ngir nghia dinh luong mo ta hé¢ luat la
mdt sy thay d6i 16n vé phép suy luan mo, tir 46 mang lai kha ning Gmg dung
ngdy cang md rong trong nhiéu bai toan thuc té. Tuy nhién phép ngir nghia
hoa va phép giai nghia trong bd diéu khién duwa trén DSGT don gian van chi
1a nhimng bién doi tuyén tinh. Van dé nay 1am han ché phan nio tinh mém déo
va do chinh xac trong cac tmg dung hién nay cia DSGT. Phan nay dit ra myc
tiéu xay dung phép ngit nghia hoa va giai nghia mo rong nham md rong cho
nhimg tng dung nhu xap xi ham va diéu khién voi do chinh xéac cao hon.

Trong BDSGT, dé thuén tién cho viéc biéu dién ngir nghia cia cac gia tri
ngdn ngit, mién tham chiéu thong thuong cua cac bién ngon ngir X 14 doan [a,
b], con mién tham chiéu ngit nghia Xs 1a doan [as,bs] (0 <. as< bs<1). Viéc
chuyén d6i tuyén tinh tir [a, b] sang [as,bs] dugc goi 1a phép ngir nghia hoa
tuyén tinh (linear semantization) con viéc chuyén nguogc lai tir doan [as,bs]
sang [a, b] duoc goi 1a phép giai nghia tuyén tinh (linear desemantization).

Trong nhiéu tmg dung cua DSGT, di str dung mién ngit nghia 1a doan

[as=0, bs=1], khi d6 phép ngit nghia hoa tuyén tinh dugc goi 1a phép chuan
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hoa (linear Semantization = Normalization) va phép giai nghia tuyén tinh
duoc goi 1a phép giai chuan (Linear Desemantization = Denormalization ).

Nhu vay c6 thé biéu dién phép ngit nghia héa nhu sau:

Linear Semantization (x) = Xs=as+ (bs—as) (x—a)/(b—-a) (2.1)
Normalization (x) = xs=(x-a)/(b—a) (2.2)
Nonlinear Semantization (X) = f(Xs, sp) (2.3)

Véi diéu kién: 0 <f(xs, sp)<1; f(xs=0,5p) =0vaf(xs=1,sp)=1 (2.4)
Trong d6 spe[-1 1] 1 tham s6 ngit nghia hoa phi tuyén.

Pé dam bao thir ty nglr nghia, ham f(.) dugc chon tuy theo timng Gng
dung (tuyén tinh hoa timg doan, da thirc timg doan...) nhung phai 1 ham lién
tuc va déng bién. Vi du ¢6 thé chon f(xs, sp) nhu sau:

Nolinear Normalization (X) = Xs + sp.Xs(1-Xs) (2.5)

Tuong tu c6 thé biéu dién phép giai nghia nhu sau:

Linear Desemantization (Xs) = x =a+ (b —a) (Xs — as) / (bs — as) (2.6)
Denormalization (X;) = x=a+ (b—a)xs (2.7)
Nonlinear Desemantization (Xs) = g(x, dp) (2.8)

Véi diéu kién: a < g(x,dp) <b; g(x=a,dp)=avag(x=Db,dp)=b (2.9)
Trong d6 dp < [-1 1] 1a tham s6 giai nghia m& rong.

Pé dam bao tht ty ngit nghia, ham g(.) duoc chon tuy theo ting tGng
dung (tuyén tinh héa timg doan, da thirc timg doan...) nhung phai 1a ham lién

tuc va dong bién. Vi du c6 thé chon g(x,dp) nhu sau:

Nonlinear Denormalization (f(xs, sp)) = Denormalization (f(xs, sp)) +
+dp((Denormalization (f(xs,sp))—a)(b—Denormalization(f(xs,sp)))/(b-a) (2.10)
Luu ¥ rang:

Denormalization (f(xs, sp)) = (sp.x(1-x)+x )(b-a) + a (2.11)
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Ham f(xs, sp) 1a ham biéu dién phép ngit nghia hoa phi tuyén, g(x, dp)
12 ham biéu dién phép giai nghia mé rong chua dugc st dung trong cc ung
dung cua DSGT. Vi cach chon trén day, khi sp = dp = 0, phép ngit nghia hoa
phi tuyén va phép giai nghia mé rong trd thanh tuyén tinh va biéu thic (2.5)
trd thanh (2.2) va (2.8) tr¢ thanh (2.7).
2.6. Két luan
Trong chuong ndy, ludn vin di trinh bay nhimg van dé t6i thiéu cua ly
thuyét DSGT va mot sd yéu tb can thiét cho cac tmg dung cua PSGT. Phan
trinh bay nay nhdn manh y nghia cia phép ngit nghia hoa va phép giai nghia
mo rong. Tinh mém déo va hiéu qua cua viée tng dung mo hinh mé rong nay

dugc tiép tuc trinh bay trong chuong tiép theo.



43

CHUONG 3. PHEP NGU NGHIA HOA VA GIAI NGHIA MO RONG
UNG DUNG TRONG XAP XIi HAM VA PIEU KHIEN

3.1. Mé dau

Mot 16p bai toan kha rong lién quan dén diéu khién 1a 16p bai toan xap xi
ham. Pic diém quan trong cua qua trinh xap xi ham 1a “kha nang xap xi md
hinh” trén co s thong tin cua cap Dau vao - Pau ra. D6i véi md hinh dua trén
luat, cac phuong phap xap xi ham truyén thong khong con st dung duoc nira,
don gian vi cap Dau vao — Dau ra khong phai 1 nhing s liéu dinh luong cu
thé, ma 1a mot hé luat duoc xay dung tir tri thirc, hiéu biét day truc cam cua
con nguoi.

