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MO DAU

Chuong trinh bay phan mo dau ngan vé muc dich cua sach va gioi thiéu tom tat
cac chuong. Pong thoi cung cap thong tin vé kién thirc can trang bi cho nguoi doc.
Cubi cung, gidi thiéu phan hd tro tir cac trang WEB va tir MATLAB.

1. H@ thong diéu khién truyén thong

Ly thuyét diéu khién truyén théng dung cac mé hinh toan hoc nhu phuong trinh
vi phan va phuong trinh sai phan, theo d6 cac phuong phép va thu tuc thiét ké phan
tich va kiém nghiém hé thong diéu khién dd dwoc phat trién. Tuy nhién, cic phuong
phap nay chi ing dung dugc trong mét 16p nho cac mo hinh (m6 hinh tuyén tinh va
mot s6 dang dic biét cia mo hinh phi tuyén) va thuong khong ung dung duoc néu
khong tim ra duwoc mo hinh ctia dbi trong hay qua trinh diéu khién. Ngay khi ¢6 dugc
m6 hinh chi tiét trén nguyén tic thi van chua c6 duoc phuong phap thiét ké nhanh va
lubn can dén viéc mé hinh héa ti mi, nén can phat trién cac huéng khac trong thiét ké.

2. Heé diéu khlén thong minh

Thuét ngit “ Piéu khién thong minh” da dwge gidi thiéu trong khoang ba thép
nién véi cac phuong phap diéu khién c6 muc tiéu tham vong hon so voi cac hé théng
truyen thong. Trong khi h¢ thong truyen thong thudng can cac chi tiét du nhiéu du it
vé qua trinh diéu khién thi hé théng diéu khién thong minh c6 thé diéu khién mot cach
tu chu cac hé thong phuc tap, cac qua trinh chua dugc hiéu biét nhiéu thi du nhu vé
muc tiéu diéu khién. Hé thong nay con hoat dong dugc khi h¢ théng c6 su thay déi vé
tham s6 hay moi truong diéu khién, théng qua qua trinh hoc tir kinh nghiém, tiép thu
va to chirc kién thire vé moi trrong xung quanh va hanh vi sdp toi cta hé thong. Cac
muc tiéu day tham vong ndy, xuat phat tir mong mudn bat chudc kha nang tuyét voi
clia ndo bd con ngudi, ma thue ra cho dén gid nay thi chua c6 hé thong diéu khién
thong minh nao 1a c6 the dat t6i duge. Hién nay, y niém “thong minh” thuong duoc
ding cho dé chi mot s ki thuét co ci nguon la linh vyc tri tu¢ nhan tao (artificial
intelligence Al), c6 muc ti€u 1a bt chude mot sd phan tor co ban cua tri tué€ nhu ly ludn
(reasoning), hoc (learning), v.v,.. Trong d6 phai ké dén mang norén nhan tao, hé
chuyén gia, h¢ logic mo, mo hinh dinh tinh, thuét toan di truyén va nhiéu t6 hop tir cc
phuong phap nay. Trong mot s6 truong hop, cac ki thuat nay da thuc sy dong gop cho
hé thong mot sé kha nang théng minh, con cac truong hop khac thi chi don thuan 1a
phuong tién bleu dién cac luat didu khién phi tuyén, mé hinh cua qua trinh diéu khién
hay cac yéu t6 bat dinh. Truong hop sau tuy khong dong gop maot cach rd rang vao
muc do thong minh cua hé thong, ‘nhung cac phuong phap trén van rat hiru ich. Chung
da 1am phong phu hoéa linh vic diéu khién thong qua céc so d6 biéu dién khac nham co
dugc cac thong tin dac thu tur d6i tuong diéu khién ma cac phwong phép truyén théng
khong thé c6 duoc trén co s& clia hé phuong trinh vi phén va sai phan. Tai liéu nay
quan tam dén hay cong cu _quan trong 1a h¢ thong diéu khién m& va mang norén. Diéu
khién mo 1a mot thi du vé cac biéu dién kién thirc con ngudi qua cac luat cling qua
trinh dién dich tuong tng. Mang nordon nhan tao co thé thuc hién dugc tac dong hoc
phirc tap va nhiém vy thich img bang cach bat chudc chirc niang ciia hé thong nordn
sinh hoc.



Muc dich ctia phan nay 13 gidi thiéu ngan vé hai linh vuc nay cing véi nguyén Iy
co ban cua thuat toan di truyén.

3. Toéng quan vé hé thong diéu khién

H¢ logic mo (Fuzzy logic) m6 ta quan hé dya trén luat néu—thi (if-then rules), thi du
nhu “ néu mo van nong thi nhiét do tang”. Sy nhép nhang (khong xac dinh) trong dinh
nghia cia cac thira s6 ngon ngi (thi du, nhiét dé cao) dugc biéu dién thong qua tdp
mo, 14 tap co cac bién chong khép, xem hinh 1.1. Theo ¥ nghia cua tip md, thi mot
mién phan tir c¢6 thé dong thoi nam trong nhiéu tap (véi cac cip d6 tham gia khac
nhau). Thi dy ¢ = 20°C nam trong tap nhiét d6 Cao c6 ham thanh vién 1a 0.4 va trong
tap nhiét d0 Trung binh vo1 ham thanh vién 1a 0.2. Sy thay ddi tir ham thanh vién sang
khong tham gia cho mot két qua suy dién min dung luat mo néu-thi; thuc ra 1a mot
dang ndi suy.

Hé logic mo thich hop dé biéu dién kién thtrc dinh tinh, c6 thé tir chuyén gia (trong
hé diéu khién mo dung nén tri thirc) hay co thé lay tu dong tir dit liéu (quy nap, hoc).
Truong hop nay thuat toan xau chudi mo thuong duoc dung dé phan chia dit liéu thanh
nhom céac dbi tuong giéng nhau. T d6, tim dugc tap mo va cac luat néu-thi cho cac
phan hoach nhu mé ta ¢ hinh 1.2. Phuong phap cho s6 luong 16n cac dir licu nhiéu
chiéu duoc lam gon, tao ra cac tom tat dinh tinh. Nham gia tang tinh mém déo cing
kha nang biéu dién, c6 thé tim duoc mé hinh hdi qui tir phan hé qua cua luat (thuong
dugc goi la hé mo Takagi—Sugeno).

4 Di lidu Lut:

"a's = If x is A,
R R —> then y is B,

o Fo o ° If x is A,
- = then y is B,

Hinh 1 1 Phép =éu chudi mév cé thé ding dé rit ra cac Iuét dinh tinh néu -thi
fiy div liBu 28 hoc

Mang nordon nhén tao (Artificial Neural Networks) 1a cac m6 hinh don gian bat chudc
chirc nang cua hé noron sinh hoc. Trong hé logic mo, thong tin dugc biéu dién mot
cach tuong minh theo dang néu-thi, con trong mang nordn, thong tin nay duoc ‘ma
héa’ mot cach khong twong minh thanh cac thong s6 mang. Khac v0i cac ky thuét
dung nén tri thirc (knowledge-based techniques), trong mang khong can c6 kién thirc
an nao khi tmg dung. Uu diém 16n nhét 13 kha ning hoc cac quan hé chirc ning phtc
tap bang cach tong quat hoa tir mot lwong gidi han cua dir liéu huan luyén. Mang
nordn hién c6 thé ding 1am mé hinh (dang hop den) cho hé phi tuyén, da bién tinh va
dc}pg va c6 thé duge huin luyén dung chinh tap dir liéu vao-ra quan sat duoc tir h¢
thong.



Hinh 1.3: Mang norén nhitu lép

Hinh 1.3 trinh bay dang mang truyén thang thuong gip, gdm nhiéu 16p chira nhiéu
phan tir xir Iy don gian duoc goi 1a nordn, lién két ndi thong qua cac trong luong chinh
dinh dugc. Thong tin c6 duogc tr anh xa vao-ra cia mang dugc luu trit trong cac trong
lrong nay. Ngoai ra con c¢6 cac kién trac mang khac, nhu dang mang nhiéu 16p ¢
phan hdi, mang Hopfield va mang tu to chirc. Mang nordén va hé md thuong co thé két
hop trong hé norén-mo (neuro-fuzzy) nham két hop mot cach hiéu qua ky thuat dung
luat dinh cung véi thuat hoc tir dir liéu.

Thuét toan di truyén (Genetic algorithms) 13 k¥ thuat t5i wu héa ngiu nhién dua trén
thuyét tién hoa va kha nang tdn tai ciia tu nhién. Céc nghiém cua bai toan dugc ma
hoa thanh chudi nhi phan hay thanh cac sé thuc. Tinh khép (fitness) vé chét luong,
tinh nang cua cac dap sd riéng biét duoc wdc lwong qua cac ham khép (fitness
function), duoc dinh nghia tir ngoai do ngudi ding hay tir cac thuat toan cip cao hon.
Ca thé khép nhat trong trong nhom (population) cac nghiém dugc san sinh ra
(reproduced) dung cac toan tir di truyén nhu trao doi chéo (crossover) va dot bién
(mutation). Theo hudéng nay thi c6 dugc mot thé hé méi cac ca thé khép nhét va toan
chu ky lai dugc khoi dong lai (xem hinh 1.4). Thuét toan di truyén da duogc chimg t5 1a
hiéu qua trong qué trinh tim kiém trong khéng gian nhiéu chiéu va duoc ung dung
trong nhiéu linh vuc, bao gff)m viéc t6i uu hoa cau trac bd didu khién, tinh chinh tham
sd trong hé diéu khién phi tuyén, v.v,... Trong gido trinh ndy, ta chua ban dén thuét
toan di truyén.
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4. To chirc cia tii lidu

Tai lidu duoc t6 chirc thanh tim chwong. Chuong 2 trinh bay nguyén Iy co ban
cta Iy thuyét tap mo. Chuong 3 gi6i thiéu cic dang hé md khac nhau cung Gng dung
trong mé hinh hé théng dong. Ky thuit tAp mo rat hitu ich khi phén tich dir liéu va
nhan dang mau. Tiép dén, churong 4 gidi thiéu cac y niém co ban vé phuong phap xiu
chudi mo (fuzzy clustering), duoc dung trong ki thuat kién tao mé hinh mo tir dit liéu.
Céc k¥ thuat kién trac dung dit liéu duoc dé cap trong chuong 5. Bo didu khién c6 thé
duoc thiét ké khong can mo hinh dbi twong. Chuong 6 dé cip dén cac bo didu khién
md khong can mé hinh ddi twong trén co s bién ngdn ngir. Chuong 7, giai thich cac
thuat nglt cung kién trac va viéc huén luyén mang nordén nhan tao. Cac mé hinh noron
va mo co thé dung trong thiét ké diéu khién hay ding nhu mot phan cua cac so d6 diéu
khién c6 ding mo hinh nhu gioi thi€u trong churong 8.

Mong mudn cua tac gia la gioi thiéu cac thong tin mdi (ky thuat mo va mang
noron) ma khong can c6 kién thure tién quyét dé hiéu duogc giao trinh. Tuy nhién, doc
gia can co kién thic vé toan giai tich (ham don va da bién), dai sd tuyén tinh (hé
phuong trinh tuyén tinh, nghiém binh phuong tdi thiéu) va kién thirc vé& diéu khién va
hé théng (h¢ dong, phan hoi trang thai, diéu khién PID, phuong phép tuyén tinh hoa).

5. Cac hd trg tir WEB va Matlab

Tu liéu trong sach dugc cung cip tir trang Web chira cac thong tin cua bai giang
‘Knowledge-Based Control Systems’ (SC4080) tai Delft University of Technology,
cung mot sd tu lidu download (MATLAB tools and demos, tom lugc bai giang, cac thi
du). Dia chi (http://dcsc.tudelft.nl/"sc4080). Sinh vién hoc 16p nay dugc phép (va
khuyén khich) muon phin MATLAB Classroom Kit ding cho may tinh tai nha riéng
trong thoi gian theo hoc.

6. Tailiéu can doc

» Harris, C.J., C.G. Moore and M. Brown (1993). Intelligent Control, Aspects of
Fuzzy Logic and Neural Nets. Singapore: World Scientific.
= Haykin, S. (1994). Neural Networks. New York: Macmillan Maxwell International.
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= Jang, J.-S.R., C.-T. Sun and E. Mizutani (1997). Neuro-Fuzzy and Soft Computing;
a Computational Approach to Learning and Machine Intelligence. Upper Saddle
River: Prentice-Hall.

» Klir, G.J. and B. Yuan (1995). Fuzzy sets and fuzzy logic, theory and applications.
Prentice Hall.

» Passino, K. M. and S. Yurkovich (1998). Fuzzy Control. Massachusetts, USA:
Addison-Wesley.

= Zurada, Jacek M., Robert J. Marks Il and Charles J. Robinson (Eds.) (1994).
Computational Intelligence: Imitating Life. Piscataway, NJ: IEEE Press

7. Loicamta

Tac gia hét sttc cdm on cac dong nghi¢p da doc ban thdo va dong gop y kién,
ciing nhu y kién phan hoi ciia nhiéu ban sinh vién da gitp cai thién dugc tai li¢u.
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CHUONG HAI: TAP MO VA CAC QUAN HE

Chuong cung cap phan m¢ dau vé tdp mo, quan hé mo, va cac toan tir trong tap
mo. Pé hiéu 13 thém, tim doc (Klir and Folger, 1988; Zimmermann, 1996; Klir and
Yuan, 1995).

Zadeh (1965) gidi thiéu 1y thuyét vé& tdp mo nhu mot chuyén nganh toan hoc,
cho du cac y tudong nay dd duwoc nhiu nha luan Iy va triét gia thira nhan (Pierce,
Russel, Lukasiewicz,v.v,..). Phan téng quan d& hiéu c6 thé tim trong “Readings in
Fuzzy Sets for Intelligent Systems”, Prade va Yager (1993), nha xuét ban Dubois. Cac
huéng nghién ctru sau vé tdp mo bat dau tir thap nién bay muoi cua thé ky trude véi
nhiéu tng dung trong diéu khién va cac chuyén nganh k§y thuat khac.

1. Tap mo

Trong Iy thuyét vé - tap binh thuong, tap thuc (khong mo), cac phan tir c6 thé ndm hoan
toan hay khong nam hoan toan trong tap nay. Nhic lai, ham thanh vién u,(x) cua x
trong tap truyén théng A, 14 tip con cua vii tru X, thi dugc dinh nghia la:

) {1, x €A,
H\X)=
0, x¢A, 2.1

Piéu nay c6 nghia 1a phan trx co thé 1a thanh vién cua tp 4 (u,(x) = 1) hay khéng
(u4(x) = 0). Viéc phan lop chac ché€ nay thuong dung trong todn hoc va cac khoa hoc
c6 dung cac dinh nghia chinh x4c. Ly thuyét vé tap thyuc (tp thong thuong) bd sung
thém phan logic hai gia tri, nhdm trinh bay van dé 1a dung hay sai. Logic toan hoc
thudng nhan manh dén viéce giir gin gia tri chuan va dung v6i moi dién dat, trong khi
trong cudc séng thuc va trong cac bai toan ky thuat, thi lai c6 yéu cau giir gin thong tin
tir tinh huéng. Trong nhiing trudng hop nay, thi khong nhat thiét 1a phai x4c dinh 16 1a
phan tir phu thugc hay khong phy thude vao tap.

Thi du, néu tip 4 biéu dién s6 may PC qua mac so véi sinh vién, thi tap nay
khong co6 bién 16 rang duoc. Dinhién, ta c6 thé néi gia PC 1a $2500 1a qua dic, nhung
cac gia PC 1a $2495 hay $2502 thi sao? Gia cac PCs ¢6 la qua diac hay khong? Nhu
thé, bién co thé dwoc xac dinh 13 trén ngudng nay thi 1a gia dic cho cac sinh vién trung
binh, thi dy $2500, va du6i ngudng nay la khong dic, thi du $1000. Giira cac bién nay,
ta con c6 gia khac khong thé noi 16 rang 1a qua dic hay khong. Trong nguéng nay, co
thé dung thang diém danh gia cac may c6 gia qua dac. Lic ndy co thé dung tap mo,
trong d6 cac ham thanh vién duoc cho diém trong khoang [0,1].

Mot tap md A 1 tap co cac thanh vién dugc cho diém trong khoang thuc: z14(x)
e [0, 1].

Tire 13 cac phan tir co thé thudc vao tdp mo voi mot mire do nao do. Nhu thé, tap mo
c6 thé dung lam biéu dién toan hoc cho cac ¥ niém chua 13, thi du nkiét do thdp, nguoi
hoi cao, xe hoi ddc tién, v.v,...

Dinh nghia 2.1 (Tap mo -Fuzzy Set) Mét tdp mo A trong vii tru (mién) X la tdp dwoc
dinh nghia boi ham thanh vién u,(x) la anh xa tw vii tru X vao mot khoang don vi:
wa(x) X — [0, 1]. (2.2)



F(X) dinh nghia tdt cd cdc tdp mo trong X.

Néu gia tri cia ham thanh vién, dugc goi la murc thanh vién la bﬁng mot, thi x phu
thudc hoan toan vao tdp mod. Néu gia tri nay 1a khong thi x khong phu thudc vao tap.
Néu mue do thanh vién nang gitta 0 va 1, thi x 1a thanh phan cua tap mo:

=1 15 a full member of 4
palr) s € (0,1) x 15 a partial member of 4 (2:3)
=1 x 1s not member of A4

Trong cac tai liéu vé Iy thuyét tip md, cac tip binh thuong (khong mo) thuong duge
goi 1a tap thuc (crisp) hay tp cing (hard sets). C6 nhiéu ky hiéu dugc dung dé chi
ham thanh vién va mtrc tham gia nhu p(x), A(x) hay doi khi chi la a.

b fud dic

Hinh 2.1: T8p mé bidu difn gid PC qué dic cho
sinh vien

Thi du 2.1 (Tap mo - Fuzzy Set) Hinh 2.1 trinh bay ham thanh vién c6 duogc tur tap
mo ding bicu dién gia PC qud ddc cho sinh vién.

Theo ham thanh vién nay, néu gia may duoi $1000 thi 16 rang 1a khong qua dic,
va néu gia may 14 trén $2500 thi hoan toan 1 qua dic. O giita, co thé thay duoc muc
do thanh vién gia tang cua tap mo qua déc. RS rang la khong can thanh vién 1a phai
tang tuyén tinh theo gi4, hay 1a can c6 viée chuyen giai doan khong min tir $1000 sang
$2500. Chu y la trong cac trng dung k¥ thuat, viéc Iya chon ham thanh vién cho tap mo
thuong la tuy y.

2. Dac tinh cua tap mo

De thiét 1ap mot khung suwon toan hoc cho tinh toan dung tap mo, can dinh nghia mot
sO dic tinh cua tap mo. Phan nay chi trinh bay téng quan vé nhiing gi can cho tai liéu.
Diéu ndy gém cac dinh nghia vé chiéu cao (height), support, core, a-cut va cardinality
ctia tap md. Ngoai ra, con gidi thidu cac dic tinh vé normality va convexity. Can tham
khao thém (Klir and Yuan, 1995).

2.1 Tap m¢ Normal va Subnormal

Ta biét 1a thanh vién 13 yéu t6 murc do cac phan tir cta tdp mo. Chiéu cao (hei ght) cua
tap mo 1a thanh vién 16n nhat trong cac phan tir cia vil try nay. Tap md co chiéu cao
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bang mot hay it nhat c6 mot phan tir x ¢6 trong mién X thi dwoc goi 14 tip mo normal.
Chiéu cao cua tap mo subnormal thi bé hon mot véi moi phan tir trong mién. Khao sat
cac dinh nghia sau:

Dinh nghia 2.2 (Chiéu cao) Chiéu cao cua tip mo A la mirc dé thanh vién cao nhdt
cua cdc phan tur trong A:

hgt(A4) = Sup 4, (%) e

Trong mién rdi rac X, phan 16n nhit (supremum) tré thanh cuc dai va do d6 chiéu cao
1a mtrc do thanh vién 1én nhat véi moix € X.

Dinh nghia 2.3 (Tap m& Normal)  Tdp mo A la normal néu 3X € X sao cho p(x)=1.
Tap mo la khong normal thi dwoc goi la subnormal. Todn tir norm(A4) cho thay muc d6
normal cta tdp mo, thi du A’=norm(4)< w4 (x) =ud (x)/ hgt(4), VX

Support, core va a-cut la cac tap crisp o duogc tir tdp mo thdong qua cach chon lya cac
phan tir ¢ mirc thanh vién thoa mot sé diéu kién.

Dinh nghia 2.4 (Support) Support cua tap mo 4 la tdp con crisp cua X, trong do tat ca
cdc phan tir déu c6 mirc do thanh vién la khéng zero:

supp(4) = {x | pa(x) > 0} . (2.5)

Dinh nghia 2.5 (Core) Ldi (core) cua tdp mo A la tdp con cua X bao gom méi phan tir
c6 mike do thanh vién déu bang mét:

core(4) = {x | u4x)=1}. (2.6)
Trong mot sb tai liéu, do61 khi 161 (core) con goi la kernel, ker(4). Loi cia mot tap mo
subnormal 1a trong.
binh nghia 2.6 (a-Cut) Cat a-cut A, cua tdp mo A la tdp con crisp cua vii try X co tat
ca cac phan tir co murc do thanh vién lon hon hay bang a.:

A, ={x | usx) > al, ael0, 1]. 2.7

Toan twr o-cut con duoc goi la a-cut(4) hay o-cut(4, a). Todn i o-cut A, la nghiém
ngat néu u,(x)# o voi moi x € A,. Gia tri a dwoc goi la mirc a-level.

Hinh 2.2 mo ta todn tlr core, support va a-cut cta tap mo.



A,
supplA)
Hinh 2.2 131 (core), support vaa-cutcla tap md.

Ldi (core) va support ctiia tip md con co thé duoc dinh nghia tir a-cuts:

core(4) = 1-cut(4) (2.8)
supp(4) = 0-cut(4) (2.9)

Ham thanh vién c6 thé 13 unimodal (v6i mét cuc dai toan cuc) hay 1a multimodal (co
nhiéu maxima). Tap mo unimodal dugc goi 1a tdp mo 161 (convex fuzzy sets).

Tinh 16i con ¢6 thé duoc dinh nghia theo a-cuts:

Dinh nghia 2.7 (Tap mo 16i) Tdpmo dinh nghia trong R, 1 16i (convex) néu cé tirng
tdp a-cuts cua minh la tdp loi.

Hinh 2.3 minh hoa vé tdp mo 161 va tap mo khong 16i.

L

8
COMVEX NOM=COMVEX

Hinh 2.3 L&i (core)elia cae thp khong 161 (p crisp) wa 181 (tap me)

Thi du 2.2 (Tap mo khong 161) Hinh 2.4 cho thi du vé tap mo khong 161 bi€u di€u “tudi
cd ruiro cao” trong chanh sach cua cong ty bao hiém xe. Cac lai xe qua tré hay qua gia
déu co6 rui ro cao hon cac lai xe trung nién.



Thadd 171 to can

16 iz 48 61 tudl [rrdim]
Hinh 2 .4: Tip md dinh nghia "tudi riii ro cao” trong chinh sach
> - A N . v Ao a4 n At
bao hiem ze [a mdt thi dy vé thp md khéng 161 (non-convex )

Dinh nghia 2.8 (Cardinality) Goi 4 = {u,(x;) |i =1, 2, . . ., n} la tdp mo roi rac hitu
han. Cardinality cua tdp mo nay dwoc dinh nghia la tong cua cdac mic do thanh vién:

|A|=anﬂA(xi)

: (2.11)
Cardinality con dwoc dinh nghia la card(4).

3. Biéu dién tip mo&

C6 nhiéu phuong phap dinh nghia tap (hay biéu dién trén may tinh): théng qua mo6 ta
giai tich cac ham thanh vién u,(x) = f{x), thanh danh muc mién thanh phan cung muc
d¢ thanh vién hay dung toan tr a-cuts, nhu phan tich dudi day.

3.1 Biéu dién ding nén twong ddng (Similarity-based)

Tap mo thuong duoc dinh nghia dung tinh twong ddng hay khong tuwong dong
((dis)similarity) ctia do1 tuong x dang xét dung prototype v cua tdp mo

1

X)=— -
IU( ) 1+d(x,v) ' (212)
Truong hop nay d(x, v) dinh nghia do luong vé tinh twong dong trong khong gian
metric ma tiéu biéu 1 cu ly (thi du cu ly Euclide). Prototype 1a thanh vién day du
(phan tu tiéu bleu) cua tap. Phan tir ndo c6 cu ly dén prototype 1a khong thi c6 mirc do
thanh vién gan mot. Néu cy ly ting thi muc thanh vién giam. Thi du, xét ham thanh
vién sau:

1

2, .2 X , A i A A Az > A
1+ x , xeR, biéudién muc do “gan zéro ’cua so thuc.

i, (x)=

3.2 Biéu dién dung tham sé chirc ning

C6 nhiéu dang ham thanh vién tham sé l1a:
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Ham thanh vién dang hinh thang (trapezoidal):

u(x,a,b,c,d)= max(O,min(z —¢ , d- XD,

—a d-c

(2.13)

Trong do a, b, c vad 1a toa d0 cac dinh cia tam giac. Khi b =c, ta c6 ham thanh vién
dang tam giac.