Pé vuot qua kho khin nay, 1i thuyét mo 3 mo phong tri thirc dinh tinh
thong qua khai niém “tap mo”. Nhu vay, d6i véi bai toan xap xi ham st dung
tiép can md, can phai chon dang ham thudc va tham sé héa mot cach hop |i.
Giai phap nay kha cong kénh va bi gan ciing vao mot loai ham thudc duoc
chon ban dau. Hon thé nira, diéu khé nhat I1a phai chon dugc phép kéo theo
mo hop 1i va mét chién lugc giai mo da tot dé co thé nhan duogc két qua nhu
mong mudn.

Nhitng budc thuc hién nay ludn kém theo rat nhiéu “rai ro” va c6 thé dan
dén nhiing sai 1am nghiém trong do hiéu tmg “ khong chinh “ gay ra cho loai
bai toan nguoc nhu xap xi ham. Vi vay, khi nao tiép can mo con chua giai
quyét duoc nhitng vuéng méc néu trén, khi d6 con chua co duoc tinh thuyét
phuc thuc sy lién quan dén “ tinh thuc té “ ctia n6 ddi véi nhiéu van dé ung
dung n6i chung va bai toan xap xi ham néi riéng. Mudn vuot qua thach thic
nay can phai xay dung dugc mot Ii thuyét cho phép xur Ii chinh xéac cac mo
hinh dinh tinh ma khdng bi anh hudng béi hau qua cua viéc sir dung tap mo
va van c6 kha nang mo phong tot tinh bat dinh, mo ho, khong chac chan...

ham chira trong tri thice va hiéu biét théng qua ngdn ngit cua con ngudi.
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C6 thé li thuyét BSGT dap tmg duoc yéu cau khat khe nay chang? Tuy
nhién, qua cac két qua tng dung cu thé da va dang duoc thuc hién, cé thé hi
vong rang cau tra 1oi s& mang tinh tich cuc. Riéng ddi véi bai toan xap xi
ham, 1i thuyét BDSGT véi phép ngit nghia hoa , giai nghia mo rong sé giai
quyét nhu thé ndo va liéu co thé tét hon so vai tiép can mo hay khdng? Sau
day s& xét mot truong hop cu thé.

Bai toan xap xi ham dua trén luat

Xét hé n dau vao 1 dau ra véi tri thirc vé ham duoc biét dudi dang tap
hop cac luat R (r) c6 dang sau:

IF X1 is A1(r) and Xz is Ax(r)...and x,1S An(r) THEN 'y = B(r) (3.2)

trong d6 x;, i = 1, 2,.. n la cac gia tri dau vao; y la gia tri dau ra; Ai(r) 1a
tap mo cua bién ngdn ngi dau vao i trong luat thar, r =1, 2,...,m; B(r) |a tap

mo caa bién ngdbn ngit dau ra trong luat tha r.

XAp xi ham sir dung tiép can mo

Qua trinh xap xi ham dya trén luat s dung tiép can mo nhu sau:

Buwéc 1: Mo hoa khong gian dau vao, dau ra: Xay dung cac phan hoach
dau vao va dau ra tuong (ng véi cac bién ngdn ngi.

Buwéc 2: Xay dung hé luat tir tri thac vé ham.

Buoc 3: Giai mo tir diéu Kién ban dau va FAM, tinh toan dau ra ro.

Pé thay rd ban chat van dé va khéng mat tinh tdng quat, xét bai toan vé
xap xi ham phi tuyén dya trén luat c6 dang 1 dau vao 1 dau ra sau day:

y = 10sin(x). (3.2)
Vi diéu kién ban dau
Xo = (-135°, -45°, 45°, 135°). (3.3)

Tri thic vé ham duge cho dudi dang 4 luat trong bang 3.1 nhu sau:
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Bdng 3.1. Luat tang, giam

Luatl |IFxisZ or PB, THENyisZ

Luat2 | IFxisPS THEN y is PB

Luat3 |IFxisZ or NB, THENyis Z

Luat4 | IF xis NS THEN yis NB

trong d6: NB — Negative Big; NS — Negative Small; Z — Zero; PS — Positive
Small va PB — Positive Big.

Bai toan dwoc giai quyét nhu sau:

Buwéc 1: Mo hoa tap nén dbi vai bién vao x trén khoang [-180°, 180°] va
tap nén ddi voi bién ray trén khoang [-10, 10].

Phan hoach khong gian dau vao thanh 5 doan voi 5 tap mo twong ung:
NB, NS, Z, PS va PB nhu hinh 3.1.

1 (X
NB NS 1|Z  PS  pB

-180 -90 0 90 180 X

Hinh 3.1: Phan hoach dau vao x

Phan hoach khong gian dau ra thanh 3 doan véi 3 tap md tuong Gng:
NB, Z va PB nhu hinh 3.2.

1 uy) PB
NB

-10 0 10 Xo

Hinh 3.2: Phan hoach dau ra vy
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Buwéc 2: Xac dinh FAM tir 4 luat cua bang 3.1 va tong hop vao bang 3.2.
Bdng 3.2. FAM

X NB NS Z PS PB

y Z NB Z PB Z

Buoéc 3: Trén co so diéu kién ban dau X, (3.3) tinh toan dau ra duoc thyuc
hién theo phuong phap giai mo trong tm va két qua nhan duoc trong bang 3.3.
Bdng 3.3. Két qua xap xi ham y = 10 sin(x) dua trén luat caa tiép can mo
Xo -135° -45° 45° 135°
y 7 7 7 7

Xap xi ham dwa trén luat sir dung tiép can dai sb gia tir

Tiép can BSGT Ia tiép can madi cho bai toan xap xi ham dua trén luat.
Qua trinh xap xi ham duogc thé hién qua cac budc sau:

Buwéc 1: Chon bo tham sé gbc véi céc gia tir va gan ngir nghia hop |i cho
gia tri cua cac bién ngdn ngit vao va bién ngdn ngir ra.

Buwéc 2: Xay dung ngir nghia dau vao va ngir nghia dau ra tir khéng gian
dau vao va khong gian dau ra tuong (mg trén co s& phép ngir nghia hoa tuyén
tinh hoac phi tuyén.

Buoc 3: Trén co s6 FAM, xa@y dung SAM ( Simantic Associative Memory)
va dudng cong ngir nghia dinh luong theo cac luat — diém ngir nghia.

Bwéc 4: Sir dung diéu kién ban dau va duong cong ngir nghia dinh
lugng, tinh todn cac gia tri dau ra trén co s& phép giai nghia tuyén tinh hoac
phi tuyén

Péi véi mod hinh y = 10sin(x) véi FAM duoc biét tai bang 3.2, bai toan
xap xi ham dua trén luat sir dung tiép can BDSGT duoc giai quyét nhu sau:

Buwoéc 1: Chon bo tham sé C = {0, Small,, Big,1};0=0,5; o. = p =0,5;

Nhu vay fm(Small) =6 = 0,5; fm(Big) = 1- fm( Small ) = 0,5.



47

Buwéc 2: Ngit nghia duoc gan cho cac bién ngdn ngir vao va bién ngon
ngtr ra nhu sau:NB = Absolute Small (AS); NS = Small (S); Z = Medium
(M); PS = Big (B) va PB = Absolute Big (AB).

Tu ly thuyét dai sé gia tir tinh duoc cac gia tri ngit nghia dinh luong:

v(S) = v(Small) = 8 - afm(Small) = 0,25; v(B) = v(Big) = 6 + ofm(Bigl) = 0,75.
Luu y rang: v(M) = v(Medium) = 0,5; v(AS) = v(Absolute Small) = 0; v(AB)
= v(Absolute Big) = 1.

Cac két qua cua bude 1 va budc 2 dé don gian, chon phép ngit nghia hoa

tuyén tinh. Két qua duogc thé hién trén hinh 3.3 va hinh 3.4 duéi day:

NB S PS PB
| \ f | |
-180 -90 0 90 180
v ﬁAS) vl(S) v (Il\/l) v fB) v (lAB)
0 0.25 0.5 0.75 1

Hinh 3.3: Ngi# nghia ddu vao Xs

I\llB |z PlB
5 0 +5

v (AS) v (M) v (AB)
| | |
0 0.5 1

Hinh 3.4: Ngi# nghia dau ra ys
Buwoc 3: Xay dung SAM tur hé luat FAM va duoc tap hop vao bang 3.4.
Bdng 3.4. Hé luat SAM

Xs 0,00 0,25 0,50 0,75 0,50

Ys 0,50 0,00 0,50 1,00 0,50

Buwéc 4: CAc gié tri dau ra duoc tinh toan trén co s¢ dudng cong ngir
nghia dinh luong xay dung duoc ¢ budc 3 véi didu kién ban dau Xo. Dé xem

xét kha nang xap xi ham cua phuong phap dé xuét, cac duong cong ngit nghia
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dinh luong C1, C2, C12 lan lugt duoc xay dung nhu trén hinh 3.5 Véi phép
ngit nghia hoa va giai nghia don gian 1 tuyén tinh. Trong dé:

C1 gom 4 doan tuyén tinh di qua 4 cap luat — diém AB, BC, CD, DE;

C2 gdom 2 duong cong parabol di qua 2 b ba luat — diém ABC, CDE (vi
du dudng parabol di qua ABC c6 dang ys = 8Xs2 — 4Xs + 0,5);

C12 gom 4 dudng cong parabol di qua 4 bd ba luat — diém AMB, BNC,
CPD va DQE. Ngir nghia cac lut diém trén cac duong cong ngit nghia dinh
lugng dugc tong hop tai bang 3.5. Toan bo két qua tinh toan dau ra trén co s
phép ngir nghia hoa va giai nghia tuyén tinh duoc dic két trong bang 3.6 va
duoc so sanh véi tiém can mo.

Bdng 3.5. Ngir nghia cc luit diém trén ciac dudng cong ngir nghia dinh lweng

A M B N C P D Q E

Xs | 0,00 | 0,125 | 0,25 [ 0,375 | 0,50 | 0,625 | 0,75 | 0,875 |1,00

ys | 0,50 | 0,24 | 0,00 | 0,24 | 0,50 | 0,86 | 1,00 | 0,86 | 0,50

!

ol-————-—
©
o
°
=
o]
(=]
>

-180° -90°

Hinh 3.5: Cdc dwong cong ngi¢ nghia dinh lwong C1 C2, C12
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Bdng 3.6. Tiép can PSGTvéi phép ngir nghia héa va giai nghia tuyén tinh

Tiép can dai so gia ta voi phép ngir . | Hamphi
nghia hoa va giai nghia tuyen tinh Tiep can mo tuyén
Cl C2 C12