Ham thanh vién dang mu tieng doan:

2
exp —(x_c’] x<c,
2w

/

2
x-c,
u(x,c,,c ,w,w.)=3exp| — 5 x>c,
w

r

0 otherwise

(2.14)
Trong do6 ¢; va ¢, lan luot 1a céc vai trai va phai, va w, w, lan luot 1a bé rong phai va
trai. Khic; =c, va w; = w, ta c6 ham thanh vién dang Gauss.

L
tam giac hinh thang dang chudng singleton

Hinh 2.5: Céc dang him thanh vién x

Hinh 2.5 v& cac dang ham thanh vién tam gidc, hinh thang, dang chuéng (ham
mu). Mot tdp mo dic biét goi la tdp singleton (t3p mo bi€u dién bang mdt soO)
duocdinh nghia la:

) 1 X=X,
x =
Ha 0 otherwise (2.15)

Mot tép dac biét khac duoc goi la tap van nang (universal set) voi ham thanh vién
bang mot trong moi thanh phan mién:

pdx)=1,  Vx. (2.16)
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Cubi cung s6 mo (fuzzy number) d6i khi duoc ding chi tp md normal, convex duoc
dinh nghia trén duong thang thyc.

3.3 Biéu dién theo diém (Point-wise Representation)

Trong tdp rdirac X = {x; | i=1,2 ..., n}, tip md 4 c6 thé duoc dinh nghia dung
bang lié¢t ké cac cap co thur tu: mic do thanh vién /phan tir cta tap:

A= {ua(cr)xn, pa(o)xa, ..o paXa)Vx,} = {pa(e)x | x e X3, (2.17)

Thong thudng, chi cac phan tir x € X c6 muc do thanh vién khac khong nhu da liét ké.
Cé thé gap cac truong hop sau:

Z u,(x,)/ x,
A = 000X+ pug()xot . pg(x,)/x, = = (2.18)

trong mién hiru han, va

A= p,x))x (2.19)

trong mién lién tuc. Chd y, thay vi 14 tong va tich phan, trong bai nay, cac ky hiéu Y,
+ va | biéu dién tap (union) cac phan tur.

Cap cac vecto (ddy trong cac chuong trinh may tinh) c6 thé dugc dung dé luu
trir cac ham thanh vién ro1i rac:

X =[x x] w0 = [pab), walea), - pa(xn)]: (2.20)

C6 thé dung phép nodi suy dé tim cac diém trung gian. Biéu dién nay thuong ding
trong cac go1i chuong trinh may tinh thuong pham. Khi roi rac hoa véi cac bude khong
d6i thi chi can luu trit mot mirc d6 thanh vién u.

3.4 Biéu dién ¢ cz"ip tap hop (Level Set Representation)

Tap mo c6 thé duoc biéu dién thanh danh muc theo cac muc a (a0 e [0, 1]) va cac lat
cat (a-cuts) twrong ing;:

A= {o/Au, 02/Aw, - . ., GnfAn}t = {0/ | 0 € (0, 1)}, 2.21)

Tam cla o can duwoc rdi rac hoa. Biéu dién nay c6 thé co wu diém 12 toan tir trong tap
md con trong cung vii try, duoc dinh nghia nhu tip toan tir c6 dién trong cac tap mirc
cua ching. Tir d6, thiét 1ap duoc dai sb mo (fuzzy arithmetic) dung khoang dai sd
(interval arithmetic), v.v,... Tuy nhién, trong mién nhiéu chiéu, viéc dung biéu dién
theo murc tip hop c6 thé 1am gia ting murc do tinh toan.
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Thi dy 2.3 (Pai s6 mo: Fuzzy Arithmetic) Dung phép biéu dién trén muc tap hop, c6
thé tim ket qua cua cac toan tur dai s6 dung s6 mo (fuzzy numbers) dung cac phep toan
tir dai s6 chuan trong cac phan cit (« -cuts) cua minh. Thi du xét phép cong cia hai sO
md 4 va B dugc dinh nghia trén dudng thang thuc:

A+B={a/A +B.) | a €(0, 1)}, (2.22)
where 4, + B, 1a phép cong cua hai khoang (intervals).
4. Cac phép toan trén tip mo

Dinh nghia céc toan tir theo 1y thuyét tap hop (set-theoretic operations) nhu phép bu
(complement), phép hoi (union) va phép giao (intersection) c6 thé dugc mé rong tir Iy
thuyét tap hop truyén thong sang tap mo. Do mirc do thanh vién khong con bi gidi han
trong {0, 1}, nhung co thé co gia tri nao do6 trong khoang [0, 1], cac toan tir ndy khong
thé duoc dinh nghia mot cach doc nhét. Tuy nhién, 0 rang la cac toan tur trong tap mo
phai cho két qua ding khi ap dung vao tap truyén thdng (trong do tap truyén thong co
thé xem 13 truong hop dic biét cua tip mo).

Phéan nay giéi thiéu cac dinh nghia co ban cia Zadeh vé phép giao md (fuzzy
intersection), phép hoi (union) va phép b (complement). Céc toan tir giao va hdi tong
quat, con goi la norms tam gidc (-norms) conorms tam giac (t-conorms) cling
duoc trinh bay, ngoai ra toan tir anh xa (prolectlon) va phép mé rong tru (cylindrical
extension) co lién quan dén tdp mo nhiéu chiéu ciing dugc trinh bay.

4.1 Phép bu (Complement), H¢i (Union) va Giao (Intersection)

Dinh nghia 2.9 (phép bu cua tap mo) Goi A la tdp mo trong X. Phan phu cia A 1d tdp

mo, goi la tdp mo A, sao cho véi méi x € X:
‘LIZ(X)ZI—‘UA(X). (2.23)

Hinh 2.6 trinh bay thi du Yé phép bu mo ctua ham thanh vién. Bén canh phép toan do
Zadeh dé nghi, con c6 thé dung nhiéu phép bu nita. Thi du phép bu 4 theo Sugeno
(1977):

, (2.24)
Trong dé 4 > 0 1a tham s0.

&

H A A
'|. - ,

0 A
Hinh 2 .6: Tép ma va phin bl A theo ham thanh vién X
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Dinh nghia 2.10 (phép giao cua tap mo) Goi A va B la hai tdp mo trong X.
Phan giao( intersection) cua A va B la tap mo C, dinh nghia la C= A N B, sao cho voi
moi x € X:

fclx) =minfu(x), pp(x)]. (2.25)

Toéan tr t6i thiéu con dugc goi 1a “A’, thi du, uc(x) = ua(x) A up(x). Hinh 2.7 cho thay
thi du v€ phan giao mo cua cac ham thanh vién.

H A B

mimn

-~

(

AnB X
Hinh 2.7: Phép giao md AN B ¢ha cac ham thinh vién
Dinh nghia 2.11: HJi cta tdp md (Union of Fuzzy Sets) Goi A va B la hai tap mo
trong X. Phép giao (union) cua A va B la tap mo C, dinh nghia la C=A4 U B, sao cho
moi phan tir x € X:

pclx) =max[uy(x), pp(x)] (2.26)

Toan tir cyc dai nay con duge goi la “Vv’, thi du, uc(x) = w4(x) v up(x). Hinh 2.8 v& thi
du v€ phép hoi mo cia cac ham thanh vién.

H AuB

-.4 B max
————J—/

0
Hinh 2.8: Phép héimo A U B cha cic ham thirh vign

4.2 T -norms va T —conorms

Phép giao mo cua hai tip mo c6 thé duwge xét mot cach téng quat dung toan tir nhi
phan trong khoang don vi, thi dy ham c6 dang:

T:[0, 1] x [0, 11— [0, 1] (2.27)
Dé co thé xem ham 7 1a ham giao mo, thi can c6 mot s dic tinh thich hop. Ham duoc
goi 13 -norms (norms tam giac) co cac dic tinh can thiét cho phép giao. Tuong tu,
ham goi 14 #-conorms c¢6 thé dung cho phép hoi mo.
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Dinh nghia 2.12 (¢-Norm/Phép giao mo) t-norm T la toan twr nhi phan trong khoang
don vi thoa man it nhdt cdc tién dé sau (axioms) voi moi a, b, ¢ € [0, 1] (Klir and
Yuan, 1995):

T (a, 1) =a (diéu kién bién),

b<cdandén T (a b)<T (a, c)(tinh don diéu), (2.28)
T (a, b)=T (b, a) (tinh giao hoan),

T(a, T (b c))=T(T(a b), c)(tinh phin bo).

Mot s6 -norms thuong dung 1a:
Phép giao chuan (Zadeh): T (a, b) = min(a, b)
Tich dai sé (phép giao xac suat): T (a, b)=ab
Phép giao Lukasiewicz (bold): T (a, b)=max(0,a+b—1)

Phép ti thiéu 13 phép r-norm 16n nhét (toan tir giao). Xem thi dy trong hinh 2.7 giéi
thiéu phan giao A N B cua cac ham thanh vién c¢6 dugc tir cac phép tinh t-norm khéc
déu nam dudi phan sdm mau cta cac ham thanh vién.

Dinh nghia 2.13 (-Conorm/phép hoi mo) t-conorm S la toan tir nhi phan trong khoang
don vi khi thoa man it nhdt cac tién @é sau véi moi a, b, ¢c €0, 1] (Klir va
Yuan, 1995):

S(a, 0) = a (diéu kién bién),

b < c dan dén S(a, b) < S(a, c) (tinh don diéu), (2.29)
S(a, b) = S(b, a) (tinh giao hoan),

S(a, S(b, ¢)) =S(S(a, b), ¢) (tinh phin bo) .

Mot s6 t-conorms thuong dung la:
Phép hoi chuan (Zadeh): S(a, b) = max(a, b),
Tong dai sé (phép hoi xac sudt): S(a, b)=a + b — ab,
Phép hdi Lukasiewicz (bold): S(a, b)=min(1, a + b).

Phép t6i da 1a t-conorm bé nhat (toan tir hoi). Trong thi du hinh 2.8 tirc 13 phép hoi cua
AUB ¢6 dugc tur cac phép t-conorms khic déu nam trén phan sam mau cua cac ham
thanh vién.

4.3 Anh xa va Mé rong tru (Projection and Cylindrical Extension)

Anh xg rit gon tdp mo dinh nghia trong mién nhiéu chiéu (thi du R* ciia tdp mo sang
mién co kich thudc thap hon (nhu R). Mo rong tru 1a todn tr nguoc lai, thi du phép mé
rong try dinh nghia tr mién c6 chicu thap sang mién cd nhiéu chiéu hon, nhu sau:

Dinh nghia 2.14 (Anh xa cua tdp mo) Goi U < U,xU, la tdp con trong khéng gian
tich Cartesian, trong do U, va U, tu than da la tich Cartesian trong cac mién ¢ chiéu
thap hon. Anh xa cia tdp mo xdc dinh U vao U, la phép chiéu projy,:F(U) —F(U,)
dinh nghia boi



proj,,(A) = {sup u,w)lu e Ul}.
vz (2.30)

Co ché anh xa giam chleu cua khong gian tich bang cach 1ay cuc tri t6i da cia ham
thanh vién trong chiéu can phai giam thiéu.

Thi du 2.4 (Anh xa) Gia sir tdp md A dinh nghia trong U € X x Y x Z, véi X=
{x1, x2}, Y= {y1, 2} vaZ={z,, z,}, nhu sau:

A=/ x1, yi, 21), /X1, y2, 21), /X2, Y1, 210)1a/(X2, Y2, 21), s/ (x2, ¥2, 22)} (2.31)

Tinh &nh xacua4 vao X, YvaX x Y:

proj(4) = {max(u, po)/x1, max(us, pa, Us)yx»}, (2.33)
projy (4) = {max(u,, us)/y1, max(ua, pa, Us)y»4, (2.34)
pProjxxy (A) = {p/x1, 1), po/(x1, ¥2), uaAxo, y1), max(us, us)(xz, y2)}. (2.35)

C6 thé minh hoa d& dang 4nh xa tir R? sang R nhu trong hinh 2.9.

o ¥
;j'-t.“ ! el o

?ﬁ.ﬁ.*!': e

A = B
Hinh 2.9: Thi du v inh xabr R* sangR

Dinh nghia 2.15 (M& rdng dang tru) Xet U < U, x U, la tdp con cua khong gian tich
Cartesian, trong dé U, va U, tw than dd la tich Cartesian trong mién cé chiéu thap
hon. Mo rong tru cua tdp mo A dinh nghia U, vao U la phép ap

exty:F(U,)—F(U) dinh nghia boi

ext,(A)= {/JA (u, /ufu e U}. (2.37)

Mo rong dang tru chi don gian 13 tao ban sao murc d6 thanh vién tir mién hién hiru sang
cac mién méi. Hinh 2.10 mo ta phép md rong try tir R sang R”.
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D@ dang thdy duogc 1a phép anh xa din dén mat thong tin, do 4 dinh nghia trong
X' < X" (n <m) cho thay la:

A= proj ,(ext ,(A))
A#ext, (pI”Oan (A)).

(2.38)

Nhung (2.39)

Chung minh phan trong thi du 2.4 xem nhur 14 bai tap.

md rdng ta
/ =
;/ A
."F _—_H_d-‘\\
L T

Hinh 2.10: Thi du vé& mé
réngtrut’y R sang R?

4.4 Toan tir trong mién tich Cartesian
Céc toan tu cua ly thuyet tap hop nhu phép hoi va giao khi dung trong tap mo duoe
dinh nghia trong cac mién khac tao tap mo nhiéu chiéu trong tich Cartesian cua cac
mién nay. Toan tir dugc thyc hién dau tién 12 m& rong tap md gdc vao trong mién tich

Cartesian roi tinh toan tir trén cac tap nhiéu chiéu nay.

Thi dy 2.5 (Phep giao trong tich Cartesian) X¢t hai tap mo 4, va 4, 1an lwot dinh nghia
trong cdc mieén X; va X,. Phép giao 4; N A,, con dugce goila A, x A, dugc cho boi:

Al X Az =Xty (Al) N exty; (Az) (240)
Phép mé rong try thuong dugc xem 1a khong twrong minh va khong dinh nghia:

a1, X2) = (X)) A pa(xr). (2.41)

Hinh 2.11 minh hoa phép toan nay.



Hinh 2.11:Phép glao trong -~ /.=
tich Cartesian e

4.5 Bién ngon ngir (Linguistic Hedges)

Cac tap md co thé dung biéu dién thira sé ngdn ngit dinh lrong (y niém: notions)
tuong tu nhu “ngén”, “dai”, “dac”, v.v,.. thanh ham thanh vién dinh nghia trong mién
(cu ly, gid, v.v,..).

Khi dung linguistic hedges (bo bd nghia: linguistic modifiers) thi y nghia cua
cac thura so nay c6 thé dugc thay (101 ma khong can dinh nghia lai cac ham thanh vién.
Thi du vé cac bién (hedges) 1a: rdt, hoi, nhiéu hon, it hon, thay vi, v.v,.. Thi du bd
nghia “rat” c6 thé dung thay doi tir “déc” thanh “rét dac”.

C6 hai hudéng chinh dung thuc hién (linguistic hedges) la powered hedges va
shifted hedges. Powered hedges dung ham hoat dong trong mirc d¢ thanh vién cua thura
s0 ngdn nglr (Zimmermann, 1996). Thi du bién rdt b1nh phuong mirc do thanh vién
cta thira s6 ¢6 ¥ nghia can thay doi, thi du Mrdea(X) = 1 ? (). Shifted hedges (Lakoff,
1973), thi khac, doi ham thanh vién doc theo mién hoat déng. T6 hop hai hudng nay
cling da dugc nghién ctru (Novak, 1989; Novak, 1996).

Thi du2.6 Xét ba tap mo Small, Medium va Big dinh nghia dung ham thanh vién dang
tam gidc. Hinh2.12 v€ cac ham thanh vién nay (duong sam) doc theo ham thanh vién

da bo nghia “more or less small”, “nor very small”’va “rather big” c6 dugc khi ap dung

bién trong bang 2.6.
linguistic hedge  operation linguistic hedge  operation
very A e more or less A JBA
not very A 1—pd rather A mt{pea)

Trong bang nay, 4 la tdp mo va “int” 1a todn tr contrast intensification operator cho
boi:
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Hinh 2.12: T8p mé thamn chiéu va cic thay ddi
ding bién ngdn ngly
5. Quan hé m&

Quan hé mo 1a tap mo trong tich Cartesian X; xX,x- - - xX,. Mtc dd thanh vién biéu
dién mirc trong quan cua céc phan tir trong cac mién X; khac nhau.

Dinh nghia 2.16 (Quan hé mo&) Quan hé mo bac n la anh xa:
R: X xX,x--xX, — [0, 1], (2.42)

Qui dinh mirc do thanh vién cua moi cap (x,, Xxa,..., X,) cua tich Cartesian
Xl XXZ Xe - 'X)(n.

Trén may tinh, R thuong dugc biéu dién dung day » chiéu: R = [7i1,2....in )

Thi du 2.7 (Quan hé md) Xét quan hé md R mé ta quan hé x = y (“x Id xdp xi bang y”)
Ho(x,y)=e
dung cac ham thanh vién sau %

Hinh 2.13 minh hoa quan hé trong khong gian ba chiéu.
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Hinh 2.13: Quan hé md prlr.y) =«
6. T6 hop quan hé
T6 hop duoc dinh nghia (Zadeh, 1973) nhu sau: gia st ton tai quan hé mo R trong X X

Y va A 1a tap mo trong X. Thi tdp con md B clia Y co thé suy ra tir 4 thong qua to hop
AvaR:

B=A4°R (2.43)
T6 hop dugc dinh nghia la:
B = proj, (R Mexty, (A)) (2.44)

T6 hop c6 thé xem nhu gdm hai pha: 16 hop (phép giao) va phép dnh xa. Zadeh dé
nghi dung t6 hop sup-min. Gia st 4 1a tdp moi ¢ ham thanh vién z,(x) va R 1a quan hé
mo cd ham thanh vién la uz(x, y):

ty (¥) =supmin( i, (x), 1, (x,))-
x (2.45)

Trong d6 phép mo rong tru cua 4 vao X xY la khong twong minh va sup, min lan luot
biéu dién cac pha anh xa va t6 hop. Truong hop tong quat cua td hop, dung -norm T

thay cho phép giao:

= T
Uy (v) Sljp (:UA(X):ﬂR (x,y))' (2.46)

Thi du 2.8 (Quan hé t6 hop) Xét quan hé mo R biéu dién quan hé “x ld xdp xi bang y”:
up(x, y)y=max(l — 0.5 |x —y|, 0). (2.47)
Hon nira, xét tAp md A “xdp xi 5

1,(c) =max(1 — 0.5 - [x — 5], 0). (2.48)



Giastr R vad dugce roi rac hda voix, y=0, 1, 2, ..., vao [0, 10]. Nhu thé, t6 hop 1a:

palz) R (E, u)
p—— T ™
foN /1 3 00 000000 0
0 £ 1 £ 0000000 0
0 0 £ 1 & 0000000
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i o004 1 400000
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0 000000000 F 1 4
\o/ \o o0oo0oo0o000O003F1)
min{palx), priz yl)
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00000000000
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maxmin( g (x). pglz. #))
: .

=’( 0 0

044143 00D0)

Tap mo c6 dugce nay, dinh nghia trong ¥ c6 thé duoc dién dat thanh “xdp xi 5. Tuy
nhién, can chl y la diéu nay rong hon (it chic chin hon) so voi tap duoc tim ra. Diéu
nay 1a do tinh bat dinh cta ngd vao tip md da duoc to hop véi yéu td bat dinh trong

quan hé.

7. Tém tiat va cac van dé can quan tam

Tap mo 1a tp khong c6 bién rd rang: thanh vién cua tap mo 1a sb thuc trong khoang
[0, 1]. P4 trinh bay nhiéu dic tinh khac nhau ctia tdp mo va cac phép tinh trén tp mo.
Quan hé 13 tdp mo nhiéu chiéu c6 mirc d6 thanh vién biéu dién muc twong quan cia
cac phan tir trong cac mién khac nhau. T6 hop cac quan hé, dung phép anh xa va phép
mé& rong tru 13 ¥ niém quan trong cua logic md va suy ludn xdp xi (approximate
reasoning), s& duoc trinh bay trong cic chuong tiép.



8. Baitap
1. Cho biét sy khac biét giita ham thanh vién cua tap thudng va ciia tip mo?

2. Xét tap mo C dinh nghia dung ham thanh vién uc(x):R — [0, 1]:
ucx) = 1/(1 + |x|). Tinh phép a-cut cia C khi a =0.5.

3. Xét tap mo 4 va B sao cho 18i core(4) N core(B) = J. Tapmo C=4 N B ¢6 la
normal khong? Cho biét di€u kién vé supports cia 4 va B sao cho card(C)>0 ludn luon
dang?
4. Xét tap mo 4 duogc dinh nghia trong X' x Y v6i X= {x, x2}, Y = 1, »»}:

A =1{0.1/x1, y1), 0.2/4x1, ¥2), 0.7/x2, ¥1), 0.9/(x2, 12)}

Tinh anh xa cia 4 vao X vaY .

5. Tim m¢& rong tru cua tap mo 4 = {0.3/x;, 0.4/x,} vao mién tich Cartesian {x1,

X2} X {yL o).

6. Cho tap mo 4 = {0.1/;, 0.6/x,} va B = {1/, 0.7/y»}, tim phan hoi 4 UB va phan
giao 4 N B. Dung céc toan tir cua Zadeh (max, min).

7.Cho quan h¢ mOR: X x Y — [0, 1]:

| v w2 s

R - @ |07 03 01
ws |04 08 02
rs |01 02 09

Vatap mo 4 = {0.1/x;, 1/x,, 0.4/x3}. Tinh tdp mo B = A4 ° R, trong d6 ’°’ 1a toan tu td
hop max-min.

8. Chimg minh dinh Iy De Morgan AU B =AM B ciing ding trong céc tip md A va B,
dung céc toan tr hdi, giao, bu cua Zadeh.



CHUONG 3: HE MO

H¢ tinh va hé dong dung tdp mo va khung suon toan hoc twong img dwoc goi 1a h¢ mo
(fuzzy system). Cac tap md ndy c6 thé bao ham trong hé thong theo mot s6 cach, thi du:
» Trong mo ta hé thong. Thi du mot hé thong c¢6 thé duge dinh nghia 1a mot tap
cac luat néu-thi dung cac thudc tinh mo (fuzzy predicates), hay 1a quan hé mo.
Thi du luat mo mo ta quan hé gitta cong suét nhiét va xu huong nhiét do trong
phong nhu sau:

Néu cong suat nhiét 1a cao thi nhiét d s& ting nhanh.

= Trong ddc trung cdc tham s6 ciia hé thong. Hé thong co thé duoc dinh nghia
bang phuong trinh dai s6 hay phuong trinh vi phéan, véi cac tham sd 1a cac sd
mo (fuzzy numbers) thay vi 1a so thuc (real numbers). Thi dy, xét phuong trinh
y= ?xl +5x

2, trong d6 3 va 3 1a cac s mo lan luot 1a “vao khoang ba” va
“vao khoang nam”, do cac ham thanh vién dinh nghia. S6 mo dién ta tinh khong
chic chin (uncertamty) trong gia tri tham s0.

" Ngovao, ngo rava cdc bién trang thdi ciia hé thong cé thé la tdp mo. Cac ngd
vao mo c6 thé dugc doc tir cac cam bién chua déng tin cdy (unreliable Sensors)
hay céac dit liéu c6 nhiéu (“noisy’ ’ data), hay céc dai lugng c6 lién quan dén cam
nhan clia con ngudi, nhu tién nghi, sic dep, v.v,...Hé md c¢6 thé xir Iy cac thong
tin ndy, ma cac hé thdng truyén théng (hé crisp) khong xu ly duoc

Mot hé mo co thé c6 dé)ng thoi nhiéu thudce tinh trén. Hé mo ¢6 thé duge xem nhu 1a
tong quat hoa caa hé théng co gia tri timg doan (interval-valued systems), chinh la
téng quat cua hé crisp. Quan hé nay duoc mo ta trong hinh 3.1 vé thi du cua ham crisp
va cac khoang gi tri cung v&i phép tong quat hdoa mo (fuzzy generalizations). Pong
thoi cling mé ta mot cach hé thong cac wde Irong vé ham crisp, khoang va dit liéu mo.

Mot ham f/: X — Y ¢o thé xem la tap con cua tich Cartesian X %Y, thi du theo
quan hé (relation). Viéc udc lugng ham cho tung gia tri vao dugc thuc hién theo ba
budc (hinh 3.1):

1. M6 rong ngd vao cho trude vao khong gian tich X x Y (duong doc dut nét).

2. Tim phan giao cia m& rong nay cdi quan hé (phan giao cia dudng dit nét doc
v61 ham).

3. Chiéu phan giao ndy vao Y (duong dirt nét ngang)

Thu tuc nay dung duoc cho tap crisp, khoang va ham mo, dir liéu mo. Chu y 1a hinh v&
trén gitip ban hiéu dugc vai tro ciia quan hé mo trong suy dién mo (fuzzy inference).