X Xs Ys Yy Vs Yy Vs Yy Vi 10sinx

-135°/0,125/ 0,25 | -5 |0,125| -7,5 | 0,14 |-7,2 -7,0 -7,14
-45° 10,375| 0,25 | -5 |0,125| -7,5 10,14 |-7,2 -7,0 -7,14
45° 10,625/ 0,75| 5 0,875/ 7,5 | 0,86 |7,2 7,0 7,14
135° 10,875/ 0,75| 5 |0,875| 7,5 | 0,86 | 7,2 7,0 7,14

Nhu vay, do chinh xac caa qué trinh xap xi ham bang tiép can BDSGT
phu thudc vao viéc chon dang duong cong ngir nghia. Cac duong C1, C2 la
nhitng dudng cong ngir nghia chua pht hop Véi bai todn xap xi ham cu thé
néu trén va két qua thu duoc toi hon so vai tiép can mo. Duy chi c6 duong
cong ngit nghia C12 cho phép xap xi ham phi tuyén tét hon so vai tiém can
mo truyén thng.

O day, viéc chon dang dudng cong ngir nghia sao cho két qua xap xi tot
nhat lai 1 van dé phac tap. Chinh vi vay can c6 mét giai phap khéc, don gian
hon cho phép giai quyét van dé nay. D6 c6 thé 1a giai phap chon phép ngir
nghia hoa va giai nghia mé rong. Cu thé cho bai toan xap xi ham phi tuyén y
= 10sinx, c6 thé chon phép ngit nghia hoa tuyén tinh nhu d3 néu & trén,
nhung phép giai nghia mé rong dwoc chon véi dang ham phi tuyén cé
tham s dp sau day:
Ya=y+dp.y(ymax—y)(y—ymin)/(ymax—(ymax—ymin)/2)((ymax—ymin)/2—ymin)
dp € [-1 1 ] duwoc chon theo phép the - sai hoic tdi wu; ymax = 10; ymin = -10.

Viéc chon dp theo phép thir - sai trong tinh toan don gian hon nhiéu so
véi viéc chon dang duong cong ngir nghia. Vi du khi dp=0.58, y=5 ta c6:

y¢=5+0.58.5(10-5)(5-(-10))/(10—(10—(-10))/2)((10—(-10))/2—(-10))=7.175
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Két qua tinh toan theo tiép can DSGT voi phép giai nghia mo rong trén

day duoc so sanh véi tiép can mo va dugc trinh bay trong Bang 3.7

Bdng 3.7. Tiép can PSGT véi phép ngir nghia hoa tuyén tinh sp = 0,

nhung phép giai nghia mé rong véi dp=0.58

¥ ., Giai nghia mé
Tiép can DSGT dp=0.58 Tiép can mo
rong
X Y Vs 10sinx
-135° -71.175 -7,0 -7,14
-45° -71.175 -7,0 -7,14
45° 7.175 7,0 7,14
135° 7.175 7,0 7,14

RO rang rang phép giai nghia mé rong da tao ra kha ning xap xi (Bang
3.7) tét hon so v&i phép giai nghia tuyén tinh (Bang 3.6).

Xap xi ham 12 16p bai toan khé rong. Su dung tiép can DSGT véi phép
ngir nghia hoa va giai nghia mo rong giai quyét 16p bai toan nay 1a mot tiép
can méi nham tim hiéu kha ning xap xi ham phi tuyén dya trén luat va so
sanh v&i tiép can mo truyén thdng dé thiy rd tinh wu viét cling nhu han ché
ciia phuong phap dé xuat. Qua vi du xap xi mot ham phi tuyén, cé thé thay
rang: Tiép can BDSGT cho két qua tét hon tiép can mo khi xay dung duoc
phép ngir nghia hoa va giai nghia ma rong hop li. Tir day c6 thé tién dén viéc
giai bai toan xap xi toi wu ham phi tuyén.

3.2. Bai toan diéu khién ha d9 cao mé hinh bay
Phan trinh bay sau day dua trén két qua nghién ciru méi trong [9].
Mo hinh ddng hoc bay tbi gian dugc mé ta trong [6] nhu sau:
hie = hi + Vi (3.4)
Vier = Vi + i (3.5)




o1

Trong d6 vila téc d6; hila d6 cao va fi 1a luc diéu khién tai chu ky diéu
khién i véi i=0, 1, 2.... Quy dao mong mubn duoc thé hién bang quan hé
parabol giira van tbc mong muédn vo; va d6 cao h; nhu sau:

Voi=((-20)/10002)*h? (3.6)

Van dé dit ra 1a: Trén do cao1000 ft , can phai diéu khién ha thap mo
hinh bay (3.4), (3.5) véi van téc ban dau cia md hinh bay 14 —20 ft/s. Chat
luong diéu khién duoc danh gia qua sai s6 toc d6 ha thap d6 cao.

Goi e la sai so toc d6 ha thap do cao qua kchu ky diéu khién:

€ = (z:(:l(vm _Vi)z)ﬂ2 (3.7)

trong d6 Vgi, Vi 13 tdc ddmong mudn va tdc do thuc té tai chu Ky i.
Tiép can diéu khién mo [6]
Hé luat diéu khién mo duoc cho trong Bang 3.8, Bang FAM (Fuzzy

Associative Memory).

Bdng 3.8. Baing FAM

Tocdo v
Do cao h
DL DS Z US UL
L Z DS DL DL DL
us Z DS DL DL
S UL US Z DS DL
NZ UL UL Z DS DS

Trong d6 bién ngdbn ngir PG caohe [0 1000] va cb céc gia tri ngdbn ngir:
Large (L), Medium (M), Small (S), Near Zero (N2).