Thoéng thuong nhat thi h¢ mo duogc dinh nghia dung lugt néu-thi: hé mo dung
luat nén (rule-based fuzzy systems). Trong phan tlep sau ddy chi chu y dén cac hé
thong dang nay. Hé mo ¢ thé dugc dung trong nhiéu muyc dich, nhu mo hinh hoa,
phan tich dir liéu, du bao va diéu khién. Dé don gian, cac hé mo dung luat nén sé& duoc
goi la h¢ mo, trir khi c6 cac ghi cht khac.
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Hinh.1: T_T-cic lwong cac ham crisp, khoang va mo
tit cac doi 50 cr isp, khoimg va o

1. H¢ m¢& dung luat pén ) 7
Trong h¢ mo dung luat nén, quan hé gitra cac bién dugc biéu dién dung céc luat néu-
thi theo dang tong quat sau:

Néu tién dé thi hé qua.

Ménh dé mo duoc dinh nghia theo “x 1a 16n”, trong d6 “16n” goi la nhan ngon ngit
(linguistic label), dugc dinh nghia dung tap mo trong vii try cua bién x. Cac nhin ngdn
ngit dugc xem 1a cac hing sé mo (fuzzy constants), thira sé mo (fuzzy terms) hay cac
¥ niém mo (fuzzy notions). B6 nghia (linguistic modifiers: hedges) c6 thé dung dé thay
d6i y nghia ctia nhan ngon ngit. Thi du, bd nghia rdt c6 thé dung dé thay ddi tir “x 1a
16n” sang “x 14 rat 16n . Tién dé thuong 1a ménh dé mo c6 dang “x 1a A” trong d6 x 14
bién ngdn ngit va 4 1a hang sé ngodn ngir (thira s6). Tuy theo ciu trac dic thu cia ménh
dé hé qua, co ba dang mé hinh chinh sau day:

" M6 hinh ngon ngit mo (Linguistic fuzzy model) (Zadeh, 1973; Mamdani, 1977),
trong d6 ca phan tién dé va hé qua déu 1a ménh dé md. M6 hinh mo Singleton la
dang dic biét trong d6 hé qua nam trong tap singleton (cac hang sb thuc).

" Mo hinh quan hé mo (Fuzzy relational model: Pedrycz, 1984; Yi va Chung,
1993), ¢ thé xem la trrong hop tong quat ciia mo hinh ngon ngi, cho phép mot
ménh dé tién dé dic thu quan h¢ voi nhiéu ménh dé hé qua khac nhau dung
quan hé mo (fuzzy relation).

= M6 hinh mo Takagi—Sugeno (TS fuzzy mode)! (Takagi and Sugeno, 1985), trong
d6 hé qua 1a cac ham crisp cta bién tién dé thay vi 1a ménh dé mo.



Phan sau trinh bay chi tiét cac dang mé hinh mo.

2. Mo hinh dang ngon ngir . )
M6 hinh m¢ dang ngon ngir (Zadeh, 1973; Mamdani, 1977) dugc trinh bay nham ndm
duoc kién thirc dinh tinh theo dang luat néu-thi:

gi:Néu x1a 4;thi y1a B, i=1,2, .. K. (3.1)

Bién vao x (tién d&) goi 13 bién ngdn ngir (linguistic variable), va hé qua A, 1a thira sd
ngdn ngit (nhan) (linguistic terms-labels). Twong tu, hé qua ngd ra y 1a bién ngdn ngir
va B;la thua s6 hé qua dang ngdn ngir. Cac gia tri x(y) thuong 1a tip mo, ngoai ra do
s6 thyuc 1a mot trudng hop dic biét cua tdp mo (tap singleton), nén cac bién nay ¢ thé
co gia tri thyc (vector). Thura s6 ngdn ngir A(B;) ludn ludn 1a tdp mo.Thira sé ngdn ngir
c6 thé xem 14 cac gia tri dinh tinh (information granulae) duoc dung dé mo ta quan hé
déc thu cua cac luat ngon ngir. Thuong thi tap N cac thura s6 ngon ngit A = {4, 4>, . . .,
Ay} dugc dinh nghia trong mién cta bién x. Do bién nay gia dinh cac gia tri ngbn ng,
nén dugc goi la bién ngbn ngi. Nham phan biét giita bién ngdn ngir va bién gdc dang
s0, nén bién sau dugc goi 1a bién nén (base variable).

Dinh nghia 3.1 (Bién ngon ngir) Bién ngon ngiv L diege dinh nghia la tdp gom nam gid
tri (quintuple: Klir and Yuan, 1995):

L= 4, X g m), (3.2)

Trong dé x la bién nén (con dwoc goi la bién ngén ngiv),

A={A,A4, ... Ay} la tdp céc thira s6 ngdn ngit, X la mlen (vl tru hoat dong) cua X, g
la luat cu phap (syntactic rule) nham tao ra cdc thira sé ngén ngit va m la ludt y nghia
(semantic rule) nhdm dinh nghia y nghia cta ting thira s6 ngdn ngit (tdp mo trong X).

Thi du 3.1 (Bién ngbn ngtr) Hinh 3.2 trinh bay thi du vé blen ngdn nglt “nhiét d0” voi

ALY C¢

ba thira s6 ngon ngit “thap”, “trung binh” va “cao”. Bién nén 1a nhiét d6 c6 gia tri 1a
don vi vat ly phu hop.

MHIET B0 «— hitn ngin ngh
_____.‘—-.’" = - T :

i i thira s0 ngon ngir

thip | ( trung bink) [ ran ) —
] hudt ¥ ngkia

-

1 S—
4 Hém thinh vitn
I =
00 10 20 30 0
tnhigt da) +— hidn fén

Hinh 3.2: Thi dy v bién ngdn ngft "nhiét 43'ding ba thira 56 ngdn ngir



Céc thira s ngdn ngit can thoa mén cac dic tinh vé& (bao phil) coverage va semantic
soundness (Pedrycz, 1995).

Bao phui (Coverage). Coverage c6 nghia 1 timng mién cta cac phan tir phai dugc dinh
nghia vdi it nhat 1a mét tdp mo ¢6 mue do thanh vién khéac khong, thi du:
Vxe X,3i,u,(x)>0; (3.3)

Mit khac, mot didu kién manh hon dugc goi la € -coverage phat biéu nhu sau::
Vxe X,3i,u,(x)>e, ge(O,l). (3.4)

Thi du, cdc ham thanh vién trong hinh 3.2 thoa man ¢ -coverage voi ¢ = (.5. Thuat
todn xau chudi dung tao ty dong mo hinh mo tir dir liéu dugc trinh bay trong chuong 4
con cé yéu cau vé diéu kién manh hon:

N
Z M, (x) = 19
i=1

cho thiy véi timg x, thi tong ctia mic do thanh vién phai bang mot. Tap cac ham thanh
vién nay duoc goi la partition mo (fuzzy partition), dugc trinh bay k¥ trong chuong 4.

VxeX. (3.5)

Semantic Soundness. Y nghia day du (Semantic soundness) lién quan y nghia ngon
ngit cia cac tdp mo. Thong thudng, 4; 1a tap 1di (convex) va tap mo chuén (normal
fuzzy sets) , thuong 1a du phan cach (disjoint), va sb tap con N cac bién 1a it (cao nhat
1a chin). S thira s6 ngdn ngir va hinh dang dac thu cung phan chong lip (overlap) cua
cac ham thanh vién c6 anh hudng dén tinh fgo hat (granularity) cta qua trinh xtr ly
thong tin trén tdp mo, thi ciing anh huong dén murc chinh xac cho hé théng can biéu
dlen dung tap mo. Thi dy, cac ham thanh vién dang tam giac nhu v& ¢ hinh 3.2, cung
cap mot s6 dang vé van dé an thong tin “information hiding” cta dir liéu bén trong 15
(cores) ciia ham thanh vién (thi dy, khong thé phan bi¢t nhiét do trong khoang tur 0 va
5 6, do déu duoc xép vao 16p thdp v6idod 1). Anh xa tot vé hinh déng c6 thé biéu dién
chinh x4c dung do fao hat (granularity) rat thap.

Ham thanh vién c6 thé dugc dinh nghia nhd bd phat trién mé hinh (model
developer: expert), ding kién thirc di c6, nhu trong diéu khién mo dung nén tri thirc
(Driankov, et al., 1993). Truong hop nay thi cac ham thanh vién dugc thiét ké dé biéu
dién y nghia ciia thu:a s0 ngdn ngir trong nglr canh dé cho. Khi da c6 dugc dir liéu vao-
ra cua hé théng dang khéo sat, thi 4p dung dugc cic phuong phap ciu tao hay thich
ung cac ham thanh vién, xem chuong 5.

Thi du 3.2 (M6 hinh ngén ngir) Xet mo6 hinh mo don gian mo ta dinh tinh cong suét
nhiét cua bo ddt gas phu thude vao luong OXy cung cap (gia sir lwong gas cung cap 1a
khong d6i). Ngb vao dang vo hudng 1 luu toc cia oxy (x), va ngd ra vo hudng la cong
suét nhiét (). Binh nghia tap thura sd tién dé ngon ngit: 4 = {Thdp, ,OK, Cao}, va tip
thira s6 ngdn ngi hé qua: B = {Thdp, Cao}.

Quan hé dinh tinh gitta m6 hinh vao va ra c6 thé duoc biéu dién dung cac luat sau:

92: Néu luu tdc O2 1a Thdp thi cong suat nhiét 1a Thap.



9%: Néu luu toc O2 1 OK thi cong suét nhiét 13 Cao.
9%: Néu luu tde O2 1a Cao thi cong suat nhiét 1a Thdp.

Thip 8] 4 Can Thip Can

0 I 3 1 0 25 50 7 100
L tdc O2 [mE/h) Ciang suit nhigt (kW]
Hinh 3.3: Ham thanh vien

Y nghia cta cac thira s6 ngdn ngit dugc dinh nghia tir ham thanh vién, v& & hinh 3.3.
Céc gia tri s6 cla cac bién nén duoc chon lya mot cach bat ky. Chu y 1a khong dinh
nghia dugc y nghia tong quat ciia cac bién ngodn ngir. Trong thi dy nay, thi phu thude
vao dang cua luu toc, cta hoi dot, loai by d6t, v.v,... Tuy nhién, quan hé dinh tinh do
cac luat dién ta van co gia tri.

2.1 Suy dién tir m6 hinh ngon ngir

Suy dién tir bién ngon ngir trong hé dung luat nén mo 1a qua trinh tim tip mo ngd ra
theo cac luat va tip céc tin hiéu vao. Co ché suy dién trong mé hinh ngdn ngit dung co
so luat suy dién to hop (compositional rule of inference: Zadeh, 1973).

Moi ludt trong (3.1) c6 thé duoc xem 14 quan hé mo (cic gidi han mo trén su
xuét hién dong thoi cac giatri x vay): R: (X x Y)— [0, 1] duoc tinh tir:

#r(X, ¥) = Iua(x), us(y))- (3.6)

Chi sb i dugc bd qua cho y niém dé dang. Toan tir I c6 thé 1a ham y mo (fuzzy
implication) hay 13 toan tir két thop (conjunction) (dang ¢-norm). Cha y 1a I(-, -) duoc
tinh trong khéng gian tich Cartesian X x Y, v&i moi cip c6 thé ¢o ciia x va y.

Ham y mo (Fuzzy mmplications) duoc dung khi luat (3.1) dugc xem la ham y:
A; — B;, thi du “4, ham y B;”. Trong phép logic ¢ dién thi diéu nay co nghia la néu A4
dung, thi B phai dung ciing nhu phép ham y 1a dung. Khong thé noi gi vé B khi 4
khong dtng, va quan hé cling khong thé dao nguwoc duwoc. Khi ding phép két ndi, 4 A
B, thi dién dich thanh lut néu-thi 1a “s& 1a ding néu 4 va B cing dung”. Quan hé nay
1a d6i xtmg (khéng c6 chiéu) va c6 thé dao duoc.

Thi du vé& ham y mo 14 ham y Lukasiewicz cho boi:

I(ua(X), up(y)) =min(l, 1 = ua(x) + u(y)), (3.7)
Hay ham y Kleene—Diene:

(), pa(y)) = max(l = ua(x), up(y))- 3.8)
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Thi du vé t-norms 14 tdi thiéu, tuy khong phai lic nao ciing ding, dugc goi 13 hdm y
Mamdani,

I(ua(X), pp(y)) = min(ua(x), us(y)), (3.9)

Hay truong hop tich, con dugc goi 1a ham y Larsen,

I(ua(x), 1p(y)) = pa(x) - us(y)- (3.10)

Chi tiét vé ham y mo ¢cd thé tham khéo tir (Klir and Yuan, 1995; Lee, 1990a; Lee,
1990b; Jager, 1995).

Co ché suy dién duogc dua trén ludt modus ponens téng quat:
Néuxla Athi ylaB
xla 4’
yla B’
Luat néu-thi vira cho va thuc té 1a “x 1a 4
max-¢ (Klir va Yuan, 1995):

29

, tAp mo ta B’ tim dugc tir t6 hop quan hé

B’=A4"°R. (3.11)
Trudng hop t-norm tbi thiéu, c6 dwoc to hop max-min:

Hy () = max min (. (x), 4,(x.)) (3.12)

Hinh 3.4a minh hoa thi du vé quan hé mo R dugc tinh tir (3.9). Hinh 3.4b cho thay

két luan cua B’, cho quan hé R va ng6 ra A’, dung t6 hop max-min (3.12). C6 thé thiy
B’la subnormal biéu dién yéu t6 bét dinh (uncertainty) cuia ngd vao (4'#4). Quan hé
tinh toan phai duoc thiét 14p trong mién roi rac, hay xem thi du.



(1) By ludn mé

Hinh 3.4 mina R) e faenT

(a) Quan hé ma bifu didn ludt "Méux (2 A thi y[AB"
(b Lot suy didn td hop

Thi du 3.3 (Luat suy dién t6 hop) Xét luat mo
Néu x laA thi ylaB
Cung tap mo:

A={0/1,0.172, 0.4/3, 0.8/4, 1/5},
B=70/—206/— 1, 1/0,0.6/1, 02} .

Dung phép z-norm téi thiéu (ham y Mamdani), quan hé Ry, biéu dién luat mo duoc tinh

dung (3.9): ) )
0 0 0 0 O

0 0.1 01 01 0

R,=/0 04 04 04 0

0 06 08 06 0

0 06 1 06 0]

Céc hang trong ma tran quan hé tuong img v4i1 mién cac phan tur cia 4 va
cac phan tir cua B. X¢ét tap mo ngd vao cua luat:

A4’=1{0/1, 0.2/2, 0.8/3, 1/4, 0.1/5}.

(3.14) ‘
cOt 1a mién

(3.15)



Ung dung t6 hop max-min (3.12), B’y =A’ ° Ry, ¢6 tip md ngd ra:
B’y ={0/—206/—1,0.8/0, 0.6/1, 0/2}. (3.16)

Dung ham y m¢ Lukasiewicz (3.7), ¢6 cac quan h¢ sau:

11111
09 1 1 1 09
R,=[06 1 1 1 06
02 08 1 08 0.2
(0 06 1 06 0|

Dung t6 hop max-t, trong d6 -norm la phan giao Lukasiewicz (bold) (xem dinh nghia
2.12),tap suy luan mo B’; = A4’ ° R; bang:

B’ ={0.4/—2 08— 1, 1/0, 0.8/1, 0.4/2}. (3.18)

Chu y la sai biét gitra cac quan hé Ry, va R;, duoc v€ ¢ hinh 3.5. Ham y chi sai (nhap
zero trong quan h¢) khi 4 ding va B thi khong. Khi 4 khong dung, gia tri thuc cua
ham y 13 1 bat chap B. Tuy nhién, £-norm 14 sai khi 4 hay B hay ca hai déu sai, va nhu
thé biéu dién mot quan hé hai chiéu (twong hd).

Sai biét nay anh huéng mot cach tir nhién 1én két qua cta qua trinh suy dién. Do tép
mo vao A4’ khac biét véi tap tién dé A, két luan c6 duoc B’ trong tat ca cac truong hop
déu “khoéng chic chin” so véi B. Sai biét cing véi ham ¥ md dwoc phan anh trong tap
gi4 tri thanh vién gia ting ctia mién cAc phan tir c6 mirc thanh vién thap hay zérd trong
B, diéu nay co nghia 1a cac gia tri ngd ra c6 kha ning c6 mirc d6 cao hon. Tuy nhién,
phép t-norm lam giam mirc d6 thanh vién cua cc phan tir c6 muc thanh vién cao trong
B, lam cho két qua nay cang it c6 kha nang. Diéu nay anh hudng lén dic tinh cia hai
co ché suy dién va viéc chon lya phuong phap giai mo thich hop, s& dugc thao luan
sau.

(2} todn tr t-norm (mindtoum)

Hinh 3.5 Quan hé m& ¢d dwge ding toan t t-norm (minimurm) va phép ham 7 md

Toan bd luat nén (3.1) dugc biéu dién bing cach gdp cac quan hé R; cua ting lut vao
mot quan h¢ mo. Néu R; biéu dién cac ham y, thi R tim dugc tir toan tir giao:



i X min X
A ety A (0= M A (5Y) (3.19)

Néu 7 13 t-norm, thi quan hé gdp R dugc tinh tir phép hoi ciia timg luat trong quan hé
mo Ri:

=S yR(x,y)=rlgg;§ﬂR,»(x,y)'

(3.20)
Tap mo ra B’ dugc suy luan cung phuong phap véi truong hop mot luat, dung to hop
luat suy dién (3.11).

Phan biéu dién néi trén cta hé ding quan hé mo duge goi 14 graph mo (fizzy
graph), va t6 hop luat suy dién c6 thé xem 13 phép udc lwgng ham tong quat hoa ding
graph nay (xem hinh 3.1). Quan h¢ m¢ R, dinh nghia trong khong gian tich Cartesian
cla cac bién hé théng Xy xXpx- - -X,*xY la kha nang phan b (gi61 han) cua sai biét
vao-ra (xi, X, . . ., X, »). Phep a- cut ctia R co thé dugc biéu dién dung tap cac to hop
vao-ra co thé c6 véi mirc do 16n hon hay bang a.

Thi du 3.4 Tinh quan hé m¢ cho mé hinh ngén ngu’ cta thi du 3.2. PAu tién ta rdi rac
hoa cac mién vao va ra, thi du: X = {0, 1, 2, 3} va Y= {0, 25 50, 75, 100}. Cac ham
thanh vién roi rac hoa dugce cho trong bang 3.1 vé cac thira sb ngdn ngir tién dé va ghi
cac thira s6 hé qua trong bang 3.2.

Bang 3.1:H:im thanh vién hé qua

riddtn cdr phgn i
=N

thira 56 ngdn ngir 0 1 2 3

Low 1.0 0.6 0.0 0.0
OK 0.0 0.4 10 04
High 0.0 0.0 0.1 10

Bang 3.2: Ham thanh vien he qua

mien cdc phén ti

thira 56 nghn nef 0 25 30 75 100
Low 1.0 1.0 0.6 0.0 0.0
High 0.0 0.0 03 0.9 1.0

Quan hé mo R; twong (mg cho ting luat, c¢6 thé duoc tinh dung (3.9). Truong hop luat
Ry =Low x Low, truong hop R,, tacod R, = OK x High, va cudi cung cho luat R3, R; =
High x Low. Quan hé mo R, biéu dién toan thé lut nén, 1a phép hoi (element-wise
maximum) cia cac quan h¢ R;.



10 10 06 0 0
R 0.6 06 06 0 0
1=l o 0o 0 00

0 0 0 0 0]

00 0 0 0] 10 1.0 06 0 D
R 0 0 03 04 04 R 06 06 06 04 04
2= 10 0 03 09 1.0 101 01 03 09 1.0

|0 0 03 04 04 | 10 10 06 04 04

0 0 0 0 0]

0o 0 0 00
Rs=1 01 01 01 0 0
1.0 1.0 06 0 0 | )
) (3.21)

Céac budc nay duoc minh hoa trong hinh 3.6. Dé thay rd hon, can tinh quan hé véi
budc roi rac hdéa min hon truong hop ham thanh vién cta hinh 3.3.
Thi du nay c6 thé chay trong MATLAB bang cach goi ham script ling.

Hay x¢ét tdp mo vao cua mo hinh 47 = [1,.0.6, 0.3, 0], c6 thé duoc xem 1a luu
tdc Somewhat Low, do gan v6i Low nhung khong bang Low. Két qua ciia to hop max-
min composition 1a tdp m& B’ = [1, 1, 0.6, 0.4, 0.4], cho cac két qua mong mudn xap xi
Low cta cong suat nhiét. Véi 4’ =[0, 0.2, 1, 0.2] ] (approximately OK), ta c¢6 B’ = [0.2,
0.2, 0.3, 0.9, 1], tirc 13, cong suat approximately High. Xem phan kiém tra cac két qua
nay xem nhu bai tap. Hinh 3.7 v€ graph mo¢ cua thi du (v€ contours cua R, trong do
mién danh bong twong tng vi mire thanh vién).

Fl =Low and Low F2=0K and Hizh

0 0
100 -

Hinh 3.6: Quan hé md& [y, Ra, Rg trong tmg vén tumg luit, va quan hé
tinh gop R tuong tmg ona ludt nén



0

0 0 1 13 2 2.3 3
Hinh 3.7 Mt graph mér cfta méd hinh ngdn ngft trong thi du 3 4
Vung sam mau trong tmg vén mire do thanh wién cao, Burdng sam
i 13 hirn crisp o6 thé nhim bidu didn quan h& thirong te 1a mé
hinh mdr

2.2 Suy dién Max-min
Ta da théy 14 luét nén co thé duge biéu dién nhu quan h¢ mo. Ngo ra cua luat nén dugc
tinh tir to hop quan hé max-min. Chimg minh duoc 1a khi dung fuzzy implications véi
cac ngd vao crisp, va dung 7-norms khi c6 ngd vao 1a crisp va mo, thi so dd suy dién co
thé don gian hoa, dung phép toan quan hé (Jager, 1995). Piéu nay rat c¢6 loi, do tranh
duoc viée roi rac hda mién va viée luu trir quan h¢ R. Truong hop t-norm, vi¢c don
gian hoa dua dén dang so dd noi tiéng, duge goi 13 max-min hay phép suy dién
Mamdani, nhu phén trinh bay duéi day.
Gia sir gia tri mo vao x = 4’, vangd ra B’ dugc cho bdi to hop quan hé:

iy (7) = maxlae, (1) 1 1, (5, )] (3.22)

Sau khi thé ug(x, y) tir (3.20), c6 duoc:

Uy (¥) = m)z}xiy/l,(x) A rllgliagl?{([ﬂm(x) N Uy, (J’)]} (3.23)

Toéan tor max va min dugc thuc hién trong nhi€u mién khac nhau, nén thay doi duoc
thir tur nhu sau::

# () = maximax[ s, (x) A 1, (O] A 1, () (3.24)

Goi f; = maxylus (x) A p4:(x)] 1a mirc hoan thanh (degree of fulfillment) cua luat tién
de thtr i. Tap ra mo ciia mo hinh ngén ngir 1a:

(y)=max|B A u, (¥)],
#y (v) = max[B, A g, ()] yer (3.25)

Thuét toan max-min (Mamdani), tom tét trong Algorithm 3.1 va v& tai hinh 3.8.

Algorithm 3.1 Suy dién Mamdani (max-min)



~ ' ~

1. Tinh mtrc hoan thanh cia tirng luat dung : f; = max [ (X) A p4(x)],
1 <i <K.Chuy trong tap singleton (1, (x) =1 vo1 x =xgand uy (x)=0
trong cac truong hop khac) thi f; duge don gian thanh f; = 14;(xo).

2. Tim tp ramo Bt gy () =B, A (), yet, 1<i<K

(y) =max u,. (),
3. Tinh gdp cactap ramo B’; : Hy () Isi<k Hyi () yeY.

Thi du 3.5 Ly tap md vao A4’=1[1, 0.6, 0.3, 0] trbang 3.4 va tinh tdp ra mo tuong
ung dung phuong phap suy dién Mamdani.

Budc 1 tim dugc cac muc hoan thanh sau:

B :mfx[ﬂ/t'(x)/\ﬂf”(x)]zmax ([1, 0.6, 0.3, 0] A [1, 0.6, 0, 0]) = 1.0,

B, :m)gx[ﬂAv(x)AﬂAz (x)] =max ([1, 0.6, 0.3, 0] A [0, 0.4, 1, 0.4]) = 0.4

= max AX) AN X
By =maxlu ()t )],B3=max([1, 0.6, 0.3, 0]AT0, 0, 0.1, 1) =0.1.
Trong budce 2, ting tdp mo hé qua duogc tinh:

B =B AB =10A[L 106 0, 0]=[L 1, 0.6 0, 0],
B=pAB,=04 110,003 09 1]=[0, 0, 0.3, 0.4, 0.4]
B3=B3AB;=0.1 [l 1,06 0 0]=[0.1, 0.1, 0.1, 0, 0] .

Cudi cung, budc 3 cho tap mo ngo ra:

'—
B'= max f,,

1<i<K

[1, 1, 0.6 0.4, 0.4]

Twong tu nhu két qua tir thi du 3.4. Bai tdp xem ngd vao thir hai cua tdp mo trong thi
du 3.4.



( Ifxis 4, then y is B, l B Btz 1)
md hinh J If x is A, then v is B, —_

!\ If x 18 A, then y is B,

ditlign rig A —— ¥ is B

0
Hinh 38 Biu dién thudt toin suy dién Mamdan

Tlr so sanh s6 hrong phép toan trong thidu 3.4 va 3.5, ta thay tac dong giam phép tinh
cta suy dién Mamdani so véi t6 hop quan hé 1a khong dang ké. Tuy nhién, diéu nay
chi ding khi ro1 rac hoa thd (rough discretization) nhu truedng hop cua thi du 3.4 va
trrong hop sb6 ngd vao 13 it (trudng hop nay 1a mot). Cha ¥ 1a phuwong phap suy dién
Mamdani khong can c6 bat ky phép roi rac héa nao nén c6 thé hoat dong duogc véi cac
ham thanh vién dang gidi tich. Ngoai ra, phuong phéap nay con cho phép dung céc luat
hoc, nhu trinh bay trong chuong 5.

2.3 Giai m¢
Két qua cua suy dién mo 1 tap mo B’ Néu gia tri ra la dang crisp (dang sd hoc), can
co gia tri ngd ra, tdp mo ra can dugc gial mo (defuzzified). Giai mo la bién d6i nham
thay thé tdp mo bang mot gia tri sé hoc biéu dién tdp nay. Hinh 3.9 v& hai phuong
phép gidi mo thuong dung la: trong tam (center of gravity: COG) va trung binh cuc dai
(mean of maxima:MOM).

B (a) Center of grawaty. B (b) Mean of maxima.

- v

T P\
) ¥ ¥ ¥

Hinh 3.9 Cac phirong phap g1 md-: trong tm va trung binh -cue dat

Phuong phap COG tinh toan sb hoc toa do y cua trong tam tap mo B



F
21y (¥,)y,
y'=cog(B) ="

D ()
= (3.28)

Trong d6 F 1a s6 phan tir yjtrong Y. Mién lién tuc Y can dwoc roi rac hoa dé tinh duoc
trong tam.

~ Phuong phap MOM tinh gia tri trung binh cua khoang dung mure thanh vién 16n
nhat:

mom(B') = cog{yyB,(y) = I?S/X#Bv(y)}

(3.29)

Phuong phap COG dugc dung cho phep suy dién max-min Mamdani, cung cap phép
nodi suy giira cac hé qua, ti 18 theo chiéu cua timg hé qua. Diéu nay 1 can thiét do tu
than phuong phap suy dién Mamdani khong noi suy, va viée diing phuong phap MOM
trong trudng hop nay co thé tao ra cac ngo ra dang budc (step-wise). Phuong phap
MOM dugc dung voi phép suy dién co nén dung ham y mo (fuzzy implications),
nham chon dugc ngd ra “tSt nhit cé thé”. Suy dién dung nodi suy ham y, cung cap cac
tap hé qua du trung lap (J ager, 1995). Khong dung dugc truce tiép phuong phap COG
trong truong hop nay, do yéu td bat dinh trong ngd ra lam gia tang muc thanh vién,
nhu thi du 3.3. Phuong phap COG s€ cho két qua khong thich hop.

Dé tranh tich phan sb trong phwong phap COG, thuong dung phuong phap cai
tién goi la giai mo dung phuong phap trung binh m& (fuzzy-mean). Tap hé qua mo
duoc giai mo dau tién, nham tim dwoc cac gid tri crisp biéu dién tdp mo, thi du dung
puong phap trung binh-cuc dai b; = mom(B,; ). Gia tri ra crisp dugc tinh tir trung binh
trong luong cua b;:

(3.30)

Trong d6 M 14 s6 tdp mo B; va o; 1a cyc dai cia murc hoan thanh f; trong moi luét c6
hé qua B; . Pé c6 thé tinh gop tap mo B, co thé tinh 2 dung w; = up' (). Phuong phap
nay bao dam tinh ndi suy tuyen tinh gitta cac b;, voi cac ham thanh vién tién dé dugc
tuyén tinh hoa tung doan. Dleu nay khong glong nhu truong hop cua phuong phap
COG, c6 tao yéu t6 phi tuyén, tiry theo dang clia ham h¢ qua (Jager, et al., 1992).

T viée giai mo riéng 18 duoc thuc hién ngoai tuyén (off line), yéu tb h1nh dang va
tring lap ciia tip mo hé qua khong tao ra anh huong, nén c6 thé dugc thay thé truc tiép
bang cac gia tri gidi mo (singletons), xem phan 3.3. Dé c6 thé tinh ting phan sai biét
gitra tap mo h¢ qud, dung phuong phép gidi mo trung binh- mo (fuzzy-mean
defuzzification):



Z%Szb,
" j

f‘,%&
j (3.31)

Trong do S; la phan dién tich ndm duéi ham thanh vién B;. Uu diém cua phuong phap
trung binh mo (fuzzy-mean) (3.30) va (3.31) la cac tham 5O b; co thé duoc udc luong
dung k¥ thuat udc luong tuyén tinh trinh bay trong chuong 5.

y

Thi du 3.6 Xét tap ra mo B’ =[0.2, 0.2, 0.3, 0.9, 1] cua thi du 3.4, trong do6 mién ra la
Y=1[0, 25, 50, 75, 100]. Ng0 ra giai mo c¢6 dugc tur cong thire (3.28):

0,2.0+0,2.25+0,3.50+0,9.75+1.100
y': = 72,12
0,2+0,2+0,3+09+1

Cong suat nhiét ciia bo ddt, tinh tir mé hinh mo 1a 72.12W.

2.4 Ham y mo va suy dién Mamdani
Cau hoi dat ra 1a: Phuong phép suy dién nao tot hon, hay trong truong hop nao thi mot
phuong phap nao thich hop hon phuong phip khac? Dé tim dap sd, can c6 mot phan
tich chi tiét vé cac phuong phap da trinh bay, diéu nay ngoai muc tiéu cua tai liéu nay.
Tuy nhién, ta co thé dung cac thi du minh hoa sau.

Thi du 3.7 (Uu diém cta ham y mo) Xét ludt nén v& & hinh 3.10. Cac luat R, va R,
biéu dién quan h¢ don di¢u gian don (monotonic) (xap xi tuyén tinh) cua hai bién.

1 [ [

R:Z Ifxis ZeTo -L"“-L.L___ then v 15 ZETO T

R:Hxis " large then y is " large

1
RyoIfxis cina 1& then y is

Y
01 82 03 04 0

Hinh 3.10 Luit nén diroc xern xat

Thi dy viéc thiét 1ap luat nén cia luat diéu khién ti 1&. Luat Ry, “Néu x la small
thi y 1a not small”, biéu dién mot dang “ngoai 16” tir quan h¢ don gian cua phép noi
suy tur hai luat trude do. Trong diéu khién, luat nay co thé gap cac hién tuong khong
mong mudn, nhu ma sat tinh. Thi dy, khi diéu khién mot dong co dién co luc ma sat
Coulomb 16n, khi dua vao dong dién bé vao dong co, khong quay dugc do khong vuot
qua lyc ma sat dugc, ma chi tiéu tdn nang lugng. Ba luat nay co thé xem 1a truong hop



don gian cua kién thic tong quat co ban, cic thong tin sau hon thi dugc dung bd
sungtrong cac thira sb ngoai 18 (terms of exceptions).

Hinh 3.11a minh hoa két qua ciia phuong phap suy dién Mamdani, ding phép giai mo
COG. Ta thdy 1a phuong phap Mamdani chua hoat dong tét. Ly do 1a phép noi suy 1a
do giadi mo tao ra ma khong phai tir ty than co ché suy dién. Sy hién dién cta luat tha
ba 1am méo dang dang ké phan gdc, hau nhu c6 dic tinh tuyén tinh, cing véi ving
trong d6 R, c6 murc thanh vién 16n nhat. Muc tiéu 13 tranh cac gia tri bé cho y dd khong
thuc hién duoc.

Hinh 3.11b v& két qua cua suy dién luan 1y dung phép ham y Lukasiewicz va
phuong phap giai md MOM. C6 thé thay 13 luat thir ba hoan thanh nhiém vu cia minh,
tire 14 1am cho hé mo thoat khoi viing ¢6 ngd ra gia tri thap (xung quanh 0.25) khi cac
gia tri vao thap (xung quanh 0.25). Dang chinh x4c cta 4anh xa vao-ra tiy thudc vao
viéc Ira chon céc toan tir suy dién dic thu (ham y, t6 hop), nhung dép img chung van
gitra khong d01
Can thiy rang, suy luan dung phép ham ¥ co mot s yéu cau vé viéc trung lap
(overlap) ctia cac ham thanh vién hé qua, c6 thé rat khé thyc hién khi ding nhiéu ngd
vao (Jager, 1995). Hon nita, phuwong phap ndy thuong can duoc thiét 14p dung céac
quan hé mo va luat suy dién t6 hop, 1am ting thém yéu cau vé tinh toan.

H : L 3
e e, ¥

o ‘.
o e

h 2 a P &
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TR b T
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0 0l 0.2 0.3 =%} 0.3 0.E 0 ol 0.2 0.3 04 0.3 0.&
x =

(&) Suy difn Mamdani (1) Suy dign ding phép ham ¥ Lukasiewicz
Hinh 3.11 Anh %a vao-ra dung ludt nén hinh 310 61 hai phuong phap suy d1én
khéc nhau. Déu hidu'o' chi va ngd gidi méra cla cée [udt Ryvh Ry, ddu '+ vé ngd
ra gal md coa luat chung

2.5 Cic luit ¢6 nhiéu ngé vao, Lién két logic

Trude day, chi gidi thiéu mo hinh ngén ngir theo cach thong thuong gdm céc trudong
hop SISO va MIMO. Truong hgp MIMO, tat ca cac tdp mo trong mo hinh duge dinh
nghia trong mién vecto dung ham thanh vién nhiéu blen (multivariate membership
functions). Tuy nhién, d¢ tién thi nén viét cAc ménh dé tién dé va hé qua thanh t6 hop
cia cac ménh d& mo c6 cac ham thanh vién don bién (univariate membership
functions). Toan tir logic mo (lién két: connectives), nhu la conjunction, disjunction va
negation (phep bu), co thé duoc dung t6 hop cac ménh dé nay.

Két ndi and va or dugc thiét 13p dung lan luot phep 7-norms va ¢-conorms. Co
v0 s6 phép r-norms va t-conorms, nhung thuc té thi chi c6 mot sb toan tir 1a dugc dung
nhiéu. Bang 3.3 liét ké ba dang thong dung nhat.



Viéc lua chon t-norms va ¢-conorms cho logic két ndi phu thudc vao y nghia va
ngit canh cta cac ménh dé. Cac toan tir max va min do Zadeh dé nghi thi bé qua yéu to
du thtra (redundancy) thi du trong phép t6 hop (conjunction or disjunction) thi dung
hai ménh dé mo gidng nhau dé giéi thiéu cing mot ménh dé:

HANAE) SUACOA pa(x) = pa(x), (3.32)
HaoA(X) <AV pA(x) = pA(x). (3.33)

Bing 3.3 Cac todn ty thudng dung
md ta phep k¥t ndi and vi or

and of name
min{a, b) mea(a, b) Zadeh
max{a—+b— 1,00 min(a+5,1) Lukasiewicz
ab a+b—ab probability

Diéu nay khong dung véi cac t-norms va t-conorms khéc. Tuy nhién, khi cac ménh dé
mo khong bang nhau, nhung ching twong quan hay twong tac véi nhau, thi co thé
dung cac toan tir khac nhu min va max.
Néu cac ménh dé lién quan dén céc vii tru khac nhau, thi két ndi lo gic tao ra tap
mo nhiéu bién. Xét ménh dé sau:
P ‘X la A] va X2 lé.Az

Trong d6 A4, va A, cb6 ham thanh vién 1 (x;) va i (x2). Ménh dé p c6 thé duogc biéu
dién dung tdp mo P cd ham thanh vién:

up (x1, x2) = T(uar(x1), aa(x2)), (3.35)
trong d6 T 13 t-norm nham mé hinh két ndi and. T6 hop cac ménh dé lai 1a mot ménh
& Phu dinh trong ménh dé mo c6 lién quan dén phép bu cta tp mo.

V6i ménh dé
P x lanot4
Phép bu chuén (standard complement) cho két qua:
tp () =1 = puy(x)

Thudng gap nhat 1a dang conjunctive form cia tién dé, dugc cho tur:

H:Néux; 1a 4y va x;ladpva. .. vax,1a 4, thi y1a B,
i=12... K (3.36)



Cht y 1a m6 hinh trén 1a truong hop dac biét cua (3.1), voi tdp mo 4, trong (3.1) cb
duoc tu tich conjunction Cartesian cua tap mo A;: A; = Aiy X Ap *x - -xA;,. Nhu the,
khi ngd vao la crisp thi mtirc d¢ hoan thanh (bude 1 trong Algorithm 3.1) dugc cho
boi:

Bi = tain XOA pan(2) A=A pgip (%), 1<i <K (3.38)
Tap céc luat trong dang tién dé conjunctive chia mién ngd thanh mat luéi (lattice) cia
hyperboxes mo, song song vdi cac truc. Tung hyperboxes la khong gian tich Cartesian
giao (intersection) voi tdp mo univariate twong Gng. Diéu nay duoc v& ¢ hinh 3.12a.
S luat trong dang conjunctive, can duoc phii hét mién, cho boi:

Trong d6 p 1a mién cua khong gian vao va N; la so thira s6 ngobn ngilt cua bién tién dé
thir 7.

(a) (b} (c)

(A

g
-
=

T M Y
e

g oA . A A T A,. F A
L N WL L R,

Hinh 3.12 Cac partition khic nhau chia khng gian tién dé. Mién cd méu xim dinh nghia
yung trung lap (overlapping)cia tap mo

Bang cach két hop cac phép conjunctions, disjunctions va negations, co thé tim duoc
nhiéu partitions khac nhau cua khong gian tién dé, tuy nhién, cac duong bién bi gidi
han trong cac ludi vudng dugce dinh nghia tir cac tap mo cia ting bién, nhu trong hinh
3.12b. Thi du, xét luét tién dé phii goc trai phia dudi cia khong gian tién dé trong hinh
nay:

Néu X1 la notA13 Véle 121/121 thi. ..
Murc hoan thanh cta luat nay duoc tinh dung phép bu va phép giao:

B =11 a3 D] A 1 (x2). (3.39)

Dang tién dé co cac ham thanh vién multivariate (3.1) la mot dang téng quat nhat, do
khong c6 han ché vé hinh dang cua vung mo. Cac bién gidi gilta cac vung nay co thé
1a duong cong bét ky va nam xién so voi cac truc, nhu v& trong hinh 3.12¢. Ngoai ra,
mot sd cac tdp mo can thiét dé phu khong gian tién dé co thé nho hon rat nhiéu so véi
truong hop trude d6. Nhu thé, trong hé multivariable phirc tap thi phuong phap bicu
dién dung partition c6 1& 13 phuong phap hiéu qua nhét. Chu ¥ 1a cic tdp mo tir 4, dén



A, trong hinh 3.12¢ van c6 thé chiéu vao trong X; va X, dé co dién dat ngon ngir cia
vung can mo ta.
2.6 Xau chuoi luat (Rule Chaining)

Cho dén nay, chi mé&i khao sat cdu tric mot I6p ciia md hinh mo. Tuy nhién, trong
thue té thi ngd ra cua mot ludt co thé dung lam ngd vao cua luat nén khac. Pidu nay
tao ra cdu trac nhiéu 16p va ludt xau chu01 (chained rules). Thi du truong hop nay xuét
hién trong cac m6 hinh dang phan cap hay bo diéu khién bao gébm nhiéu luat nén. To
chutrc phan cap vé tri thire thuong duoc dung nhu huéng ty nhién trong rat gon d phic
tap. Luat nén 16n co thé phan chia nhiéu bién vao thanh nhiéu luét lién két ndi co sb
ngd vao it hon. Thi du, gia st ludt nén co ba ngd vao, mdi ngd vao gf”)m nam thira sO
ngon ngir. Dung dang conjunctive (3.360), dinh nghia dugc 125 luat nham phu tat ca
cac tinh trang ngd vao. Chia cac luét nén thanh hai lut nén nhé hon, nhu v& ¢ hinh
3.13,tacod tong s0 la 50 luat.

N r

X3 Ludt nén £
Luit rén B, E
X
. £ W A

Hinh 3.13 K&t ndi chéng (cascade) hai luft nén

Mot thi du khac vé rule chaining 1a mé phong hé théng mo dong, trong d6 két
noi dudi luat nén tao ra thyuc t€ gia tri du bao bang moé hinh tao thoi diém &k dugce dung
lam ngd vao tai thoi gian £ + 1. Xét mo hinh hé ro1 rac phi tuyén.

Rk +1) = £ (%(k), u(k)) (3.40)

Trong d6 £ 14 anh xa thuc hién tir luat nén, *(K) | 13 trang thai du béo cia qua trinh tai
thoi glan k (tai cung thoi gian voi trang thai cia mo hinh), va u(k) la ngd vao. Tai bude
thoi gian ké tiép, ta co:

Rk +2) = f(&(k+D,uk+1)= f(f(&0k),u(k)),uk+1) (3.41)

La dang xau chudi luat (cascade chain of rules).

Céu trac phan cép cia ludt nén vé ¢ hinh 3.13 doi hoi phai ¢6 thong tin suy ra tir
Luat nén A dé chuyén sang Luat nén B. Piéu nay thuc hién duogc bang cach giai mo tai
ngd ra cua luat nén thir nhit va phép giai md hé qua tai ngd vao cua luat nén thir hai.
Yéu diém cta phuwong phap nay 1a ham thanh vién can duoc dinh nghia tai bién trung
gian va can chon lya phuong phap giai mo thich hop. Néu kiém tra dwoc gid tri bién
trung gian bang dir lidu, thi chura c6 phuong phap truc tiép dé kiém tra xem Iya chon
da thich hop chwa. Pong thoi, mirc md hoa tai ngd ra cia ting thir nhét duoc go bod
bang phép giai md va phép giai mo ké tiép. Phuong phép nay duoc dung chu yéu trong
m6 phong hé thong dong, nhu (3.41), khi bién trung gian duwgc cung lac dung 1am ngd
ra crisp cia hé thong,
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Mot kha nang khac la dua truc tiép tap mo tai ngd ra ciia luat nén tha nhét
(khong can giai mo) vao lut nén thir hai. Uu diém ctia phwong phap nay la khong can
thém bt ky thong tin nao tir nguoi dung. Tuy nhién, trong truong hop tong quat, thi to
hop quan hé can thyc hién phép roi rac hoa cac mién va céc thiét 1ap thuong phure tap.
Trong trudng hop phép suy dién max-min Mamdani, thi phép suy luan cé thé dwoc
don gian hda, do murc thanh vién cia tap ra mo truc tiép tré thanh murc thanh vién cia
ménh dé tién dé trong do xuét hién cac thira s6 ngbn ngit dac thu. Thi du, gia su suy
luan trong Ludt nén A tao mirc hoan thanh tinh gdp cia thira s6 ngoén ngir B, dén Bs:

w = [O/Bl, 07/32, 0. 1/B3, 0/B4, O/Bs]

Mirc thanh vién ciia ménh dé “Néu y 13 B,” trong luat nén B 14 0.7, mure thanh vién cua
ménh dé “Néu y 13 B;” 13 0.1, va cic ménh dé voi cac thira sé ngdn ngit con lai o mirc
thanh vién la zero.

3. Mo hinh Singleton
Mot truong hop dac biét cua md hinh ngon ngt mo khi tap mo hé qua B, 1a tap
singleton. Céc tap nay co thé dugc bi€u dién dung céc so thuc b;, cd dugc tir cac luat
sau:

R:Néu x1a 4, thi y=b, =12 ... K (3.42)

Mo hinh nay duogc goi 1a mé hinh singleton. Khac véi mo hinh ngdn ngit, sé lwong cac
singletons phan bi¢t trong luat nén thuong khong bi gidi han, tirc 13 moi luat co thé co
cac singleton h¢ qua riéng. Trong md hinh, phuong phap gidi mo COG tao ra trong
phuong phap trung binh-mo& (fuzzy-mean method):

> b
W

=R (3.43)

y:

Chu y rang tat ca K luat déu dong gop cho viée giai mo, khac voi phuong phap ¢
(3.30). Diéu nay c6 nghia la néu co hai lut c6 cung hé qua singleton déu tich cuc, thi
singleton dugc tinh hai 1an trong trung binh trong lugng (3.43).
Khi dung (3.30), mdi hé qua sé chi tinh mot lan khi trong luong b::ing hay 16n hon hai
muc d6 hoan thanh. Cha ¥ 1a mé hinh singleton c6 thé dwoc xem 1a trudong hop dic
biét ctia mo hinh Takagi—Sugeno, gi6i thidu trong phan 3.5.

Uu diém ctia m6 hinh singleton so véi mé hinh ngon ngir 13 cac tham sé hé qua
b; c6 thé duoc tinh dé dang tir dit liéu, dung k¥ thuét binh phuong t6i thiéu.
M6 hinh m¢ singleton thudc vao nhém chung cac ham xap xi tong quat, duoc goi la
khai trién ham co sé, (Friedman, 1991), ¢6 dang:

y=3 4 @b,
= . (3.44)



Pa sb ciu truc dung trong h¢ nhan dang phi tuyén, nhu mang norén nhan tao, mang
ham radial basis, hay splines, tiy theo dang hé thong. Trong m6 hinh singleton ham
co 5O ¢(x) duge cho boi muc hoan thanh chuan hoa cua luat tién dé, va cac hé sd b; 1a
hé qua. Noi suy da tuyén tinh giita cac luat hé qua c6 duoc néu:

= ham thanh vién tién dé c6 dang tam gidc, cac cip trung lip (pairwise
overlapping) va mutrc thanh vién tinh tong dén mot cho moi1 mién thanh phan.
* todn tu tich dugc dung bicu dién phép and két noi trong luat tien dé.

Thi dy vé (univariate) dugc v& ¢ hinh 3.14a.

R& rang, mé hinh singleton c6 thé dung biéu dién co thé biéu dién anh xa tuyén
tinh c6 dang:

P
y=k'x+q=) kx +q
= (3.45)

Trong truong hop nay, ham thanh vién tién d¢ phai la dang tam giac. Hé qua
singletons c¢6 thé tinh dung cach wéc luong anh xa mong mudn (3.45) cho 18i cores a;
cla tdp mo tién dé A;; (xem hinh 3.14b):

p
b, = ijaij +q
J=1 : (3.46)

bac tinh nay 1a hitu ich, do m6 hinh mo¢ c6 thé duoc khai tao sao cho bét chude dugce
mo hinh tuyén tinh hay b¢ di€u khién cho trudc (c6 thé 1a khong chinh xac) va co thé
duoc to1 vu hoa sau.

4. M6 hinh quan hé
M6 hinh quan hé mo (Pedrycz, 1985; Pedrycz, 1993) ma hoa twong quan gitra cac thura
sO ngdn ngir dugc dinh nghia trong ngd vao cua hé va mién ra ding quan hé mo. Cac

thanh phan riéng ctia quan h¢ biéu dién cudng do twong quan (strength of association)
gifta cac tap mo. Trude hét, hay xem xét mo hinh mo dang ngdn ngir gdm céc lut sau:

H:Néu x;1a A,,va... va x, 1a Ai,thiyla B, i=12...,K (347
Goi 4, 1a tap cac thura s6 ngdn ngir dinh nghia tap cac bién tién dé X
Ai={4;11=1L2 .. .N}, j=1L2 ...,n

Trong d6 u4;(%j ): X; — [0, 1]. Tuong ty, tép cac thira s6 ngdn ngit dinh nghia tip cac
bién ra y:

B=1{B/|l=12 ... M,



V6i pp(y): Y — [0, 1]. Diém chi yéu dé hiéu dugc nguyén Iy vé cac mo hinh mo dang
quan h¢ la thyc hi¢n luét nén (3.47) dugce biéu dién thanh quan hé crisp S gilra tap cac
thira s0 4; va thtra s6 hé qua B:

S:Al XAZ X 'XA,, xXB —){O, 1} (348)

Goi A = A, x4, % - - x4, 1a khong gian Cartesian cac thira s ngon ngir, (3.48) don gian
thanh S: 4xB — {0, 1}. Chu y 13 néu luat di dinh nghia moi kha nang to hop cia cac
thira s6 tién dé, K = card(4). Thi S c6 thé duoc biéu dién thanh ma tran K xM, chi co
rang budc 1a ¢6 phan tir khac khong trong timg hang.