Bién ngdn ngit Toc déve [-20 20] va co cac gia tri ngdbn ngir: Down
Large (DL), Down Small (DS), Zero (Z), Up Small (US), Up Large (UL).

Bién ngdn ngit Luc diéu khién fe [-20 20] va c6 cac gia tri ngbn ngi:
Down Large (DL), Down Small (DS), Zero (Z), Up Small (US), Up Large (UL).
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Ham thudc caa cac tap mo cua cac bién ngbn ngir h, v, va f duoc biéu thi
trong cac Hinh 3.6, 3.7, 3.8.

Medium Large

Mear Zero Small

[ | | [
200 300 400 S00 BOO 700 800 900 1000 hift)

a 100

Hinh 3.6: Ham thugc cia cac tdp me cia bién h

! Down Large Down Small  Zero Up Small Up Large

1.0

0.8t

0B

0.4f

024

-30 25

Hinh 3.7: Ham thugc cia cac tdp me cia bién v

! Down Large Down Small  Zero Up Small Up Large

1.0

0.8}
06L

0.4

30 25 o0 5 -0 5 0 5 10 15 20 25 30 fiibs)

Hinh 3.8: Ham thugc cia cac tdp me cia bién f
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Cho diéu kién ban dau hy = 1000 ft; vo = -20 ft/s, két qua cua diéu
khién mo trong [6] duoc trinh bay trong Bang 3.9 véi AND = MIN dudi day:

Bing 3.9. Két qua diéu khién sir dung tiép cin mo

Chu | Pécao | Tocdjthucté | Técdp mong | Luwe diéu khién
Ky h v muén Vo f
1 1000 -20 -20.00 5.8
2 980.0 -14.2 -19.20 0.5
3 965.8 -14.7 -18.46 -0.4
4 951.1 -15.1 -17.76 0.3
er 7.15

Sai s6 téc do ha thap do cao ersau 4 chu ky diéu khién cua bo diéu
khién mo duogc xac dinh nhu sau:

er= (Zi=*(voi(F)-vi(F))»)¥* =7.15 (3.8)
Trong do:

Voi(F) : Téc dd mong muén tai chu ky i caa bo diéu khién mo

vi(F): Téc do thuc té tai chu ky i caa bo diéu khién mo

Trong bai toan diéu khién ha do cao mé hinh bay (3.4), (3.5), cac gié tri
ngdn ngit cua cac bién ngbn ngit 6 cao h, téc do v va luc diéu khién f chuyén
sang cac hang tir twong tng caa DSGT dugc trinh bay trong Bang 3.10

Bdng 3.10. Cac gia tri ngbn ngir twong &ng véi cac hang tir cia PSGT

Do cao h Toc do v Luc diéu khién f
[0,1000] [-20, 20] [-20,20]
NZ => Absolute Small | DL => Absolute Small | DL => Absolute Small
S => Small DS => Small DS => Small
M => Medium Z => Medium Z => Medium
L => Absolute Large | US => Large US => Large
UL => Absolute Large | UL => Absolute Large
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Trong [8] d4 dwa ra bang SAM c6 diéu kién md ta dung dian quan hé
dinh lugng parabol ( dam bao ha thap d¢6 cao md hinh bay ) gitta téc dé v va
dé cao h véi cac tinh chét sau:

P1. 1 gi tri toc d6 v twong tng vai 1 va chi 1 gié tri do cao h.

P2. Néu tdc @6 v giam, Thi d6 cao h ciing giam.

Phuong trinh dong hoc (3.4), (3.5) ¢6 cac tinh chat sau:

P3. 1 gia tri téc dé v va 1 gia tri d6 cao h twong tng vai 1 va chi 1 gia tri
lire diéu khien f.

P4.M6 hinh bay bat dau ha thap d6 cao véi toe do ban dau v(0) la gia tri
tbc d6 16n nhat cua khoang xac dinh vé toc do va véi do cao ban dau h(0) la
gia tri 16n nhat cua khoang xéac dinh vé do cao.

P5. Néu toc dé v tién dén 0 va dg cao h tién dén 0 Thi luc diéu khién f
tién dén 0.

Bdng 3.11. Bang SAM théa quan hé parabol giira téc dg v va dé cao h

“1 000 0.25 0.50
hs
1.00 0.50
0.50 0.50
0.00 0.50

Nhu vay hé luat diéu khién trong bang SAM (Bang 3.11) don gian hon,
nhung hop 1y hon do thoa man rang budc vé quan hé parabol gitra téc dé v va
dé cao h so véi hé luat diéu khién trong bang FAM (Bang 3.4 ). Chinh vi vay
cac két qua thu duogc trong [8] dugc md ta trong Bang 3.8 chinh xac hon rat

nhiéu so véi két qua cua tiép can mo [6] trong Bang 3.5.
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Bdng 3.12. Két qua sir dung PSGT véi phép ngir nghia héa va giai nghia
tuyén tinh khi AND=MIN va AND=PRODUCT] [8]

Chu Dé cao Toc dp ] Lllfrc] dieu

ky h v Técdp 1{"”
Mong muén
MIN PRODUCT MIN PRODUCT MIN PRODUCT
1 1000 1000 -20 -20 -20 0.8 1.20
2 980.0 [980.0 -19.2 |-18.8 -19.20 0.77 |1.06
3 960.8 |961.2 -18.43 | -17.7 -18.46 0.74 |1.02
4 942.4 | 9435 -17.69 |-16.6 -17.76 0.71 |0.95
€HAC 0.13 0.93