Thi du 3.8 (Biéu dién theo quan hé cta luat nén) Xét mé hinh hé mo ¢ hai ngd vao x;,
X», va mot ngd ra y. Pinh nghia hai thira sé ngdn ngit cho timg ngd vao:

A, = {Low, High}, A, = {Low, High}, va ba thira s6 cho ngd ra:

B = {Slow, Moderate, Fast}. Tir moi kha nang t6 hop cac thira s tién dé, c6 dugc bdn
luat (cac hé qua duoc chon bat ky):

Néu x, 1a Low va x, 13 Low thi y 1a Slow

Néu x, 1a Low vax, 1a High thiy la Moderate
Néu x, 1a High va x, 1a Low thi y 12 Moderate
Néu x, 1a High va x, 1a High thi y 1 Fast.

Trong thi du nay thi 4 = {(Low, Low), (Low, High), (High, Low), (High, High)}. Cac
luat trén co6 thé duoc biéu dién dung ma tran quan hé S:

Y

T rs Slow Mboderate Fast
Low  Low 1 0 0
Low  High 0 1 0
High Low 0 1 0
High High ] 0 1

M6 hinh quan h¢ m¢ 1a mé rong ctiia quan hé crisp S thanh quan h¢ mo R = [r4]
R: AxB —I0, 1]. (3.49)

Mdi luat dang chira dung tat ca cac kha ning cua thira s6 hé qua, voi timg thira s6
trong lugng riéng, lan luot duge cho boi cac thanh phén ry trong quan hé mo (Hinh
3.15). Céc trong lwong nay cho phép mo hinh dugc tinh chinh t6t hon nham khép dugc
voi1dir lidu.



* Thira s0 ngdn ngirm

Thira s ngdin nglrvio
Hinh.15: Xem quan hé mé 13 dnh xa gifta cée thira s6 ngdn nglt vho vara

Diéu can nhin manh la quan hé R trong (3.49) khac voi quan h¢ trong quan hé

ma héa ngdn ngit luat néu-thi (3.19). Quan h¢ sau la ham thanh vién nhiéu chiéu dinh

nghia trong khong gian tich cua cac mién ngd vao va ngo ra, trong do cac phan tir biéu

dién mirc twong quan giita tmg phan tir crisp riéng trong mién tién dé va hé qua. Tuy

nhién trong mé hinh quan hé mo thi quan hé biéu dién twong quan giita timg thira sd
ngdn ngir riéng 1&.

Thi dy 3.9 M6 hinh quan hé. Dung thira s6 ngdn ngit cta thi du 3.8, dinh nghia mo
hinh quan hé¢ mo dung quan hé R nhu sau:

i
Iy Ty Slow Maoderate Fast
Lew  Low 09 02 0.0
Law  High 0.0 10 0.0
High Low 00 08 0.2
High High 0.0 0.1 0.8

Céac phan tir r; ;MO ta quan hé gilra t6 hop cac thira sb ngdn ngir tién dé va thira so
ngodn ngit hé qua. Picu nay ham y 1a hé qua khong phai chinh xac la bang cac thira s6
ngodn ngir da duoc dinh nghia trude, nhung cho bdi cac td hop trong lwong. Chu y 1a
tong cac trong lwong khong bat budc phai bang mot. Quan hé nay dugc biéu dién theo
dang luat nhu sau:

Néu x, 1a Low vax, 13 Low thi y 1a Slow (0.9), y 1a Mod. (0.2), y 1a Fast (0.0)

Néu x, 12 Low vax, 1a High thi y 1a Slow (0.0), y 1a Mod. (1.0), y 1a Fast (0.0)
Néu x, 1a High va x, 1a Low thi y 1 Slow (0.0), y 1a Mod. (0.8), y 1a Fast (0.2)
Néu x, 1a High va x, 1a High thi y 1a Slow (0.0), y 1a Mod. (0.1), y 1a Fast (0.8)

Céc s6 trong dau ngot 1an luot 12 cac phan tir 7, jcua R.



Phép duy dién ding co sé 1a to hop quan hé (2.45) cua tdp md biéu dién mirc hoan
thanh f; va quan hé R, va dugc cho trong thuat toan sau.

Algorithm 3.2 Suy dién trong mé hinh quan hé mo.

1. Tinh murc d6 hoan thanh:

ﬁi :ﬂAil(xl)/\ e /\IuAlp (xp)x [= 1) 2., K (350)
(C6 thé dung cac toan tir giao khac, nhu phép tich.)

2. Dung t6 hop quan hé w = ° R, cho bai:

o, =max|fB AT, _
7 lsisk j=12 ..., M. (3.51)

3. Gidi mo tap hé qua dung:

,.b,

Mk<

1

V="
Za)]

i (3.52)

~

Trong d6 b, 1a trong tdm cua tap mo h¢ qua B, tinh dugc dung cac phuong phap giai
mo nhu trong tam (3.28) hay dung phuong phép trung binh-cuc dai (3.29) cua tung tap
mo riéng 1€ B,.

Chu y 1a néu R 14 crisp, thi dung suy dién Mamdani véi phuong phap giai mo trung
binh —mo (3.30).

Thi du 3.10 (Suy dién) Gia st khi dung lut nén trong thi du 3.8, ta ¢6 murc thanh vién
nhu sau:

,uLow(X 1)=0.9, ,UHigh(x 1)=0.2 ,uLow(xz) =0.6, ,uHigh(Xz) =0.3,

v6i cac ngd vao cho trude x; va x,. Pé suy ra y, dau tién dung phuong trinh (3.50) dé
tim £. Dung tich -norm, c6 dugc cac gia tri sau:

B1 = prow(x1) * frow(x2) = 0.54 B2 = prow(x1) * prigh(x2) = 0.27
/33 :,uHigh(Xl) ) ,ULow(xz) =0.12 54 :,UHigh(xl) ’ ,UHigh(xz) =0.06

Nhu thé, muc hoan thanh: g = [0.54, 0.27, 0.12, 0.06]. Dung phwong trinh (3.51) dé
tim tdp mo ra w:



(0.9 02 0.0]
0.0 1.0 0.0
[0.54 027 0.12 0.06]o
0.0 0.8 0.2
w=FoR= 00 0.1 08]

(3.55)
Sau cung, dung phuong trinh (3.52), tinh ngo ra giai mo la:

_ 0.54cog(Slow) +0.27 cot(Moderate) + 0.12 cot(Fast)
0.54+0.27+0.12 ' (3.56)
Uu diém chu yéu cia mo hinh quan h¢ 1a tinh chinh dugc 4nh xa vao-ra ma khong can
thay ddi cac tip mo hé qua (thira s6 ngdn ngir). Trong mé hinh ngon ngit, tir két qua
cta tung luat riéng, gidi han trong ludi cac trong tam cua cac tdp mo ra, khong phai 1a
trrong hop ciia mo hinh quan hé, xem hinh 3.16.

Déi voi cac bac ty do cong thém nay, tao ra thém nhiéu tham s6 tur do (cac phan
tir trong quan hé). Néu khong c6 rang budc cua cac tham s6 nay, nhiéu phan tor trong
hang ctiia R c6 thé khic khong, diéu nay co thé ngan trd qua trinh dién dat cia mo
hinh. Hon ntra, hinh dang cua tdp mo ngd ra khong c6 anh huong lén gia tri giai mo
ngo ra, do khi giai mo thi chi quan tam dén trong tam cua cac tap nay.

D@ dang nhan thdy 1a néu cac tdp mo tién dé co tong 1én dén mot va ding to
hop sum—product c¢6 chin, thi c6 thé thay thé bang mé hinh tinh toan hop Iy hon dung
cac hé qua singleton (Voisin, et al., 1995).

i ngdn ngfira

Thira s

N/ AN /i f'—'-
4, "\x,ff 4 X4, X 4\‘ 4,
.-r \I\ : / \.‘ \// '\L\ ‘\

1 LY

Thira sd ngdn nelrvio
Hinh 3.16 Cac khi ning anh xa cla md hinh quan hé md
Thi du 3.11 (M6 hinh quan hé va m6 hinh Singleton) M6 hinh quan hé mo:

Néu x a4, thi y 1aB, (0.8), y 1a B, (0.1), y 1a B3 (0.0).
Néu x 1a 4, thi y 1B, (0.6), y 14 B, (0.2), y 1a B3 (0.0).
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Néu x [a 45 thi y 1a B, (0.5), y 1a B, (0.7), y 1a B3 (0.0)
Néu x [ 4, thi y1a B, (0.0), y 1a B, (0.1), y 1a B3 (0.9).

C6 thé duoc thay thé ding mé hinh singleton:

Néu x is 4, thi y = (0.8b; +0.15,)/(0.8 + 0.1),
Néu x is 4, thi y = (0.6, + 0.25,)/(0.6 + 0.2),
Néu x is 45 thi y = (0.5b, +0.75,)/(0.5 + 0.7)
Néu x is A4 thi y = (0.1b, + 0.955)/(0.1 + 0.9)

Néu cac ham thanh vién hé qua con tao thanh partition, thi mé hinh singleton c¢6 thé
dao ngugc bang cach dién ta thanh mo hinh quan hé twong dwong thong qua phép tinh
muc thanh vién cua singletons trong tdp mo hé qua B;. Cac muc thanh vién nay tro
thanh cic phan tir cia quan hé mo:

ILlBl(b]) lljBZ(b]) e lLlBM(bl)_
R= g (D)) pg, (D)) ooy, (D2)
_luBl(bK) Mgy (D) i pgy, (bK)_ (3.59)

RO rang 1a mo6 hinh ngdén ngir 1a trudong hop dic bi¢t cua moé hinh quan hé mo, khi do R
tro thanh quan hé crisp bi rang budc sao cho chi c6 mot phan tir khac khong dugc phép
ton tai trong tirng hang cua R (moi luat chi c6 mot hé qua).

5. Mo hinh Takagi—Sugeno

M6 hinh m¢ Takagi-Sugeno (Takagi and Sugeno, 1985), thi khac, dung cac ham crisp
trong hé qua. Nhu thé, c¢6 thé xem 14 t6 hop cua phuong phap mo hinh héa dang ngdn
ngit va dang hdi qui toan hoc (mathematical regression) theo nghia 13 tién dé mo ta
vung mo trong khong gian vao, trong d6 cac ham h¢ qua cd gia tri. Céac luat TS co
dang sau:

97 Néu x 13 4; thi y, = fi(x), =12 ... K. (3.60)

Khac vo1 mo6 hinh ngon ngir, ngd vao x 1a bién crisp (vé nguyén tic co thé co bién
ngdn ngir vao, nhung can dung nguyén Iy mo rong (Zadeh, 1975) de tinh gia tri mo
cta y;). Ham f; thi thuong c6 cung dang cau tréc, chi khac cac tham sb trong mdi luat.
Thong thuong, f; 1a ham vecto, nhung dé d& ta xem f; 1a ham v6 huéng. Mot phuong
phap d& dang va thuc té khi tham sb hoa 1a phép affine (tuyén tinh vé tham s6) form,
co luat:

H:Néuxla 4;thi y,=a"x+b, =12 ...K (3.61)
Trong d6 a; 1a vecto tham s6 va b; 1a phan offset vo huéng. M6 hinh nay con dugc goi

la m6 hinh affine TS. Chu y la néu a; = 0 véi mdi i, ta ¢c6 dugc mod hinh singleton
(3.42).



i Small Medium Large

Hinh 3.17 30 hinh mé Tagagi-Sugeno lam bd xép i tuyén tinh timg doan
rmin eila ham phi tuyén.

5.1 Phép suy dién trong mod hinh TS

Cong thtrc suy dién trong mo6 hinh TS 12 mo réng phuong phap suy dién cia mo hinh
singleton (3.43):

= = (3.62)

Khi cic tdp mo tién dé dugc dinh nghia riéng biét nhung cac ving trung lap
(overlapping) trong khong gian tién dé va cac tham sb a; va b; turon g img voi tuyén tinh
hoéa cuc bd ctia ham phi tuyén, mé hinh TS c6 thé xem 1a phép x4p xi timg doan min
(smoothed piece-wise approximation) cua ham nay, xem hinh 3.17.

5.2 M6 hinh TS 1am hé thong gi tuyén tinh (Quasi-Linear System)

M hinh affine TS c6 thé xem Ia h¢ gia-tuyén tinh (tirc 1 hé tuyén tinh c¢6 ngd vao phu
thudc tham s0). D€ minh hoa, dinh nghia mirc hoan thanh chuan hoéa la:

B,(x)
Zﬂ(x)
(3.63)

Ta viét f,(x) mot cach tuong minh la ham cta x nhim nhan manh 13 mo hinh TS 13
dang mé hinh gia tuyén tinh c6 dang sau:

7.(x)=

= (i y.(x)a’ jx + i}/i (x)b, = a’ (x)x+b(x)
= = (3.64)
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“Tham 6’ a(x), b(x) 14 t6 hop tuyén tinh 16i cta cac tham sb hé qua a; va b;, thi du:

a()=>y.a, b=y b
= = (3.65)

Theo nghia nay thi mé6 hinh TS co6 thé xem 1a anh xa tu khong gian tién dé (vao) dén
viing 16 (polytope) trong khong gian tham s ctia hé gia tuyén tinh, nhu mé ta ¢ hinh
3.18.

Tinh chat nay lam dé dang khi phan tich mé hinh TS trong khung sudn tuong tu
nhu hé thdng tuyén tinh. Nhiéu phuong phap di dwoc phat trién nham thiét ké bo diéu
khién bo dicu khién véi cac ddc tinh vong kin mong mudn (Filev, 1996) va dé phan
tich tinh 6n dinh (Tanaka va Sugeno, 1992; Zhao, 1995; Tanaka, et al., 1996).

Parameter space

Rules
Antecedent space P e e
.......... _?It T ‘,'
_..-' \

' 8 \ 8. Polytape
A a,

Small Medium Big

Parameters of a consequent
fonction: y =ax, + d.x,

Hinh 3.18: & hinh T3 ding hé qua affine ¢d thé duoc xemn 14 4nh xa
tir khdng gian tign dé sang tham s6 hé qua

4 St edivim Big
=

6. Hé mo dong
Trong mo hinh hoéa va nhin dang hé thong, thuong gip bai toan xap xi hé thong dong.
Hé dong thay d6i theo thoi gian thuong duoc mo hinh hoa thanh ham tinh ding y niém
trang thai ciia hé théng. Cho trang thai cua hé thong véi ngd vao cho trudce, xac dinh
dugc trang thai ké tiép. Trong thiét 1ap roi rac theo thoi gian, viét:

x(k + 1) =f (x(k), u(k)), (3.66)

trong do x(k) va u(k) lan luot 1a trang thai va ngd vao tai thoi gian k, va f 1a ham tinh,
con goi 14 ham chuyén trang thdi. Nhiéu dang mo6 hinh md c¢6 thé dung 1am xap xi ham
chuyén trang thai. Do khong do duoc trang thai cia qué trinh, nén thuong dung
phuong phap mé hinh hoda vao-ra. Thong dung nhat 1a dang moé hinh NARX
(Nonlinear AutoRegressive with eXogenous input):

Ykl =), yk=1), . ., yk—n+1), u(k), utk=1), . ., u(k—n,+1)). (3.67)

Truong hop nay thi y(k), . ., y(k — n, + 1) va u(k), . .., u(k — n, + 1) lan luot 1a céc
ngo ra va cac ngd vao qua khu va ny, n, la cac so nguyen ¢6 lién quan dén bac cua hé
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dong. Thi dy, m6 hinh mo singleton ctia hé thong dong co thé gom cac luat theo dang
sau:

I Néu y(k)1ady va y(k— ) 1adpva .. yk—n+1)1ad,

vau(k)laB;yva u(k — 1)laByva .. .u(k—m+1)1a B,

thi y(k+1)1a ¢, (3.68)
Theo nghia nay thi dap tng dong can duoc chim soc (taken care) nhd cac bd loc dong
thém vao h¢ mo, xem hinh 3.19. Trong (3.68), b loc dong ngd vao don gian 1a cac
khau tré cho ngd vao va ngd ra, va khong c6 bd loc tai ngd ra. M6 hinh TS dong 1a mot
dang hé thng hoach dinh tham sb (parameter-scheduling) va c6 hé qua 13 cac mé hinh
tuyén tinh v6i tham s6 thuong khac nhau trong timg luat:

9 Néu y(k)1a 4,y va y(k — 1) lélAiz va...y(k—n,+1)1ad,,
va u(k)laB; va u(k—1)1a Bpva ... ulk—n,+1)IlaB;,

yk+1)= Z%J’(k Jj+ 1)+Zb u(k—j+1+c,
thi : (3.70)
Bén canh cac dang h¢ vao-ra thuong dung, caic mé hinh m¢ con co thé biéu dién hé phi
tuyén trong khong gian trang thai:

x(k + 1) = g(x(k), u(k))
y(k) = h(x(k))

trong d6 ham chuyén trang thai g anh xa trang thai hién tai x(k) va ngd vao u(k) sang
trang thai moi x(k + 1). Ham ra / anh xa trang thai x(k) sang ngo ra y(k).
Thi du vé biéu dién mo hinh khong gian trang thai cia mé hinh Takagi—Sugeno:

x(k +1) = Ax(k)+ Bu(k)

Néu x(k) 1a 4; va u(k) 1a B thi { (k) =Cx(k) +c

(3.73)
voi i =1, ... K Truong hop nay thi A;, B;, C;, a; va c; 1a cdc ma trdn va vecto co
chiéu thich hop, lién quan véi luét thi ;.

Bicu dién khong gian-trang thai hitu ich khi kién thirc ban dau cho phép thiét
1ap m6 hinh hé thong tir nguyén 1y thir nhat nhu can bang khdi luong va niang lwong,
Trong cac tai liéu thi huéng nay duoc goi la mo hinh héa trong khong gian trang thai
dang hop tring (Ljung, 1987). Néu trang thai duoc do truc tlep trén hé thong, hay c6
thé cau trac lai tir viéc do luong cac bién khéc, thi ¢6 thé xap xi ca ham g va & ding
k¥ thuat hdi qui phi tuyén (nonlinear regression techniques). Uu diém cta hudng mé
hinh héa dung khoéng gian trang thai 1a ciu triic cia mé hinh c¢6 lién quan dén ciu trac
ctia hé théng thuc, nén cac tham sé mo hinh thuong c6 ¥ nghia thich dang. Diéu nay,
khong gidng nhu truong hop ciia cic mo hinh vao-ra. Hon nita, chiéu cia bai toan hoi
qui trong mo6 hinh khong gian trang thai thuong nhé hon truong hop ciia mo hinh vao-
ra, do trang thai cia hé thong co thé duoc bicu dién ding vecto vdi chiéu thip hon
phuong phap hoi qui (3.67).

Do mo hinh md ¢6 kha ning xap xi ham min (smooth function) dén do chinh xac
mong mudn, (Wang, 1992) cac mé hinh dang (3.68), (3.70) va (3.73) c¢6 thé xp xi bat
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ky ché d6 quan sat dugc va diéu khién dugc cua nhiéu 16p cac hé thdng phi tuyén roi
rac theo thoi gian (Leonaritis and Billings, 1985)

7. Tém tat va cac vin dé cin quan tim

Chuong nay trinh bay phan téng quan vé bon dang mé hinh md dung luat nén: mé
hinh dang ngén nglr (Mamdani-type), mo hinh quan hé mo (fuzzy relational), mo6 hinh
singleton va mo hinh Takagi-Sugeno. Khac biét chii yéu 1a giita cac mé hinh ngdn ngi,
c6 tip mo trong ca luat tién dé& va hé qua, va mo hinh, trong d6 hé qua c6 dang ham
thue (crisp) theo cac bién vao. M6 hinh quan hé mo c6 thé duoc xem 1a dang mé rong
cua md hinh ngdn ngit, trong d6 cho phep cac mirc d6 twong quan khac nhau gitra cac
thira s ngdn ngit tién dé va hé qua.

8. Baitap

1. Dinh nghia bién ngdn ngit. Cho biét khac biét giira bién ngdn ngit va thira sd

ngoén ngr?

2. Phép minimum #-norm c6 thé dung biéu dién cac luat néu-thi twong ty nhu phép
ham y mo (fuzzy implications). Tuy nhién, day lai khong phai 1a ham ham y
(implication function). Giai thich tai sao? Cho it nhat mét thi du vé ham c6 tinh
ham y mo.

3. Xét luat Néu x 13 4 thi y 1a B vé6i cac tap mo 4 = {0.1/x,, 0.4/, 1/x3} va B =

{01, Vya, 0.2/y3}. Tim quan h¢ mo R biéu dlen bang sy that ciia luat mo nay. Pau

tién dung phep minimum #-norm roi dung tiép ham y Lukasiewicz implication. Théo

luan vé sai biét giira cac két qua.

4. Giai thich cac budc cia thuat toan suy dién Mamdani (max-min) cho mot hé mo véi

mot ngd vao (crisp) va mot ngd ramd. Ap dung vao luat nén sau:

1)Néu x 1a 4, thi yla B,
2) Néu x1a A4, thi yla B,
Va
A, =1{0.1/1, 0.6/2, 1/3}, A, =1{0.9/1, 0.4/2, 0/3},
B, ={1/4, 1/5, 0.3/6}, B, ={0.1/4, 0.9/5, 1/6},

Tim suy dién. Tinh tip mo ra B’ khi x = 2.

5. Pinh nghia cac phuong phap giai mo trong tdm va trung binh-cuc dai. Ap dung vao

tap md B = {0.1/1, 0.2/2, 0.7/3, 1/4} va so sanh voi két qua so:

6. Xét cac luat Takagi-Sugenosau:

I)Néu xla Ay va yla Bythi zy=x+y+1
2)Néu x1a A, va yla By thi z,=2x+y +1
3)Néu x 1a 4, va y1a B, thi z3=2x +3y
4)Néu x1a A, va yla Bythi zg=2x+5

Cho cong thirc tinh ngd ra z va tim z khi x = 1, y =4 va tdp mo tién dé 1a
A,={0.1/1,0.6/2, 173}, A,=1{0.9/1, 0.4/2, 0/3},
By ={1/4, 1/5, 0.3/6}, B,=1{0.1/4, 0.9/5, 1/6} .
7. Xét hé dong an y(k+1) = f{y(k), u(k)). Cho thi du vé mé hinh mo singleton ding
duoc dé xap xi hé thdng nay. Cho biét tham sé tw do cia mé hinh?



CHUONG BON: XAU CHUOI FUZZY (FUZZY CLUSTERING)

Ky thuat xau chudi la phuong phap khong giam sat (unsupervised methods) dugc dung
khi t6 chire dit liéu thanh nhom (dung tinh giong nhau cua timg myc dir liéu riéng. Hau
hét cac thuat toan xau chudi déu dung céc phuong phap thong ké truyén thong, nhu
phuong phap phan bd dir liéu théng ké co s&, nén rat hitu ich trong truong hop biét rat
it thong tin ban dau. Kha ning cta cac thuét toan xau chudi trong nham phét hién ciu
trac co ban (underlying structures) trong dit liéu, va dugc khai thac trong rat nhiéu tmg
dung nhu Xép 16p, xir Iy anh, phan loai mau, mo hinh va nhan dang.

Chuong ndy trinh bay tong quan vé thudt toan x4u chudi mo trén nén c-means.
Poc gia ¢ thé tham khao thém vé phép xau chudi mo trong tai liéu c6 dién cua Duda
va Hart (1973), Bezdek (1981) va Jain va Dubes (1988). Gan ddy co thém phan tong
quan vé cac thuat toan xau chudi cuia (Bezdek and Pal, 1992).

1. Cacy niém co ban

Trinh bay cac y niém co ban vé dir li€u, chudi cluster, va chuoi prototypes cung tong
quan v¢€ nhiéu huong xau chuoi khac.

1.1 Tap dir liéu
K¥ thuat xau chudi co thé 4p dung cho dir liéu dinh lu’ong (dang so) dir li¢u

dinh tinh (khang dinh), hay hdn hop ca hai. Chuong nay xem xét viéc xau chudi cac dir
liéu dinh lwong. Dir liéu 14 quan sat tiéu biéu cua cac qud trinh vat Iy nao d6. Mdi quan

sat n bién do duoc, nhom thanh vecto ¢dt n-chiéu z;, = zip - . ., an] , 7 € R". Tap
cia N quan satduogc goila Z={z, | k=1, 2, . . ., N}, va dugc bi€u dién thanh ma tran
n x N:
Zn Zn Zin
Z: 221 222 ZZN
| Zy Zyy e Zuy 4.1

Trong thuat ngir vé nhan dang mau, cac cdt clia ma tran nay duogc goi la mau (patterns)
hay ddi tuong (objects), cac hang duoc goi la ddc trung (features) hay hay thudc tinh
(attributes), va Z duoc goi 1a mau hinh (pattern) hay ma tran dir liéu. Y nghia cia cac
hang va cac cot trong Z tiy thudc vao ngir canh. Thi dy, trong chan doan y khoa, cac
cot nay co thé 13 bénh nhan, va céac hang 1a cac hién tuong, hay cac xac nghiém cua
cac bénh nhan nay. Khi dung phuong phép xau chudi trong mé hinh héa va nhan dang
hé théng dong, cac cot trong Z co thé chtra cac mau tin hiéu thoi gian, va cac cdt la cac
bién vit Iy quan sat dugc cia hé thong (vi tri, 4p suit, nhiét do, v.v,..). Dé biéu dién
dugc cac dac tinh dong cua hé théng, cling can c6 thém céc tri qua khtr cua céc bién
nay trong Z.



1.2 Clusters va Prototypes

Co nhleu dinh nghia vé cluster, tuy theo muc tiéu xau chudi. Thong thudng, xem quan
diém rang cluster 1a nhom céac d6i twong gidng nhau nhiéu hon so voi cac thanh vién
cua nhom cac clusters khac (Bezdek, 1981; Jain va Dubes, 1988). Thira sb “twong tu”
can duoc hiéu theo nghia twong tu toan hoc theo nghia chinh xé4c. Trong khong gian
métric, tuong tu thuong duoc dinh nghia thong qua y nghia norm cu ly (distance
norm). Cy ly c6 thé do theo tu than vecto dit liéu, hay 1a cu ly tir vecto dit liéu dén mot
sd (prototype) cia cluster. Cac prototypes thi thuong khong biét dugc trude, va duoc
thuat toan xdu chudi tim kiém cung lic voi viée tao cac partition dir lieu. Cac
prototypes c6 thé 1a vecto cing chiéu voi cac ddi twong dir liéu, nhung ciing co thé
dugc dinh nghia nhu 13 d6i twong hinh hoc “cdp cao”, nhu ham hay khong gian con
phi tuyén.
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Hinh 4.1 Cluster ctia ntugu hinh dang va kich thurée khac nhau
trong B?  Theo (Jain v Dubes, 1988)

Dit liéu c6 thé phat hién céc cluster voi nhiéu dang hinh hoc khac nhau, vé kich thuédc
va mat do nhu mo ta trong hinh 4.1. Do clusters (a) c6 dang cau, cac cluster tur (b) dén
(d) ¢6 thé duoc dic trung 1a khong gian con tuyén tinh hay phi tuyén trong khong gian
dir liéu. Hiéu ning ctia hau hét cac thuit toan xdu chudi thuong khéng chi bi anh
huong tir dang hinh hoc va méat do cua tirng cluster riéng 1€, ma con tir quan hé khong
gian va cu ly bén trong cluster. Céc cluster c6 thé duoc phan cach nhau rat tdt, két ndi
lién tuc, hay tring lap véinhau.

1.3 Tong quan vé phwrong phap xiu chudi
Trong nhiéu tai liéu da gidi thiéu vé nhiéu thuat todn xau chudi. Do ¢ thé xem
cac cluster 1a khong gian con cua tap dit liéu, nén c6 mot kha nang xép 16p cac phuong
phap xau chudi thanh tdp con mo (fizzy) hay crisp (cimg).

Phwrong phdp xdu chudi citng (Hard clustering) dung ly thuyét tap hop cd dién, c6 yéu
cau la d6i twong c6 thé thudc hay khong thudc vé mot cluster. Phép xéu chudi ctmg tirc
la tao cdac partition dit li¢u thanh con s6 dac thu hay cac tap con loai trir nhau.

Phurong phdp xdu chudi mo (Fuzzy clustering) thi trai lai, cho phép cac dbi twong dong
thoi thudc vé nhi€u cluster, voi cac muc thanh vién khac nhau. Trong nhiéu truong
hop, xau chu6i mo con ty nhién hon phuong phap xau chudi cung. Cac d6i tuong trén
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bién giita nhiéu 16p thi khong bat budc phai thudc hoan toan trong mot 16p, nhung co
thé duoc dinh nghia muc thanh vién nam giita 0 va 1, chi thi mac tham gia ctia minh.
Ban chit roi rac ciia phép tao partition cimg con tao kho khin cho cac thuat toan dung
giai tich ham, do cac ham nay khong kha vi.

_ Cac phuong phap xép 16p khac c6 thé lién quan dén cac huéng thuat toan dung
nhi€u k¥ thuat khac nhau (Bezdek, 1981).

= Cdc phwong phdp phdn cdp ding tinh gép (Agglomerative hierarchical methods)
va cac phuong phap phan cdp dung tinh chia (splitting hierarchical methods)
tao cac cluster moi b?mg cach dinh vi lai muc thanh vién tai mot thoi diém,
ding mét s6 phuong phap do luong tinh trong dong thich hop.

» Khi dung phuwong phap graph (graph-theoretic methods), thi Z duoc xem 1a tap
cac nut. Trong luong bién gilta cadc cdp nat dugc tinh tir do luong tinh tuong
dong gitra cac nit nay.

= Thuét toan xau chudi co thé dung ham doi twong (objective function) dé do mirc
khat khao cua cac partitions. Céc thuét todn td1 wu hoa phi tuyén duoc dung tim
kiém cuc tiéu cuc bo cia ham doi tuong.

Phén con lai cta chuwong tap trung vao phuong phap xéu chudi mo dung ham
d6i trong. Céc phuwong phap nay twong d6i dé hiéu, va c6 minh ching toan hoc vé dic
tinh hdi tu va phuong phap danh gia cluster.

2. Phan chia cirng va phan chia m¢

Y niém vé phan chia mo chu yéu ding trong phan tich cluster, nén dugc dung
trong ky thuat nhan dang dung phép xau chu01 mo. Phuong phép phan chia mo va
phan chia possibilistic c6 thé dugc xem la téng quat hoa cia phuong phap phan chia
cing dd duoc tao dung cac tap con co dién..

2.1 Phan chia cirng

Muc tiéu ciia xau chudi 1a phan chia (tao partition cho) tap dit liéu Z thanh c
clusters (nhom, 16p). Thi du gia sir 1a da biét ¢ dung kién thirc da co6. Mot tap co dién,
mot partition ctmg (hard partition) cua Z c6 thé duoc dinh nghia 13 ho cac tap con {4i
| 1<i<c} < P(Z)" diung cac dic tinh sau (Bezdek, 1981):

= (4.2)
D cAicZ 1<i<c (4.2¢)
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Phuong trinh (4.2a) c6 nghia 13 tip hoi 4, chira moi dir liéu. Cac tap con nay can thao
r0i dugc, nhu dinh nghia ¢ (4.2b), va khong c6 tip con nao 1a trdng hay chtra moi di
liéu trong Z (4.2c). Ding ham thanh vién (ddc tinh), partition c6 thé duoc biéu dién
mot cach thuan tién qua ma tran partition U = [uy].«y. Hang thr i trong ma tran nay
chira cac gid tri cia ham thanh vién y; cta tip con thir i 1a 4; cia Z. Theo (4.2), phan
tir ciia U phai théa mén céac diéu kién sau:

HeeOLh 1<i<e  1<k<N, (4.30)
z/uik =1,
= 1<k<N, (4.3b)
N
0<> s, <N,
=1 1 <i<c (4.3¢)

Khong gian cia moi ma tran partition cting c6 thé c6 cia Z, dugc goi 1a khong gian
partition phan chia cing (Bezdek, 1981), dugc dinh nghfa la:

M, = {U e R”W|,U,~k c {0,1},Vi,k;zc:yik,Vk;0 < Zv:yik < N,Vz}
i=1 k=1

Example 4.1 Hard partition. Minh hoa ¥y niém partition cting bang mot thi du don
gian. Xét tap dit liéu Z = {z,, z,, . . ., 7o}, V€ ¢ hinh 4.2.

Kiém tra bang mat dir liéu A nay, cho dé xuat hai cluster phan biét nhau (cac
diém dir liéu 1an luot tir z; dén z, va z; dén z,,), mot diém giira hai cluster (zs), va mot
diém nam ngoai “outlier” zs. Mot partition dac biét U € M), cua dir li¢u trong hai tap
con (vuot qua 2'° kha ning tao partitions cing) 1a:

U_1111110000
1o 000001111

&
Ty
& -
z. z
® - L] ™ -
z, zZ, z; z Z
-
) z

Hinh 4.2: Tép dir Liéu trong B2,

Cot thir nhat ciia U dinh nghia ham déc tinh theo diém cua tap con thi nhat 4, cia Z,
va cdt thir hai dinh nghia ham déac tinh cua tap con 4, ctia Z. M6i mau phai dugc dinh
nghia trong mat tap con (cluster) cia partition. Truong hop nay, ca diém trén bién zs
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va diém nam ngoai z; di duoc dinh nghia trong A4;. RS rang la phuong phéap chia
partition cimg khong cho duoc mot hinh anh hién thuc vé dit liéu co ban (underlying
data). Cac diém dir liéu trén bién c6 thé biéu dién cac miu (patterns) dung tinh chat
hon hop cua dir lidu trong 4, va 4,, va nhu thé khong thé duoc hoan toan chi dinh 1a
trong 16p ndy hay 16p khac. Yéu diém nay c6 thé dugc giam nhe khi dung phuong
phap partition md va partition possibilistic nhur trinh bay trong cac phan duéi day.

2.2 Phan chia mo (Fuzzy Partition)
Tong quat hoa cac partition cimg sang trudng hop mo duoc thuc hién bang cach cho

phép s dat cac gia tri thuc trong khoang [0, 1]. Cac diéu kién vé ma tran partition
mo, tuong tu nhu trong (4.3), dugc cho boi (Ruspini, 1970):

o} <o 1<ken (4.42)
2 iy =1,
= 1<k<N, (4.4b)
N
0< Zluik <N,
o 1<i<ec (4.4c)

Hang thtr i trong ma tran partition U chtra cac gia tri cia hanm thanh vién thir i cua
tap mo con A4; trong Z. Phuong trinh (4.4b) rang budc tong ciia moi cot véi 1, nhu thé
thi tong thanh vién ciia moi z; trong Z thi bang mdt. Khong gian partition mo ctua Z 1a
tap

c N
M, = {U e R |, €[01] Vi ks> 1, Vh;0< Y g1, < N,Vi}
i=1 k=1

Thi du 4.2 Partition mo. Xét tap dir liéu trong thi du 4.1. Mot trong vo sd cac
partition mo trong Z la:

/1.0 1.0 1.0 08 05 05 0 0.0 0.0 0.0
100 0.0 00 02 05 05 1 1.0 1.0 1.0

Diém nam trén bién zs bay gio c6 murc thanh vién la 0.5 trong tat ca cac 1op, phan anh
dung dan vi tri nam giita hai clusters. Tuy nhién, can chi y 1 diém nam ngoai zs co
cung mirc thanh vién, cho dii nam xa hon so véi hai clusters, nhu thé c6 thé xem 14 it
tiéu biéu hon cho ca A, va 4, so véi zs. Day 1a vi diéu kién (4.4b) yéu cau 1a tdng cac
thanh vién cia mdi diém 13 bang mot. D1 nhién, co thé cho rang ba clusters thi thich
hop trong thi du nay hon so véi hai cluster. Tong quat, rit kho dé phat hién cac diém
ngoai va chi dinh cho mét cluster ngoai 1¢. Viéc dung partition possibilistic, dugc gidi
thiéu trong phan sau, giai quyét dugc yéu diém cta phép partition mo.



~ ' ~

2.3 Phan chia Possibilistic

Mot dang tong quat hon cta phép partition md 1a partition possibilistic, c6 thé c6 duogc
thong qua vi¢c bo rang budc (4.4b). Tuy nhién, rang budc nay khong bi g& bd hoan
toan nhiam bao dam la tung diém duoc chi dinh it nhét trong mot tdp md con cd muc
thanh vién 16n hon zero. Phuong trinh (4.4b) c6 thé duoc thay thé bang rang budc it
nghiém ngat hon V&, 3i, u;> 0. Diéu kién tao ma trin partition possibilistic 1a:

ol 1<ice 1<ken (4.5a)
3, wu> 0, vk, (4.5b)
N
0<X uy <N,
k=1 1 <i<c (4.5¢)

Tuong tu trudong hop trude day, khong gian partition possibilistic Z la tap

c N
M, = {U e R |, [0} Vi ks g1, VE0< D g1, < N,Vi}
i=1 k=1
Thi du 4.3 Partition possibilistic. Mot thi du vé& ma tran partition possibilistic cia
dir ligu la:
1.0 1.0 1.0 10 05 02 0 00 0.0 00
100 00 0.0 00 05 02 1.0 1.0 1.0 1.0

Do tong cac phan tor trong mdi cot cua U e M. 1a khong con bi rang budc, nén diém
nam ngoai c6 thanh vién 13 0.2 trong tat ca clusters, gid tri ndy bé hon thanh vién cta
diém bién zs, phan anh thuc té 13 diém may it tiéu biéu hon cho hai cluster so v6i zs.

3. Churc nang Fuzzy c-Means
Hau hét cac thuat toan xéu chu6i mo (cling nhu cic thuat toan dugc trinh bay trong
chuong nay) déu dya trén phép t61 vu héa ham muyc tiéu c-means co ban, hay c6 mot
s6 hiéu chinh trén d6. Nhu thé, ta bat dau thao luan vé chirc nang c-means

3.1 Chirc nang Fuzzy c-Means

Mot sb 16n ho cac thuat toan xau chuodi md déu dung phép tbi thiéu hoa chirc ning
fuzzy c-means dugc dé nghi tir (Dunn, 1974; Bezdek, 1981):

¢ N
JZU V)= 3 () |2, v

=N (4.6a)

Trong do
U = [uik] € M. (4.6b)



La ma tran partition mo cua Z,
V=[v, vy ..., V] vi e R” (4.6¢)

1a vecto cluster prototypes (trung tam), dugc dinh nghia theo,

lkA ||Z —v" =(z, —v) A(z, —v,) (4.6d)

La norm cu ly cua tich trong binh phuong (squared inner-product distance norm), va

m € [1,0) (4.6¢e)
la tham s6 dinh nghia do mo (fuzziness) cua céac clusters két qua. Gia tri cua ham chi
phi (4.6a) c6 thé dugc xem la do luong cia phuong sai tong cua z; tir v;.

3.2 Thuit toan Fuzzy c-Means

T6i thiéu hoa chirc ning c-means trong (4.6a) biéu dién bai toan tdi wu hoa phi tuyén
¢ thé duoc giai dung nhiéu phuong phép khic nhau, bao gdm tir phuong phap t6i
thiéu hoa ding budc 13p (iterative minimization), t6i m6 phong (simulated anneahng)
hay thuat toan di truyen Phuong phap thuong dung nhét 1a phép lap don gian Picard
dung diéu kién bac nhat cua diém dimg cua (4.6a), dugc goi 13 thuat toan FCM (fuzzy
c-means).

Céc diém dimg caa ham muc tiéu (4.6a) c6 thé tim dugc bang cac ghép ring
budc (4.4b) vao J bing nhan tir Lagrange:

J(Z;U,V, Q)= ZZ( lk)’"leA+ZZ [Z,ulk }

i=l k=1 (47)
Cho gradient cua J theo U, V va A v& zero. C6 thé thay 1a néu cho Dy, >0,Vi.k va
m>0, thi (U,V) e My, xR, xc chitdi thiéu héa (4.6a) dwgc néu:
1
lLlik = c ( P s
D, /D, "
Jj=1 lkA e 1<i< c, 1<k< N, (483)
va
N
Z(ﬂlk)
Z( zk)
| ' (4.8b)

Nghiém nay ciing thoa man cac rang budc con lai (4.4a) va (4.4c). Phuong trinh (4.8)
la diéu kién can bac nhat dé diém dung cua ham (4.6a). Thuat toan FCM (Algorithm



4.1) tinh Iip tir (4.8a) va (4.8b). Piéu kién du cua (4.8) va hoi tu caa thuat toan FCM
dd duoc ching minh (Bezdek, 1980). Chu y 1a (4.8b) cho v, 1a trung binh trong sb cta
muc dir liéu phu thudc vao cluster, trong do trong lwong la mirc thanh vién. Diéu nay
giai thich tai sao thuat toan dugc goi l1a “c-means”.

Can chu y mot s6 diém sau:

1. Muc tiéu cua nhanh “if...otherwise” trong budc 3 la nhim gidi quyét tinh singularity
xuét hién trong FCM khi D;;4 = 0 véi mot sé z, va mot hay nhiéu cluster prototypes vy,
seSc {l, 2 ..., c}. Truong hop nay thi khong thé tinh duoc mic thanh vién trong

(4.8a). Khi xuét hién didu nay thi chi dinh 0 cho mdi sy, (€S va thanh vién duoc
phan phdi bat ky trong U chiu rang budc Zses Hy =1 , Vk.

2. Thuét toan FCM hoi tu dén cyec tiéu cuc bd ciia chirc ning c-means (4.6a). Nhu thé,
khéi tao khac nhau c6 thé dan dén cac két qua khéc nhau.

3. Budc 1 va 2 thuc hién dé nhung budc 3 thi khé hon, do xuét hién singularity trong
FCM khi Dy = 0 v6i mot s6 z; va mot hay nhiéu v,. Khi xuat hién diéu nay (it khi xay
ra), thi cho céc cluster c6 murc thanh vién la zero.

Véi Dy4> 0 va thanh vién duoc phan bd bat ky doc theo clusters c6 Dy = 0, sao cho
thoa man rang budc trong (4.4b).

4. Mot dang so dd tdi wu khac dung vong FCM véi wée lwong UY™D -vO-UD 16

D_U<e . : :
H . Noi cach khac thi thuat toan co thé duoc khoi tao

U —U"‘”H <e

chdm dut ngay khi “

ding V©, 1ap vong qua V" V- U¥— Vv, va chim dut khi H . Norm
cla sai sd trong tiéu chuan chdm dit thuong duoc chon 1a max,k(|,u Ve ). Co
thé c6 nhiéu ket qua voi cung gia tri cua cua €, do tiéu chuan dirng dung trong thuat
toan 4.1 yéu cau cang nhiéu tham sb 1an can nhau

Algorithm 4.1 Fuzzy c-means (FCM).

Cho tap dit liéu Z, chon sb clusters 1 < ¢ < N, sé mu trong lwrong m> 1, dung sai chap
nhén la €> 0 va norm-inducing matrix A.

Khoi tao ma tran partition mdt cach ngau nhién, nhu U e M;,.

Repeat for/=1, 2, . ..

Step 1: Tinh cluster prototypes (trung binh):
Sy
Sl
=1

!
v()

i



Step 2: Tinh khoang céch (cu ly):

(Z _v(l)) A(Z (1))’

lkA

Step 3: Cap nhat ma tran partition:
for 1 <k <N
ifDya>0 forall i=12 ...,c

|
0 _
lLll'k ¢ >

(DikA / DjkA )2 o

=

Otherwise

0 Z w =1,

_ ()
Hie =0 6D, a> 0, and e SL0-1] wign 5

Dy <
until “ .

3.3 Tham s6 ciia thuat toan FCM

Trudce khi dung thuat toan FCM, can dac trung cac tham so sau: sO luong clusters, c,
thira sO mi ‘fuzziness’, m, dung sai cham dut, ¢, 1a norm-inducing matrix, A. Hon
nira, con phai khoi tao ma tran partition U. Viéc lya chon céac tham s6 nay dugc mo ta
nhu sau:

S6 lwong cac clusters. SO lwong ¢ cac clusters 13 tham s quan trong nhét, theo nghia
1a cac tham sb con lai it gdy anh huong Ién partition tim dugc. Khi xau chudi dirliéu
thue khong c6 mot chut thong tin ban dau vé cau trac dir liéu, thuong dung gla dinh vé
sd cac cluster co ban. Viée chon Iwa cac thuat toan xau chudi tiép tuc véi viée tim
kiém cho c clusters, bat chap 1a chung c6 thyc sy hién dién trong dir liéu hay khong.
C6 hai huéng quan trong dung dinh nghia sb lwong thich hop céc cluster can dwoc
phan biét:

1. Do luong danh gia (Validity measures). Chi s6 vO hudng dung chi thi partition tim
duoc co tot khong. Thuat toan xau chudi thudong quan tdm dén vi tri cia cac cluster
compac hay phan biét r5. Khi s6 cluster duoc chon 1a bang véi nhom dang hién hitu
trong dit liéu, co thé hy cong 1a thuit toan xau chudi s& nhan dang dung ra chung. Néu
khong, viéc nhan dang sai xuat hién. Nhu thé, hau hét cac do luong danh gia duoc
thiét ké dé dinh lrong yéu t6 phan biét cing tinh compac cta cac cluster. Tuy nhién,
theo Bezdek (1981) thi y niém vé do ludng danh gia cac cluster hién con mé va co thé
duoc tao 1ap theo nhiéu phwong cach khac nhau.

Nhu thé, ¢ nhiéu phuong phép do luong danh gia da dugc trinh bay, xem



(Bezdek, 1981; Gath va Geva, 1989; Pal va Bezdek, 1995), trong do, c6 trinh bay chi
s0 Xie-Beni dung cho thuat todn FCM (Xie and Beni, 1991)
c N

ZU V _ =1 k=1 Zk _Vi”z
HEUF)= c.min(”vi—vjuz)

i#j

ik

4.9

dé dugc tim ra va chimg t5 la hoat dong t6t trong thyc té. Chi s6 nay co thé xem 1a ti
sd cua tong phuong sai trong nhom va tinh phén biét cua cac cluster trung tam.
Partition tot nhat tdithiéu hoa duoc gia tri cua y(Z;U, V).

2. Iterative merging or insertion of clusters. Y tudng co ban cua viéc sap nhép cluster
(cluster merging) la bt dau v6i s6 luong 16n cac cluster, réi giam lién tiép s6 luong
ndy bang cach sat nhap céc cluster twong tu (twong thich) theo mot sé tiéu chudn duoc
dinh nghia ro rang (Krishnapuram and Freg, 1992; Kaymak va Babuska, 1995). Ngoai
ra con co thé chép nhan mdt xu hudng nguoc lai, tic l1a bat dau voi mot sb luong it cac
cluster rdi ding bude 1ap chén thém cluster vao ving ma cic diém dir lidu co muc
thanh vién thap trong cac cluster hién hitu (Gath and Geva, 1989).

Tham s6 mo héa (Fuzziness Parameter). Trong s6 mu m cling la tham sd ‘quan trong

, do c6 anh huong 16n 1én do mo cua partition két qua. Khi m tién dén mot, thi
partltlon trg thanh cing (uy € {0, 1}) va v, thanh cac trung binh thong thuong cua
cluster. Khi m — oo, thi partition trd thanh hoan toan mo (u;, = 1/c) va cac trung binnh
cta cluster thi bing trung binh ciia Z. Céc dic tinh gi6i han cua (4.6) thi doc lap véi
phuong phap t6i wu dugc diung (Pal and Bezdek, 1995). Thong thuong, budc dau
thuong chon m = 2.

Tiéu chuin dirng (Termination Criterion). Thuat toan FCM dung tinh 1dp khi norm
cua sai biét gitra U trong hai budc ldp ké tiép nho hon tham sé ding € . Khi c6 norm
t01 da (],u(l) — 1)), thuong chon € =0.001, ngay khi ding € =0.01 c¢6 hoat dong
t6t trong mot s6 tru’(mg hop, do giam thiéu duoc thoi gian tinh ciia may.

Norm-Inducing Matrix. Hinh dang cua cac clusters dugc xac dinh béng viéc lua
chon ma trdn A trong do luong cu ly (4.6d). Thuong chon A =1, cho norm Euclide
chuan:

D= — V) (# — V). (4.10)

Mot chon lya nira 1a cia A 1a ma tran duong chéo (diagonal matrix) dugc tinh theo
nhiéu phuong sai trong cac chiéu cua hé tryc theo Z:



(/e 0 - 0 |
Sy 0 /e, -+ 0
0 0 - (l/on)

J. @.11)

Ma trén ndy din dén chuan duong cheo (diagonal norm) trong R”. Cubi cing, A
con c6 thé duge dinh nghia 1a phan nghich ctia ma tran déng phuwong sai cia Z: A =
R, trong do:

1
N

> (e = 2)e, -2

(4.12)

V6i Z 1a trung binh cua dit lidu. Trong truong hop nay, A dan dén chuan Mahalanobis
trén R”.

Norm anh huéng Ién céc tidu chuan xau chudi bang cach thay doi do hrong muc
khong twong déng. Norm Euclide din dén cac cluster ‘hyperspherical (cic mit va cac
thanh vién hang so 1a hyperspheres). Ca hainorm vé diagonal va Mahalanobis déu tao
ra cac cluster hyperellipsoidal. Khi ding norm diagonal, thi truc cta si€u ellip 1a song
song v&i hé truc, con norm Mahalanobis thi hudng cua siéu ellip la bét ky, nhu v&
trong hinh 4.3.

Han ché thuong gip cta thuat toan xau chudi ding cy ly ¢b dinh 1a norm cudng
btrc ham muc tiéu dén cluster prefer cia hinh dang nao dé ngay ca khi chung khéng
hién dién trong dir li€u. Thi du sau ddy minh hoa déu trén.