Sai s tdc do ha thip d6 cao epacsau 4 chu ky diéu khién cua bo diéu
khién sir dung DSGT véi phép ngir nghia hoa va giai nghia tuyén tinh [8]
duoc xac dinh nhu sau:

enac = (Zi=1*(Voi(HAC) - v;(HAC))?)"2

AND = MIN :eyac=0.13

AND = PRODUCT :eyac= 0.93

Tuy nhién cdc phép ngir nghia hoa va giai nghia trong [8] hoan toan

(3.9)

tuyén tinh. Uu diém cua chung 1 tinh toan don gian, nhung tuyét d6i khong
c6 kha ning ndo anh hudng nao dén qua trinh diéu khién. Han ché nay s&
dugc khiac phuc khi sit dung phép gidi nghia mé réng trong bai toan diéu
khién ha thap d6 cao md hinh bay. Ngoai ra, dé tinh toan don gian, & day gii
nguyén phép ngit nghia hoa tuyén tinh. Cy thé nhu sau:

a. Phép ngir nghia hoa tuyén tinh cac bién ngdn ngit décao h, téc dé v va luc
diéu khieén f

hs=h/1000 (3.10)
vs = (v +20)/40 (3.11)
fs= (f +20)/40 (3.12)
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b. Phép giai nghia m¢ rong theo
£y =F +dp(20 ). (F ~Fmin)/ (Frnaxc=Fii) (3.13)
f = 40f, — 20 (3.14)
Trong d6 finax = 20 va fimin = -20
Két qua tinh todn véi AND = MIN va AND = PRODUCT

Déi véi bai toan ha thap do cao mé hinh bay [6], md hinh tinh toan cua
tiép can PSGT duoc xay dung cho cac bién ngdn ngit dé cao h, toc dé v va
liec diéu khiénf tuong tu [7, 8] Véi cac diéu kién ban dau nhu sau:
C={0,Small, 6, Large, 1}; H = { Little} = {h.,} ; H" = {Very} ={ h.}

Cho truéc Oe [0.25 0.75] ;e [0.25 0.75]; B = 1- a
u(Very) = 1- a; u(Little) = a;

Sai s6 toc d ha thip do cao epacpsau 4 chu ky diéu khién cua bo diéu
khién st dung DSGT véi phép ngit nghia héa tuyén tinh va phép giai nghia
mé& rong dugc xac dinh nhu sau:
eincap = (Zi=1*(Voi(HAC) - vi(HACdp)))¥2 (3.15)

Trong do:

Voi(HAC) = vgi(F): Tdc dd mong mudn tai chu ky i cua bo diéu khién st dung
DSGT ciing nhu diéu khién mo.

Vi(HACdp): Téc do thuc té tai chu ky i cua b diéu khién st dung DSGT voi
phép giai nghia mao rong.

Trén co sé cac biéu thuc (3.10), (3.11)...., (3.14), chuong trinh tinh
toan t6i wu b tham sé 0, o cia PSGT va tham sé giai nghia mé rong dp(i)
cho 4 chu ky diéu khién i= 1, 2, 3, 4 theo nghia:
eiaca = (S=1*(Voi(HAC) - vi(HACP))?)¥2 — min (3.16)
Bai toan téi uu hoa (3.16) duoc giai bang thuat todn GA trong MATLAB.

Phan Phy Luc md ta chuong trinh ha thip ¢6 cao mé hinh bay téi wu.
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Két qua diéu khién qua 4 chu ky diéu khién dugc md ta trong Bang
3.13. Bo tham s6 t6i wu cua PSGT tim duge trén co s thuat toan GA nhu
sau: 0* = 0.352, a* = 0.417 (AND=PRODUCT va AND=MIN )

Tham sé ngit nghia hoa phi tuyén téi vu trén ting chu ky diéu khién
cling dugc tim dugc trén co so thuat toan GA nhu sau:
dp*(1) = 0.0881, dp*(2)= 0.0734, dp*(3) = 0.0640, dp*(4) = 0.0562
Bdng 3.13. Két qua sir dung PSGT véi phép ngir nghia héa tuyén tinh va

giai nghia mé rong

. Lurc diéu
Chu D¢ cao Toc do ,
Téc dé khién
Ky h v ) )
Mong muén f
MIN PRODUCT MIN PRODUCT MIN PRODUCT

1 1000 1000 -20 -20 -20 0.831 | 0.831
2 980.0 |980.0 -19.17 |-19.17 |-19.21 0.734 |0.734
3 960.8 |960.8 -18.44 |-18.44 |-18.46 0.639 | 0.639
4 942.4 942 .4 -17.79 |-17.79 |-17.76 0.562 | 0.562
eHACdp 0.0591 | 0.0591

Sai s6 toc do ha thap do cao exacdp

Khi AND = MIN :enacqp= 0.0591

Khi AND = PRODUCT :enacgp= 0.0591

Bo diéu khién st dung DSGT cho bai toan ha thap do cao mé hinh bay
(3.3), (3.4) Vi phép ngir nghia héa tuyén tinh (3.10), (3.11), (3.12) va phép
giai nghia mo rong (3.13), (3.14) duoc so sanh véi b diéu khién mo [6], bo
diéu khién st dung DSGT v&i phép ngit nghia hoa va giai nghia nghia hoan
toan tuyén tinh [7, 8].