Euclidean norm Diagonal norm Mahalonobiz norm

Hinh 4.3: Cic norm cu ly khac nhau ding trong xau chudi me

Thi du 4.4 Xau chudi ding Fuzzy c-means. Xeét tap dur licu téng hop trong R, bao
gom hai cluster phan biét rd cta nhiéu dang khac nhau, nhu mo ta trong hinh 4. 4 Cac
mau cua ca cac cluster dugc vé tir phan bd chuén. Do 1éch chuan cho cluster phia trén
1a 0.2 cho ca hé truc, trong khi cluster dudi 1a 0.2 cho truc ngang va 0.05 cho truc doc.
Thuat toan FCM duogc dung cho tap dir liéu ndy. Ma tran norm-inducing dugc thiét lap
v6i A =1 cho ca hai clusters, thira s trong Iwong dang mu 1a m = 2, va tiéu chuin
dimg €= 0.01. Thuat toan duoc khai tao ding ma tran partition ngau nhién va hoi tu
duoc sau 4 bude lip. Tir duong cong mé ta mire thanh vién trong hinh 4.4, ta thiy 1a
thuat toan FCM tao hinh dang tron cho hai cluster, ngay ca khi hinh dang cua cluster
thir hai bi kép dan ra.

Chu y 1a hién khong c6 trg giip nao khi chon gia tri A khac, do hai cluster c6 cac hinh
dang khac nhau. Thong thuong thi can nhiéu ma trdn A; nhung lai khong c6 dwoc
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huong dan budc dau dé chon ching. Trong phan 4.4, ta s& thiy 14 cdc ma trin nay co
thé duoc cap nhat dung udc lwong ddong phuong sai (data covariance) cta dir liéu. Thi

du 4.5 trinh bay partition c6 dugc dung thuat toan dung norm cu ly thich nghi, thuat
toan Gustafson—Kessel.

1

0.5

—0.5

i |
-1

Hinh 4.4 Thuft todn FCM tao ra hinh ciu trong cée cluster, bt chip phin
bd dit liéw hién tai. Cac cham bidu dién diém dir 1iéu, “+' 14 trung binh cia
cluster Bdng thé cfing trinh bay dudng ding rmite oiia cde cluster. Ving
sém mau tirong ing vor mie thanh wén vao khoang 0.5

Ma tran partition ban diu. Ma trin partition thuong duoc khoi tao ngﬁu nhién, sao
cho U € M;.. Mot hudéng don gian dé c6 diéu nay 1a khoi tao cac trung tam cluster v;
ngau nhién va tinh toan gia tri U twong Gmg dung (4.8a) (tirc 1a dung bude thtr b cla
thuat toan FCM)

3.4 Mé rong cua thuat toan FCM
C6 nhiéu mé rong ndi tiéng vé thuat toan tir FCM:

* (Céc thuat todn dung cac do luong cu ly thich nghi, nhu thuat toan Gustafson—
Kessel (Gustafson and Kessel, 1979) va thuat toan ude luong (fuzzy maximum
likelihood) (Gath and Geva, 1989).

= Céc thuét toan dung siéu phing (hyperplanar) hay prototypes chirc ning, hay
cac prototypes dugc ham dinh nghia. Po 1a fuzzy c-varieties (Bezdek, 1981),
fuzzy c-elliptotypes (Bezdek, et al., 1981), va cac md hinh hdi qui mo
(Hathaway and Bezdek, 1993).

= Céc thuat toan tim kiém cac partition possibilistic trong dir liéu, tirc 13 céac
partition trong d6 cac rang budc (4.4b) dugc giai tda.

Phan tiép theo, ta chi trong dén thuat toan Gustafson—Kessel.
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4. Thuat toan Gustafson—Kessel

Gustafson va Kessel (Gustafson and Kessel, 1979) dd mé rong thuat toan FCM chuén
thanh thuat toan ding norm cu ly thich nghi, nham phét hién cac cluster c6 cac dang
hinh hoc khac nhau trong tap dit liéu. Mdi cluster c6 ma tran norm-inducing matrix A;,
c6 duoc tir cac norm dung tich trong:

D’y = (i — v)'A'@Z — V). (4.13)
Ma tran A, thuong dung 1am bién tdi wu trong c-means functional, nén cho phép mdi

cluster cap nhat norm cu ly tu cAu trac topd cuc bo cua dir liéu.. ham muc ti€u cua
thuat toan GK duoc dinh nghia la:

JZUVAAD =33 (u, ) D2,

par gy (4.14)
Ham muc tiéu khong thé tbithiéu hoa mot cach tryc tiép theo A,, do 13 tuyén tinh theo
A;. Bé giai quyét, can gidi han A, theo mot s cach. Phuong phép thuong dung 13 rang
buodc dinh thirc cua A;:
|A1| =Pi P > O, Vi. (415)

Diéu nay cho phép ma tran A; thay d6i khi dinh thirc khong doi twong mg véi hinh
dang cua cluster can t6i vu hoa trong khi khdi lwong dugc giita khong d6i. Dung
phuong phap nhan tir Lagrange, c6 duoc cac biéu thirc sau cho A; (Gustafson and
Kessel, 1979):

A; = [p; det(F)]""F ', (4.16)

Trong d6 F; 1a ma tran ddng phuong sai cta cluster thir i duoc cho béi:

> (u ) = ey )

F, =%
(a4 )"
: , (4.17)

M=

=~
Il

Chu y la viéc thay thé cac phuong trinh (4. 16) va (4.17) vao (4.13) cho norm cu ly
binh phuong ton quat Mahalanobis, trong d6 dong phuwong sai dugc lwong hoéa dung
muc thanh vién cta U. Thuat toan GK dugc minh hoa trong Algorithm 4.2 va trong
thiét 1ap MATLAB tim trong phan phu lyc. Thuat toan GK duoc tinh toan phirc tap
hon so véi truong hop FCM, do phan ddio va dinh thtrc ctia ma tran cluster dong
phuong sai phéai dugce tinh trong tung budce lap.

Algorithm 4.2 Gustafson—Kessel (GK) algorithm.



Cho tap dir liéu Z, chon s6 céac cluster 1< ¢ < N, thira s6 mil trong luong m > 1 va
dung sai dung € > 0 va khoi luong cluster 1a p;. Khoi tao ma tran partition mdt cach
ngau nhién, sao cho U € M,.

Repeatfor/=1, 2, . ..

Step 1: Compute cluster prototypes (means):

N
2 ") 2
) _ k
Vi = N
Z( (1 1))m
=1

l
s

1<i<c.

Step 2: Tinh c4c ma tran cluster dong phuong sai:

N T
(N i v

k
i N( (11))
v 1<i<c.

Step 3: Tinh toédn cu ly:

D} =z ") [p detF) " F Mo, —v0) oo 1<ken

Step 4: Cap nhat ma tran partition:

for 1 <k <N
ifDya > 0foralli=12 ..., ¢
1
o _
Hir < ( )2/(m—1) ’
z DikA /DjkA
j=1
otherwise

(O]
0 _ (1 Z/J =1.
Hi =0 ifpy > 0, andHe €10-1] wigh =

a1V ~U <2

4.1 Tham s6 ciia Thuit toan Gustafson—Kessel

Céc tham s phai dugc dic trung twong tu nhur trong thuat toan FCM algorithm (trtr
ma tran norm inducing A, dugc cap nhat ty dong): s6 lwong cac cluster ¢, thira s6 mu
‘fuzziness’ m, dung sai dung ¢ . Cac tham so0 con lai la khéi luong cluster p;. Khong co
kién thira ban dau ndo, p; chi don gian 1a 1 cho timg cluster. Nhuoc diém cua thiét 1ap
nay la do rang bude (4.15), nén thuat todn GK chi cé thé tim duoc cac cluster co xép xi
cung khdi lwong.



4.2 Dién dat ciia ma tran cluster dong phwong sai

Céu tric riéng ctia ma tran cac cluster dong phuwong sai F; cung cap thong tin vé hinh
dang va hudng ctia cluster. Ti 1& giita chiéu dai cta truc siéu ellip cta cluster dugc cho
tir ti s cin binh phwong cua cac tri riéng ciia F,. Chiéu cia céac truc duoc cho bai cac
vecto riéng F;, nhu v& trong hinh 4.5.

Thuat toan GK c6 thé duoc dung dé phat hién cac cluster doc theo khong gian con
tuyén tinh cua khong gian dir liéu. Céc clusters duoc biéu dién dung nmot siéu ellip
phang, ¢6 thé duoc xem 1a hyperplanes. Cac vecto riéng tuong tng véi cac tri riéng bé
nhat xac dinh tinh trnre giao voi hyperplane, va ¢6 thé duoc dung tin htoan mé hinh
tuyén tinh cyuc bo tdi vu tir ma tran dong phuong sai.

Hinh 4.5: Phirong trinit {z — vi¥ F~Y(x — v) = 1 dinh nghia s18u ellip. Chiéu
dai thix | ciia si8u ellip cho bén VA vh cac chifuduoc &5 mé rdng, trong dd
A wa @y lan lugt latr riéng va vectoriéng coa F,

Thi du 4.5 Thuat toan Gustafson—Kessel. Thuat toan GK dugc ung dung cho tap dir
liéu lay tir thi du 4.4, dung cung céc thiép 1ap nhu thuat toan FCM. Hinh 4.4 cho thiy
thuat toan GK co thé cap nhat norm cy ly thanh phan bd co béan (underlying
distribution) cua dir 1liéu. Cé dugc mot cluster dang tron va mot cd dang ellip kéo dai.
Hinh dang ctia cia céc cluster c6 thé duov xac dinh tir cdu tric riéng (eigenstructure)
cia ma trdn tao dong phwong sai Fi. Céc tri riéng cua cac cluster duoc cho & bang
Table 4.1.

Ta thay rang ti s6 cho trong cot cudi phan anh gan chinh xéc ti s6 ciia do 1éch chudn
(standard deviations) trong tung nhom dir liéu (lan luwot tir 1 dén 4 ). Pbi véi cac
cluster thap hon, vecto don vi riéng tuong ing voi 42, 92 = [0.0134, 0.9999]T, c6 thé
xem la tryc giao voi duong thang biéu dién chiéu cta cluster thir hai, va nhu thé thi
gan nhu 14 song song véi truc doc (vertical axis).

Bing 4.1: Cac tri riéng ofla ma trdn cluster dc’f‘mg phiremg sal cla cac
cluster trong thi du 4.5

cluster A1 Az VAL VA2
upper 0.0352 0.0310 1.0666
lower 0.0482 0.0028 4 1400
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Hinh 4.6: Thuit toan Gustafson-Kessel oo the phat hién cluster ¢é hinh dang
va hurong khac nhan. Cac didm +hidu difn dir li&u. Hinh cdn ghi cie mifre cla
cluster Phén béng s8m mau trong ng vo1 mire thanh vién vao khoang 0.5

5. Tém tiat va cac van dé can quan tam

Phuong phap xau chudi md 13 phuong phap khong giam sat rat manh dung phan
tich dir liéu va kién tao cac mo hinh. Churong nay trinh bay tong quét vé cac thuat toan
xau chudi mo thuong dung nhat. Chuong cho thiy 13 so do tinh lip dang c-means ¢
thé duoc dung két hop voi phuong phap do luong cu ly thich nghi dé phat hién cac
clusters v6i nhiéu hinh dang khac nhau. Pong thoi ciing trinh bay viéc lwa chon cac
tham s6 quan trong do nguoi dung dinh nghia, nhu s clusters va cac tham s6 mo hoa.

6. Bai tap
1. Tim dinh nghia va thao ludn vé khac biét gitta cic partition m¢d va khong mo
(cung). Cho thi du v€ ma tran partition mo va khong mo. Cho biét vu di€m cua

phuong phap xau chudi mé so véi phuong phap xau chudi cimg?

2. Pinh nghia toan hoc cua it nhéat hai norms cu ly khac nhau trong xau chudi mo.
Giai thich veé su khéc biét nay.

3. Trinh bay hai thuat toan xau chudi mo va giai thich sy khéac biét giita ching véi
nhau.

4. Dmh nghia chirc ndng c-mean mo va giai thich moi ky hiéu.

5. Liét ké cac budc can cé dé khai tao va thuc hién thuét toan fuzzy c-means. Cho biét
vai trd va anh hudéng cua cac tham so6 do nguodi dung dinh nghia trong thuat toan?



CHUONG NAM: CACKY THUAT KIEN TAO HE MO

Hai ngudn thong tin quan trong dung xdy dung hé mo 13 kién thire ban dau
(prior knowledge) va dit liéu (data) do lwdong dugc. Kién thirc ban dau c6 duge tir ban
chét xép X1 (kién thuc dinh tinh, heuristics), thuong cé dugc tur cac “chuyén gia”., nha
thiét ké qua trinh, ngudi van hanh, v.v,... Theo nghia nay thi mé hinh md ¢6 thé duoc
xem nhu 1a hé chuyén gia mo don gian (Zimmermann, 1987).

Trong mdt s qué trinh, dit liéu co dugc ghi nhan tir hoat dong cua qua trinh
hay tur cac kinh nghiém nhan dang dac biét dugc thiét ké dé co dir liéu nay. Xy dung
mo hinh md tir dit lidu can cac phuong phap dung logic m¢ va phép suy luén xap xi
(approximate reasoning), nhung cling can cac y tuong tu linh vyc mang noroén, phan
tich dir liéu va cac phuong phap nhan dang hé théng truyén théng. Thu thap dir liéu
hay tinh chinh h¢ mo dung dir li€u duoc goi 1a nhdn dang hé mo (fuzzy systems
identification).

Hai huéng quan trong dé tich hop kién thuc va dit liéu trong mé hinh mo 1a:

1. Kién thirc cia chuyén gia biéu dlen dang ngon ngir dugc chuyen thanh tép cac luét
néu-thi. Tir d6, tao ra dugc mot sd cau tric mo hinh. Cac tham s6 cta cau tric nay
(ham thanh vién, hé qua dang singletons hay cac tham sb ctia hé qua TS) c¢6 thé duoc
tinh chinh dung cac dir liéu vao-ra. Cac thuat toan tinh chinh déc biét khai thac thyc té
1a tai cap do tinh toan, moé hinh mo c¢6 thé duoc xem 14 cdu tric 10p (trong mang)
tuong ty nhu mang norén nhan tao, nén c6 thé dung cac thuat toan hoc dang chuén.
bay 1a huéng mo hinh mo-nordn (neuro-fuzzy modeling).

2. Khi khéong c6 kién thirc ban dau vé hé thdng dang khao sat dé tao luit, thi thuong
dung dit liéu dé tao mo hinh md. Piéu mong mudn 13 cac ludt tim dugc cing cac ham
thanh vién c6 thé cung cap mot dién dat tiép theo vé& hanh vi ciia hé théng (posteriori
interpretation). Mot chuyén gia khi duong dau véi thong tin nay c6 thé thay doi luat,
hay cung cAp mot luat mai, va co thé thiét ké thém cac kinh nghiém nhim tao nhiéu dit
liéu thong tin mdi. Xu hudng nay duoc goi la rut ra luat (rule extraction). Phuong
phap xau chudi mo 1a mot trong nhitng ki thuat thuong duoc ap dung (Yoshinari, et
al., 1993; Nakamori and Ryoke, 1994; Babuska and Verbruggen, 1997).

Di nhién 14 c6 thé két hop cac k¥ thuat nay lai, tiy theo img dung dic thu. Phan
nay mo ta cac budc va cac lya chon co ban dé tao cdc mo6 hinh mo trén nén tri thirc,
va cac k¥ thuat chu yéu dé rut tim luat hay tinh chinh cic mé hinh h¢ mo tir dir ligu.

1. Ciu tric va tham sb
Khi thiét ké mé hinh md& (va cac dang khac), can phan biét hai van dé sau:
cau tric va tham sO cua mo hinh. Céu tric xac dinh tinh mém d&o ctia mo hinh khi xap
xi c4c 4nh xa an. Tham s6 sau do dugc chinh dinh (uw6c luong) dé khop voi dir liéu co
dugc. Mot md hinh voi cau trac phong phu thi co thé xap xi nhiéu ham phure tap,
nhung nhu thé thi s& kém vé tinh tong quat hoa (generalization). Tong quat hoa tdt tic



1a m6 hinh khép duge véi mot tap dir liéu thi ciing khép t6t v6i tap dir liéu khéc trong
cung qua trinh. Trong m6 hinh mo, viéc chon lya cau triic bao gom céc chon lya sau:

= Cdc bién vao va ra. Trong cac hé théng phtrc tap thi rat kho dé xac dinh duoc
bién nao s& duoc dung lam ngd vao cho mo hinh. Truong hop hé théng dong,
con phai udc luong bic cia hé théng. Péi voi md hinh vao-ra NARX
(nonlinear autoregressive with exogenous nput) (3.67) thi can phai lan Iuot
dinh nghia s6 ngd vao vangd ra tré n, and n,. Cic kién thirc ban dau, tim duoc
qua dap umg cua qua trinh cho muc tiéu m6 hinh hoa la ngudn thong tin tiéu
biéu dung cho cac chon Iya vira néu. Poi khi c6 thé dung phuong phap Iya
chon tu dong tu dir ligu, dé so sanh cac chon Iua khac nhau, nham théa man
mot s6 tiéu chi vé tinh nang,

= Cdu triic cdc ludt. Lya chon ndy bao gém dang md hinh (dang ngdn ngt,
singleton, quan h¢, Takagi-Sugeno) va dang cac tién dé (antecedent form) (xem
phan 3.2.6). Yéu t6 quan trong 1a muc tiéu md hinh hoa va kién thirc ¢6 dugc.

" S6 lwong va dang cdc ham thanh vién cho méi bién. Chon lua nay nham xac dinh
tam muirc cua chi tiét tao hat (granularity) ciia mé hinh. M6t lan nita, muc tiéu
md hinh hoa va chi tiét vé& kién thirc co duoe, s& gay anh hudng lén chon lya.
Céc phuong phap ty dong, dung ngudn dit lidu c¢6 thé duoc ding dé thém, bot
cac ham thanh vién trong mo hinh.

= Co ché suy dién, cdc todn tir két noi (connective operators), phwong phdp gidi
mo. Cac chon lya nay bi gidi han tor dang cia moé hinh mo (Mamdani, TS).
Trong céc han ché nay thi tdn tai mot sb yéu td tu do, thi du nhu chon lua céc
toan tir lién két (conjunction operators), v.v,.. Nhim tao diéu kién dé& dang cho
viée téi wu hoa dit liéu cia mé hinh md (qua trinh hoc), thuong dung nhiéu toan
tir khac nhau (tich, tong ) thay vi chi dung céc toan tir chuan 12 min va max.

Sau khi da chon xong mé hinh, tinh ning cia moé hinh md dugc tinh chinh bang
cach chinh dinh cac tham sd. Cac tham sd chinh dinh duge cia mé hinh dang ngdn
ngir la cac tham sb cua cac ham thanh vién tién dé va hé qua (xac dinh dugc tur vi tri va
hinh dang cac ham ndy) va cac ludt (xac dinh duoc tir anh xa gitta ving mo tién dé va
vung mo h¢ qua). Trong dang mo6 hinh m¢ dang quan hé (fuzzy relational models), anh
xa nay duoc ma hoa trong quan hé mo. M6 hinh Takagi-Sugeno c¢6 tham s6 trong ham
thanh vién tién dé va trong ham hé qua (a va b cho truong hop moé hinh affine TS).

2. Thiét ké tri thirc nén

Thiét ké m6 hinh m¢ dang ngdén nglr dung nén tri thirc chuyén gia, can cd cac budce
sau:

1. Chon céc bién vao va ra, cau trac cac ludt, phuong phap suy dién va phuong phap
giai mo.

2. Quyét dinh s6 lwong thira sé ngdn ngir cho timg bién va dinh nghia cic ham thanh
vién tuong Ung.



3. Tao lap kién thurc dung cac luat mo néu -thi.

4. banh gia mo hinh (thuong dung tap dir liéu). Néu mé hinh khong khép duoc véi
tinh nang mong mudn, 1dp lai cac budc thict ke.

Phuong phap nay tuong tw nhu phuong phap thiét ké bo diéu khién 'm0 dung heuristic
(chuong 6.3.4). Chi y 1a thiét ké dung nén tri thirc thi phu thudc rat 16n vao bai toan
phai 1am, cling nhu viéc mé rong va chat luong cua kién thic dang co. Trong mot sb
bai toan, ¢6 thé tim ra nhanh duwgc mo hinh, trong mét sd truong hop thi qué trinh nay
lai tiéu t6n nhiéu thoi gian va khong hiéu qua (dic biét khi phai tinh chinh tha cong
cac tham s6 mé hinh). Nhu thé, nén két hop phuwong thirc thiét ké trén nén tri thire véi
phuong phép chinh dinh tham s dung dir liéu. Phan tiép sau diém lai mot s6 phuong
phap dung tinh chinh tham s6 mé hinh mo dung tap di liéu.

3. Thu thap dir liéu va tinh chinh cAc mo hinh mo¢

Tiém ning 16n nhat cia mé hinh mo 1a kha ning két hop kién thirc heuristic
biéu dién thanh dang céc luat véi thong tin co duge tir do lwong dir liu. Trong phan
nay trinh bay cac phuong phap khac nhau ding udc luong va t6i vu hoa cac tham sb
cta mo6 hinh mo.

Gia su co tap N cac cap dir liéu vao-ra {(x;, y;) | i=1, 2, ..., N} dung cho cau
trac hé mo. Nhic lai, x; € R” 1a cic vecto vao va y; 1a ngd ra vo hudng. it XeRV? 1a
A J / A \ T \ \ ’ ’ ~
ma tran cd cac cot la vecto x ', va ye R" 1 vecto chira cac ngod ra yk:

X=[x,....x3,y=Dn....,l. (5.1)

Phan tiép theo trinh bay cach wéc lwong cac tham s tién dé va hé qua.
3.1 Phwong phap wéc lwgng binh phuwong toi thiéu va hé qua

Cong thue giai mo cho mo hinh singleton va mé hinh TS ¢6 dang tuyén tinh
theo cac tham so h¢ qua, a;, b; (xem lan lwot cac phuong trinh (3.43) va (3.62)). Nhu
thé, cac tham sb ndy c6 thé dugce udc lwong tir dit liéu co6 dugce dung ki thuat binh
phuong tbi thiéu. Goi I';eRY" 1a ma tran duong chéo c¢6 mirc do ham thanh vién
chuan hoa 13 y,(x,) 1a cac thanh phan duong chéo thi k. Dung phép gin thém (append)
mot cot cho X, tao ma trin mo rong X, = [X, 1]. Hon nita, goi X’ 13 ma tran RV *<¢*D
hop thanh tir céc tich cia ma tran I'; and X,

P =0X X, o, TX ] (5.2)

Céc tham s hé qua a; va b; dugc tinh gdp vao mot vecto tham s6 e RXVD.
0=1[a",, b, a5, by, ..., a"x b]". (5.3)

Cho dit liéu X, y, phuong trinh eq. (3.62) viét thanh dang ma trin nhu sau, y =
X0 +e. Tir d6, co thé giai tim tham s 6:



0= [(X')T X'II(X')T y. (5.4)

Pay 14 nghiém binh phuong tdi thiéu tdi wu cho sai s6 du bao bé nhat, va thich hop
cho cac mo hinh du bao (prediction models). Tuy nhién, diéu nay c6 thé 1am phan cuc
(bias) 1én viéc udc lrong tham s6 h¢ qua thanh tham s6 ciia mo hinh cuc bd. Khi can
co uoc luong chinh xac vé tham s6 mo hinh cuc bg, c6 thé ding phuong phap binh
phuong tbi thiéu (weighted least-squares) cho timg luat:

[a";, b =[X.TX.,} 'X, Iy. (5.5)

Truong hop nay thi tham s6 hé qua cho ting luat duoc udc lwrong mot cach doc 1ap, do
do6 khong phan cuc “biased” tuong tac 1én cac luat khac. Khibo qua a; véimoi 1 <i <
K, va dat X, = 1, thi cac phuong trinh (5.4) va (5.5) ap dung truc tiép vao mo hinh
singleton (3.42).