Két qua so sanh dugc trinh bay trong Bang 3.14.
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Bdng 3.14. So sanh cac phwong phap diéu khién ha @9 cao md hinh bay

. . Piéu khién sir
i Dieu khién s Dieu khién s dung DPSGT
Dieu dung DSGT véi | dung DSGT v6i | voi phép ngix
Phwong . R \ . ~ - . ~ - . 1z
hap khién m¢ | phép ngir nghia | phép ngir nghia nghia hoa
P [6] héa va gidi nghia | héa va gidi nghia | tuyén tinh va
tuyén tinh [7] tuyén tinh [8] gidi nghia mé
rong
Sai so0| AND =] AND=MIN AND=MIN AND = MIN
téC do MIN enac = 2.92 enac = 0.13 EHACdp = 0.0591
er=7.15 | AND=PRODUCT | AND=PRODUCT | AND = MIN
EHAC = 0.89 €HAC = 0.93 EHACdp = 0.0591

Bai toan diéu khién dugc xem xét giai quyét theo quan diém mo rong
phép ngir nghia hoa va phép giai nghia tir tuyén tinh sang phi tuyén. Két qua
diéu khién ha do cao mé hinh bay dugc tong hop tai Bang 3.14. Rd rang rang:
Bo diéu khién sir dung PSGT dugc thir nghiém trén quan diém nay ddi véi
bai toan diéu khién ha do cao mé hinh bay c6 do chinh xac cao hon rét nhiéu
S0 V&i bo diéu khién mo hay bo diéu khién s dung DSGT véi cac phép ngir
nghia héa va giai nghia thuan tdy tuyén tinh,

Phuong phap diéu khién dua trén DSGT vé6i quan diém mai nay cho
phép diéu khién véi kha nang mém déo hon trén co sé tham sé hoa cac phép
ngit nghia hoa va giai nghia m& rong. Hon nira ¢ rat nhiéu cach chon ham
phi tuyén cho céc phép ngir nghia hoa va giai nghia. Piéu ndy mé ra hudng
tng dung rong rai DSGT trong cac bai toan diéu khién voi mic do théng
minh hon, nhung dong thoi dam bao d6 chinh xéac cao hon.

3.3. So s&nh phwong phap lap luan mo va lap luan sit dung PSGT
trong diéu khién

Pong hoc hé thdng phic tap dugc mo ta bang moét hé mo do khéng thé
mé ta bang mod hinh toan hoc truyén théng nhu phuong trinh vi phan. C6

nghia 1a d6ng hoc dugc biéu dién bang mé hinh ngdn ngir dudi dang tap hop
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cac luat. Goi R 12 mot quan hé duoc tao ra bai tap luat, X 1a vecto dau vao mo

va Y 1a vecto dau ra mo. Khi d6 quan hé vao-ra cia hé mo duoc hinh thanh

boi phuong trinh quan hé mo sau day:

Y = XR

(3.17)

Hodc: % ——V; X =[x, %0 %] 3 Y =[Vo Vareons Vo]

Phuong phap 14p luan bang logic mo
trong diéu khién

Phuong phép lap luan bang dai sb
gia tir trong diéu khién

Kh6 moé ta duogc rd rang hanh vi, dong
hoc cua hé thong vi:

Hanh vi, dong hoc cua h¢ théng duoc
thé hién qua dudng cong (ham) ngit
nghia dinh luong. Mdi luat 12 mot diém
trén duong cong nay.

C6 nhiéu ham kéo theo md dé tinh quan
hé mo R;,

Phép kéo theo duoc thé hién br?mg mot
diém trén dudng cong ngit nghia.

C6 nhiéu cach két nhap @R véi nhiéu t
- chuan (t - d6i chuan) 1am cho quan hé
R khé tuy tién,

C6 thé xdy dung chi mot vai t - chuan (t
- d6i chuén) cu thé.

C6 nhiéu cach hop thanh voi cac két qua
da dang.

Phép hop thanh 1a phép ndi suy don
gian.

C6 nhi€u cach m¢ hoda va gidi mo phuc
tap voi cac két qua khac nhau.

Phép nglt nghia hoa va gidi nghia don
gian.

Viéc lua chon cac khau & trén la hoan
toan dya trén truc cam, kinh nghi¢m.
Nhu vay tir cip (X, Y) c6 rat nhiéu quan
hé R khac nhau thoa man (*).

Co tinh hé théng cho viéc chon cac khau
& trén thong qua bo tham sb.

Khong bi anh hudéng boi nhimg yéu to
chi quan tiy tién nhu tiép can mo

Céc tap mo dat trén tap nén khong c6 mot
tiéu chi thong nhat dé co thé sap thir tu
tuong ty nhu thur tu von ¢6 clia tap nén.

Ngit nghia c¢6 tht tu va quan hé mém
déo v&i nhau thong qua bo tham s6. Pay
1a tinh chét c6 loi cho nhitng tng dung.
do1 héi do chinh xac cao.

Hinh déng cac ham thudc da dang co thé
lam tang sai s6 suy luan cua céc lut.

Khong str dung ham thudc.

Tap mo khong cé thtr tu tuong tng 1:1
trén tp nén.

Ngit nghia c6 phan bd theo thir ty trén
tap nén va c6 tuong tng 1:1.

Kho dinh nghia chinh xac tinh mo

Dinh nghia tinh m¢ khé tryc quan dua
trén kich c& cua tdp H(x) do quan niém
bién ngdn ngir 14 mot dai sd gia tir.
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Tu nhitng phan tich, so sanh trén, c6 thé thiy rang phuong phap 1ap luan
dung dai s gia tir trong diéu khién co rat it cac yéu té anh hudng dén qua
trinh 1ap luan va bai toan 1ap luan mo dugc chuyén vé bai todn noi suy théng
thuong nho ham nglr nghia dinh lugng. Vi vay phuong phap 1ap luan dung dai
sb gia tor c6 @6 chinh xac cao hon trong mot sé wng dung cu thé cua diéu
khién [ 3, 4, 5] so véi phuong phap 1ap luan ding 1dgic mo.

3.4. Két luan

Trong chuong nay, luan vin di trinh bay 2 ung dung cu thé sir dung
DPSGT trong xap xi ham va diéu khién mo hinh ha thap do cao d6i tuong bay
véi phép ngir nghia hoa tuyén tinh nhung phép giai nghia mé rong. Hiéu qua
dugc danh gia qua sy so sanh véi truong hop BDSGT voi cac phép ngit nghia
héa va giai nghia thuan tdy tuyén tinh va ciing so sanh vai cach giai quyét cua
tiép can mo. Két qua thu duoc khang dinh hiéu qua tét hon khi ung dung phép

nglr nghia hoa va giai nghia mé rong trong cac bai toan néu trén.
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Nhirng hwéng nghién ctru tiép theo

Diéu khién str dung dai sb gia tir 1a mot hudng nghién ctu méi trong
khoa hoc diéu khién. Két qua di duoc chitng minh cu thé trong luan vin
“Piéu khién duya trén Dai s6 gia tir v6i phép ngir nghia héa va phép giai nghia
m& rong” rd rang rang phuong phap diéu khién ding ly thuyét dai sb gia tir
cho phép dat dugc két qua tét hon han so voi phuong phap diéu khién mo
truyén thong trong mot sé tng dung cu thé.

Mo rong bai toan ung dung BDSGT vai phép ngir nghia hoa va giai nghia
mé réng cho nhiig linh vyc Diéu khién du béo.

Véi nhitng vu diém trén co6 thé dua dai sé gia tir vao nhiéu bai toan diéu
khién thdng minh khac nhau nhu diéu khién thich nghi, diéu khién bén viing.

Piéu khién st dung dai sé gia tir hién dang 1a mot huéng nghién ctu
nhiéu tiém ning ¢ng dung va cd thé xem xét lai hang loat van dé lién quan
nhu nhan dang mé hinh, udc lugng trang thai, du bao chudi thoi gian mo, ...
trén quan diém dai s6 gia tu.

Nhitng két qua da dat duoc trong luan vin cho phép ung dung dai s6

gia tir trong k¥ thuat diéu khién cac ddi tugng phic tap trong cong nghiép.
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KET LUAN CHUNG

Nhu d3 trinh bay trong phan m& dau luan vin, dé tai “Nghién ctu ung
dung dai sb gia tir trong diéu khién” 13 mot dé tai con mo. Nhiing ung dung
cia DSGT cho dén nay, chii yéu dua trén phép ngir nghia hoa va giai nghia
tuyén tinh. Diéu ndy han ché tinh mém déo cua DSGT. Luén vin dya trén
nghién ctu trong [9] di trinh bay don gian, cu thé va rd rang van dé mé rong
phép ngir nghia hoa va giai nghia tir tuyén tinh sang phi tuyén. Tir d6 tao tién
dé cho tinh thdng minh trong cac (ing dung noéi chung va diéu khién noi riéng.

Trong ban luan vin nay, tap trung vao mot sb van dé sau:

e Nghién ctu ly thuyét mo, bo diéu khién mo va ung dung cua nd
trong bai toan diéu khién.

e Nghién cau ly thuyét dai sé gia tir va tng dung dai sb gia tir trong
bai toan diéu khién.

e Xay dung phuong phap diéu khién st dung dai s6 gia tir trong bai
toan “ Biéu khién md hinh ha thap d6 cao ddi twong bay ” véi phép
nglt nghia hoa va giai nghia mé rong.

e Hiéu qua caa phuong phap diéu khién néu trén dugc thé hién qua

viéc so sanh véi phuong phap diéu khién mo truyén thong.

Tuy nhién véi trinh d6 va thoi gian ¢d han nén luan van khong tranh
khoi sai sot. Vi vay toi rat mong nhan duoc su giup d& cua céc thay giao, co

gido va cong tac cua dong nghiép.

Cudi cung, mot 1an nita ti Xin chan thanh bay to 10ng biét hon sau sic
dén thay gido hudng dan TS. Vii Nhw Lén, cac thay gido, cd gido Vién Cong
nghé thong tin, cac thay co gido truong Pai hoc Cong nghé thdng tin va
truyén thong Thai Nguyén va cac anh, chi, ban beé, ddng nghiép da gitp d& toi

hoan thanh luan van nay.
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PHU LUC

CHUONG TRINH TINH TOAN HA THAP PO CAO MO HINH BAY TOI UU
function [ y ] = HacanhDphituyenOHAP3moitot (x)
fmax=20
fmin=-20
h(1)=1000
v(l)=-20
teta=x(1)
anpha=x(2)
for i=1:n
hs (1)=h (i) /1000
vs (1)=(v(1)+20) /40
dp (1) =x(3)* (i+1)/ ((1i+2)"2+1)
if (teta-anpha*teta) *teta>=hs (i) *vs (i) >=0
fs(i)=0.5;
f(1)=40*fs (1) -20;
fd(i)=f(i)+dp (1) * (fmax-f (1)) *(f(i)-fmin)/ (fmax-fmin)
end
h(i+1l)=h(i)+v (i)
v(i+l)=v(i)+£fd (i)
vop (1)=(-20/1000"2) * (h (i) "2)
e(i)= vop(i)-v(i)
e2(i)=e (i) "2
TBP=sum (e?2)
y=TBP" (1/2)
fd
fs
f
plot (h,v)
plot (£d)

end