3.2 Mo hinh héa dung bang miu (template)
Trong phuong phap nay thi mién cua cac bién tién dé duoc chia thanh don gian vao
cac so dac thi cua cac ham thanh vién c6 dang va duoc phan bd giéng nhau. Luat nén
duogc thiét 1ap dé bao gdm moi to hop cua cac thira s0 tién dé. Cac tham sb hé qua
dugc udc lwong dung phuong phap binh phuong t6i thiéu.
Thi du 5.1 Xét hé dong phi tuyén duoc mo ta dang phuong trinh sai phan bac nhét:

Yk + 1) = y(k) + u(k)e—"" (5.6)

Dung céac tin hiéu vao dang bac thang (stepwise) dé tao ra cting phwong trinh ndy mot
tap gdbm 300 cip vao-ra (xem hinh 5.2a). Gia st biét dwoc hé thong 1a bac nhat va tinh
phi tuyén chi xuét phat tir y, chon ciu tric luat TS nhu sau:

Néu y(k) 1a 4i thi y(k + 1) = ap(k) + bu(k). (5.7)

Gia s, chua co duge cac kién thtrc tree d6, dung bay ham thanh vién dang tam giac
cach déu nhau, tir 4, dén 4,, duoc dinh nghia trong mién cua y(k), va v€ ¢ hinh 5.1a.
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Parameters @, and b,
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(&) Cac ham thanh vién WK) L] Cac tham sé hE qud e lu'u'ng dipoe &)
Hinh S.1: a) Cac ham thanh vién dang tam giac gi6ng nhau duege thidt l«:e cho ngo ra vk,
b) 20 sénh gnra tinh phi huwén thire o hé théng (Surdng s8m) va thiva 58 xhp =l theo tham
50 heé quid ude luong duoc (dudng diat net)

(=]

Tham s6 hé qua duoc uoc luvong dung phuong phap binh phuong ti thiéu.
Hinh 5.1b minh hoa céc tham sd a;, b; theo cores ctia tdp mo tién dé 4;. Trong d6 ciing



v& phép ndi suy tuyén tinh giita cac tham sé (dudng dut nét) va tinh phi tuyén thuc cia
h¢ (duong sam). Phép ndi suy gitra a; va b; 1a tuyén tinh, do cac ham thanh vién c6
dang tuyén tinh hoa tung doan (tam giac). Co thé thay la phy thudc gilta tham s6 hé
qua va tham sb tién dé xap xi gan ding duoc tinh phi tuyén cta hé thong, diéu nay lam
cho mo hinh tré nén minh bach. Cac gia tri,
a —[100 1.00, 1.00, 0.97, 1.01, 1.00, 1.00]

vab’ =[0.01, 0.05, 0.20, 0.81, 0.20, 0.05, 0.01]", cho thdy murc phi tuyén cao cia ngo
vao va dic tinh dong tuyén tinh trong (5.6). Panh gia mo hinh qua mé phong voi nhicu
tap dir liéu cho & hinh 5.2b.

Céu trac cuc bo trong sudt ciia mo hinh TS cho phép t6 hop d& dang cac mé
hinh cuc bd da co tir phép wdc lwong tham sé va phép tuyén tinh hda cic mé hinh
mechanistic da biét (mé hinh hop trang). Néu do ludng dugc trong mot tim cia ving
hoat dong cua qua trinh, thi cac tham sé cta phan con lai c6 thé tim dwoc bang cach
tuyén tinh hoa (dung gia trj cuc bd) cta mo6 hinh mechanistic cua qua trinh. Gia sir mo
hinh dugc cho boi ham y = f(x). Phép tuyen tinh hda xung quanh tam ¢; cua luat tho 1
ctia ham thanh vién tién d& cho cac tham sd sau cia mé hinh affine TS (3.61):

a. = df
Todx b, =f(c) (5.8)
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Hinh 5.2 Tép dit [i&u nhén dang (a) va tinh ning cia md hinh so wdi
tap danh gia (b). Bwdng sam: qba trinh, dwdng dit nét: ma hinh

Mot yéu diém cia phuong phap bang mau (template-based approach) 1a sO luat
trong mo hinh co6 thé phat trién rat nhanh. Néu khong c6 hiéu biét vé bién tao ra tinh
phi tuyén, thi nén phéan cac bién tién dé thanh cic partition dong déu (partitioned
uniformly). Tuy nhién, d6 phtc tap cua dap ung thuong 1a déng déu. Mot sé ving hoat
dong co thé duoc xap xi tot ding mot mo hinh don, trong khi trong mot sé ving khac
thi doi hoi c6 su phan chia nho hon. Dé bleu dién hiéu qua hon ma dung it luét, thi
thay d6i cac ham thanh vién sao cho chung nam bat dugc dap ing khong dong déu cua
hé théng. Piéu nay can c6 do ludong vé hé théng dé tao ham thanh vién, nhu thao ludn
& phan duéi day.

3.3 M6 hinh neural-fuzzy



Ta da thay 1a cac tham sd tuyén tinh c6 lién quan dén ngo ra co thé duogc ude
lwgng (mot cach t61 uu) dung phuong phéap binh phuong t61 thiéu. Dé t6i wu hoa cac
tham s6 ¢6 lién quan dén ngd ra theo hudng phi tuyén, co thé dung cac thuat toan huén
luyén clia mang nordn hay phuong phap t6i vu hoa phi tuyén. Céac ky thuat nay khi
thac & cap do tinh toan, thi mé hinh md ¢6 thé dugce xem 13 (mang) ¢ cdu tric thanh
16p, tuong tw nhu mang nordn nhan tao.. Nhu thé, xu huéng nay dwa dén phuwong phap
mo-noron (Jang va Sun, 1993; Brown va Harris, 1994; Jang, 1993).

Hinh 5.3 cho théy mdt thi du v& mo hinh mo singleton c6 hai luat duogc biéu
dién theo dang mang. Cac luat do la:

Néu X1 lélA]l va X2 lélAz[ thi y= bl.

Néu X1 131412 va X2 laAzz thi y= b2
Cac nut trong 16p thtr nhat tinh mtrc d6 ham thanh vién cua cac ngd vao trong tap mo
tién dé. Nut tich IT trong 16p thir hai biéu dién toan tir két n6i hé qua. Nut chuan hdéa N
vanut tong T thuc hién toan tir fuzzy-mean (3.43).

A'ﬁ
Hinh 5.3: Thi du Eé md hinh mé singleton ding har lugt
hidu dién mang mé-neron

Khi dung cac ham thanh vién tién dé c6 dang min (thi du ham Gauss)

2
i (5560, )=exp (]

20,
y

(5.10)

Trong d6 cac tham sd c; va g; co thé duoc chinh dinh theo thudt toan hoc dung
phuong phap giam theo gradien, nhu phép lan truyén nguoc (xem phan 7.6.3).

3.4 Mo hinh héa dung phwong phap xau chudi mé

Phuong phap nhén dang dung xéu chu01 md ¢6 cdi ngudn 13 phéan tich nhan
dang mau, trong d6 y niém vé thanh vién xép hang (graded membership) duoc ding dé



biéu dién murc do cua dbi tuong cho trudc, dugc biéu dién nhu vecto dic trung (vector
of features) tuong tu nhu trong mot db ddi twong nguyén mau (prototypical object).
Mirc d6 twong ddng (degree of similarity) co thé duoc tinh toan dung phép do luong
cy ly thich hop. Trén co so tinh twong dong, vecto dic trung c6 thé duoc xau chudi
(clustered) sao cho cac vecto trong chudi 13 cang twong dong cang tot, va cac vecto
trong cac chudi khac nhau cang khong twong dong cang tot (xem chuong 4).
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Hinh 5.4: Dién dat ludt nén tiy phép xiu chudi mer

Hinh 5.4 cho thi dy vé tép dit liéu trong R* duoc x4u chudi thanh hai nhom vaéi
cac prototypes v va v, dung do ludng cu ly dang Eucle. Rut ra dugc luat néu-thi mo
bang cach chiéu cac chudi 1én céc truc.

Céc prototypes con c6 thé duoc dinh nghia 13 cac khong gian con tuyén tinh,
(Bezdek, 1981) hay 1a cac chudi c6 thé c6 dang ellip dung dang ellip dugc xac dinh
thich nghi (thuat toan Gustafson—Kessel, xem phan 4.4). Tt cac chudi nay, rat ra duoc
cac ham thanh vién tién dé va cac tham sb hé qua cia moé hinh Takagi-Sugeno (Hinh
5.5):

Né:u xla 4, thi y=ax+ b,
Neéu x 1a A4, thi y =ayx + b,,

M&i chudi tim dugc biéu dién thanh mét ludt trong mé hinh Takagi—Sugeno.
Ham thanh vién cta tdp mo 4, va 4, dugc tao ra tor anh xa diém-diém (point-wise
projection) ctia cic ma tran partition 1én cac bién tién dé. Tiép dén, cac diém dinh
nghia tdp mo nay duoc xap xi ding cac ham tham sé thich hop. Cac tham sé hé qua
cua timg luat dwoc xac dinh dung phwong phép uéce luong binh phuwong tdi thiéu (5.4)
hay (5.5).
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Hinh 5.5: Xau chuoi mié dang Hyper ellip
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(a) Ham phi tuyén (5.12) Chudi prototype va cac tip miv hrong tng

Hinh 5.6: ¥&p =i mdt him phi tuyén tinh ding md hinh meé Takagi-Sugeno
Thi du 5.2 Xét ham phi tuyén y = f{x) dugc dinh nghia theo diém nhu sau:

y=0.25x, forx <3
=(x — 3)*+0.75, for3 < x <6 (5.12)
y=0.25x+8.25, forx > 6

Hinh 5.6a v& dd thi caa ham nay uéc luong voi 50 mau phan bd déu trong tim  x & [0,
10]. Nhiéu trung binh 13 Zero, phan bo déu co6 bién do 0.1 duge cong vao y.

Tap dir liéu {(xl.,y / )|l - 1’2""’50} duoc xau chu@i thanh bdn chudi
hyperellipsoidal. Hinh phia trén trong 5.6b v& mo hinh tuyén tinh cuc bo c6 dugce tu
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phép xau chudi, dd thi phia dudi v€ cac partition mo. Dung luat dang TS, c6 mo hinh
mo la:

X,:Néu x1a C; thiy =0.29x — 0.03
X,:Néu x1a C, thiy=2.27x — 7.21
X;:Néu x1a C; thiy=4.78x — 19.18
Xy:Néu x 12 C, thiy = 0.26x+ 8.15

Chu y 13 cac hé qua X; va X, thi hiu nhu tuong tng chinh xac voi phuong trinh thir
nhat va thi ba cia (5.12). Cac hé qua X, va X; xap xi vudng goc voi parabol dinh
nghia bai phuong trinh thi hai caa (5.12) lan Iwot theo cac tim cua chudi.

Nguyén Iy nhén dang trong khong gian tich mé rong théng dugc dén hé vao-ra
dong. Truong hop nay, thi khong gian tich dugc tao boi cac bo hoi qui (regressors) tir
cac ngd vao, cac ngd ra co tré va regressand (14 ngd ra can du bao). Thi du, xét mé
hinh NARX béac hai y(k + 1) = f (v(k), y(k — 1), u(k), u(k — 1)). Tap gia tri do luong
duoc 1a, S={u(@), yG) |j =12, ..., Nd}, ma tran hdi qui (regressor matrix) va vecto
regressand (regressand vector) la:

»(2) (1) u(2) u(l) ] y(3) |

P y(3) y(2) u(3) u(2) | @
- : : : : Y= : ’
YN, =D y(N,—2) u(N,—-1) u(N,-2) | V(N,) ]

b

Trong thi du nay thi N = N,—2 ham phi tuyén an y f(x) biéu dién mit (siéu) phéng
phi tuyén trong khong gian tich: ((XxY) R”"'. Mit phang nay dugc goi la mat phang
hoi qui. Céc dir liéu co dugc bleu dién mot mau tr mit phang héi qui. Khi xau chudi
dit liéu, tim dwgc cac mé hinh tuyén tinh cuc bo bang cach xap xi mat phang hoi qui.

Thi du 5.3 C6 thé quan sat dugc mat phang hoi qui trong cac hé thong co bac thap.
Thi dy, xét hé nd1 ti€p gobm khau phi tuyén chét/bao hoa tinh c6 hé dong tuyén tinh bac
mot:

vk + 1) = 0.6p(k) + w(k), (5.13a)
trong d6 w = f(u) cho bdi:
0 -0,3<u<0,3
w= u, O,3S|u|£0,8

0,8sign(u) 0,8 < |u| (5.13b)

Mo ta vao-ra cia hé thong dung mé hinh NARX (3.67) ¢6 thé dugc xem 1a mit phang
trong khong gian (U x Y x Y) « R’, v& ¢ hinh 5.7a. Thi du khéac, xem hé khéng gian-
trang thai (Chen va Billings, 1989):
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x(k+1)=x(k) + u(k),
y(k) = exp(=x(k)). (5.14)

Trong thi du nay, tim duoc mo hinh hdi qui vao-ra y(k + 1) = y(k) exp(—u(k)). Mat
phang hoi qui twong tng v& ¢ hinh 5.7b. Chu y 1a néu ¢ duoc cac do luong trang thai,
thi co thé xap xi riéng 1& cac anh xa trang thai va ngd ra cua h¢, dé c6 dugc bai toan
tuyén tinh (two-variate) va bai toan phi tuyén (univariate) va d=gai dugc dé dang.

""-\.._\___-_\_--

1‘-‘-\-
0o L]
¥E) ufk)

(a) HE co lchan tré va bio hba (b) He F(k-}-l:l—y[:kje}{p(_u{k))_
Hinh 5.7: 13t phing hdi qui cha hai b8 thing phi tuyén ddng

Thi du 5.4 (Nhan dang hé tu hdi qui (Autoregressive System)) Xét chudi thoi gian
sinh ra tr hé ty hoi qui phi tuyén dugc dinh nghia (Ikoma va Hirota, 1993):

2y-2  05<y
SO=7-2y -05<y<05
y(k+1) = f(y(k))+u(k), 2y+2 y<-05 (5.16)

Trudng hop ndy, (k) 12 bién ngiu nhién doc 13p cia N(0, ¢°) véi o = 0.3. Tir dit liu
c¢6 duogc x(k), k=0, ..., 200, va diéu kién dau x(0) = 0.1, thi 100 diém dau tién duwoc
dung cho nhin dang va cac diém con lai ding cho danh gid mé hinh. Dung phép xiu
chudi mo, tim duoc mo hinh affine TS véi ba tap md tham chiéu. Gia st chi c6 duge
mdt kién thire ban dau duge hé ty hoi qui phi tuyén tao ra theo:

vk + 1) =fk), y(k =1), ..., yk —p + 1)) =f(x(k)), (5.17)
v6i p 1a bc cia h¢ théng. Truong hop nay x(k) = [y(k), y(k —1), . . ., y(k —p+D]" 1
veto h6i quy va y(k + 1) la bién dap Gmg. Ma trén Z dugc tao ra tir dr liéu nhan dang:
yp)  yp+h - y(N-D
/7 =
(D) »2) - y(N-p)
yp+D) y(p+2) - y(N) | (5.18)
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Dé nhan dang duogc hé théng thi can tim bac p va dung phép affine TS dé xap xi ham f.
Bac ctia hé théng va s6 chudi (clusters) c6 thé duoc xac dinh dung phép do ludng danh
gia chudi, va dat gia tri thap khi nim & cac partitions “tt” (Babuska, 1998). Po Irong
danh gia nay duoc tinh toan trong tdm cta cac bAcmod hinh p=1, 2. .., 5 va s6 luong
chudic =2 3..., 7. Két qua cho & dang ma tran trong hinh 5.8b. Tri téi (gia trj in
dam) c6 duogc khip =1 va ¢ = 3 twong tng voi (5.16). Trong hinh 5.8a thi do luong
danh gia duoc vé 1a ham theo ¢ voi cac bac p =1, 2. Cha y 1a trong ham nay c6 thé co
nhiéu cuc tiéu cuc bo, va thuong duogc chon nham c6 dugc mo hinh don gian voi it
ludt.

06
Q5
% optimal model crder ¥ 1 2 3 4 5
,_g 04 anel number of clusters - B
T 03 g 2 | 053 033 050 464 127
= a 3 0.03 008 007 021 245
g 02 ) ] 2 4 | 016 019 562 036 160
= | -2 P=2, ® 5 | 008 004 006 018 027
0.1 v & ZE 048 004043 022 0.51
™ - i 7 032 018 207 012 013
2 3 4 3 a 7 (b)

(a) 5é zau chufi

Hinh 5.8: Bo ludng danh gid w91 nhidu bie md hinh va 58 chudi khic nhau

Hinh 5.9a v& 4nh xa chudi vao bién y(k) v6i hé dang bac p = 1 va s6 chudic = 3.
Hinh 5.9b v& cac chuoi (cluster prototypes):

_[-0,772 -0,019 0,751
1 0,405 0,098 —0,410
T ma tran chudi dong phuong sai (covariance) cho du¢i déy ta thidy phuong sai

(variance) trong mot chiéu thi cao hon theo chiéu khac, nhu thé hyperellipsoids la
phang va mo hinh c¢6 thé duoc biéu dién theo quan hé ham giita cac bién khi xau
chudi:
F = 0.057 0,099 F - 0.063 —0,099 P 0.065 0,107

110,099 0,249 > -0,099 0,224 10,107 0,261
Diéu nay duoc xac nhin bing cach xem xét cac tri riéng (eigenvalues) ctia ma trin
(covariance matrices):

11,1 = 0015, 11)2 = 0291,

12’1 20017, 12)2:0.271,
/13’1 =0. 018, 13)2 =0.308.
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{a) Cac partition mér anh xa vao wk) (b M hinh tuyén tinh cyc i nit ra i chom
Hinh 5.9: K&t qua b phép xiu chudi m&khi p =1 va ¢ = 3, Phan (a) v& cac hirn thanh vién
co durgre ty anh xa cac ma tran partition va w(lo). Phan (b) #8 cac chuoi prototype @5 huong
cha che vectoriéng @, va chuéu cia md hinh hé qua (dudng thang)

C6 thé thay 1a véi mdi chudi, thi bac cua tri riéng (eigenvalues) nho hon mot béc.
Dung u6c lwong binh phuong t6i thleu tim duogc cac tham s6 a; va b; cia mo hinh
affine TS. Ham thanh vién dang mil tuyén tinh hoa (2.14) duoc diing dé dinh nghia cac
tap mo tién dé (antecedent fuzzy sets). Cac ham nay khop voi cac chudi anh xa 4; dén
As bang cach ti wu hoa sb cac tham sb ¢, ¢,, wy va w,. két qua duoc v€ thanh duong
dut nét trong hinh 5.9a. Sau khi dat tén cac tap mo nay lan Iuot 1a AM, GAN ZERO va
DUONG, thi m6 hinh TS duoc viét theo:

Néu y(k)1a AM thl y(k + 1) =2.371y(k) + 1.237
Néu y(k) 1a GAN ZERO thi y(k + 1) = —2.109y(k)+ 0.057
Néu y(k) 1aDUONG thi y(k + 1) =2.267y(k) — 2.112

Céc tham sb hé qua uéc lwong dugc twong ing mot cach xap xi v6i dinh nghia cia
doan duong trong phan xac dinh (5.16). Ddng thoi, partition ciia mién tién dé& duwoc
chap nhéan trong dinh nghia ciia hé thong,

4. Mo hinh Semi-Mechanistic

Cung véi thau hiéu vat Iy vé hé thong, thi co thé tao bién ddi phi tuyén tir cac
tin hiéu do luong duoc. Thi dy, khi mo hinh hoa quan h¢ gitra nhiét d phong va dién
ap dat vao 1o dién, thi tin hi€u cong suat duoc tinh tir binh phuong di¢n ap, do chinh
cong sudt chir khong phai 1a dién ap di tao nén su thay d6i ctia nhiét d6 (Lindskog and
Ljung, 1994). Bién moi nay lai duoc dung trong mo6 hinh hop den tuyén tinh thay cho
dién 4p. Nhu cau vé mot bo hoi qui phi tuyén (nonlinear regressors) khong phai la vo
ich (luat, tham sd, v.v,...) dé wéc lwong su kién ma ta thyc su di biét.

Mot xu hudng nira 1a két hop giita mo hinh hop den va mo hinh hop trang.
Trong mot s6 hé théng, thi du nhu trong cac qua trinh sinh-hoa hoc, nhi€ém vy mo hinh
hoa co thé chia thanh hai nhiém vu con: mé hinh hoa mot co ché da biét 15 trén co so
can bang gitra khoi luong va nang luong (nguyén tic thir nhat trong mo hinh hoa: first-
principle modeling), va viéc xap xi phan quan hé chua biét rd thi du nhu téc do phan
g dac thu. M6t s6 xu huéng mo hinh hoa hdn hop da dé nghi viéc két hop nguyén Iy
thir nhat véi mé hinh hoa hop den phi tuyén, thi du ding mang nordn (Psichogios and
Ungar, 1992; Thompson and Kramer, 1994) hay dung mo6 hinh m¢ (Babuska, et al.,
1999). Mang norén hay mé hinh m¢ thuong dugc ding lam bo xap xi phi tuyén van
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ning nham “hoc” quan hé chwa biét (an) tir dir liéu va dung nhu bd du bao (predictor)
cho dai lugng chua do duogc cua qua trinh, la cong viéc rat khd khan khi ta dung
nguyén ly thir nhat.

’ Thi d‘u, mo binh hoa bg fed-batch stirred bioreactor dugc mo ta tir phuong trinh
lay tur can bang khoi lugng (Psichogios and Ungar, 1992):

E X -

(5.202)
S rnox+LE [S ]
dr (5.20b)
dv _F
dr (5.20¢)

Trong d6 X 1a mat do sinh khéi, S 1a mat do chat nén, ¥ 1a thé tich 16 phan Gmg, F 1a
Iru tde vao, ki la hé s6 chuyén ddi tir substrate dén cell, va S; 1a mat do tai ngd vao.
Can bang khéi lwong cung cap mo hinh timg phan. Pong lyc cua qua trinh dugc biéu
dién tir tc 46 ting truong dac thu 7(°) nhim tinh toan chuyén dbi tir nén dén sinh khéi,
va thuong 13 ham phi tuyén phtc tap theo bién qua trinh. Tuy c6 nhiéu mé hinh khéac
nhau d3 duoc dé cap, nhung viée Ira chon mé hinh ding cho qua trinh 13 khong dé
dang. Huéng hdn hop dung phuong phap xép xi 5(-) bang mot mo hinh phi tuyén (hop
den) tir do Iwong cua qué trinh va két hop quan hé phi tuyén nhan dang duogc trong mé
hinh hop tring. Dit liéu ¢ thé tim tir thuc nghiém (batch experiments) vdi F = 0, va
phuong trinh (5.20a) rat thanh biéu thuc:

dX
= —nO)X
dt 1) (5.21)

Trong d6 5(-) 1a di biét. M6 hinh nay dwoc dung trong mé hinh hop tring cho bai
phuong trinh (5.20) cho hai ché do batch va fed-batch. Mot thi du vé Gmg dung cia
huong semi-mechanistic 1a vié¢c moé hinh hoéa (enzymatic Penicillin G conversion)
(Babuska, et al., 1999), xem hinh 5.10.

5. Tom tat va cac van dé can quan tam

Mo hinh héa m¢ la khung suon cho viée két hop nhiéu phuong phap md hinh hoa va
nhan dang khac nhau, va cung cip mét giao dién trong sudt voinha thiét ké hay nguoi
van hanh. Ngoai ra, ddy con 1a mot cong cu mém déo dé mé hinh héa va diéu khién hé
thong phi tuyén. Kha ning dung luat cia mé hinh mo cho phép mé hinh dién dat tuong
ty nhu phuong thirc con ngudi mo ta thé gidi thuc. Cac phuong phép truyén thong
dung phuong thirc danh gia thdng ké trén co sd dir liéu sé hoc dwoc bd sung tir kinh
nghiém cila ngudi chuyén gia, thuong bao ham tri thirc heuristic cing yéu t truc giac.



ETIWITS

PenG + H.0 — = APA

PhaH

Mechanistic model (balance equations)

3+ _‘n'

.-'lLI

Data from batch experiments ani—mcchanintic model /
—-—— [Peat5], —— | 8 [ Pests],
s .-"..P.-". APA] =— e = f—s [H-APA]
\\\— s Al — ! 3
. B — [phall,
- )
- i & | m.
PhAEI.—-—"' CONVErsion rale e, £
. 2 L=
| \ ¥ = va
|I \ n, = b 1

Hinh 5.10 Ung dung hwéng mé hinh hoa semi-mechanistic trong qua trinh
chuyén déi Penicillin G

6. Bai tap

1. Cho biét cic budc can thuc hién khi thiét k¢ mo hinh mo trén nén tri thirc
(knowledge-based fuzzy model). Mot trong nhimng thé manh ciia hé mo 1a kha nang
tich hop cac kién thire dd c6 va dit liéu. Giai thich vé phwong thirc thuc hién diéu nay
trong h¢ mo.

2. Xét mo hinh mo singleton fuzzy y = f(x) c6 hai luat sau::
i) Néu x1a Bé thi y=»bl, ii) Néu x1a Lén thi y=>52.

va ham thanh vién cho trong bang 5.11.
Ngoai ra, con c6 tap dit liéu:

xl=1, yl=3

x2=15, y2=45
Tinh toan cac tham s6 hé qua (consequent parameters) b1 va b2 dé mé hinh co tong sai
s6 binh phurong 14 bé nhét. Cho biét gi tri nay?
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Hinh 5.11: Cac ham thanh wién

3. Xét cac luat mo sau cung cac hé qua singleton (singleton consequents):

i)Néu x1a A1vayla Bl thi z=cl, iii) Néu x [a A1va y1a B2thi z=3,
ii) Néu x1a42vaylaBl thi z=¢2, iv)Néu x 1A 42va y lad B2 thi z=c4.
V& so d0 mang noron-mo twong tng. Cho biét vé cac tham sd tir do (chinh dinh dugc)
trong mang nay? Cho biét c6 thé ding phuong phap nao dé toi wu hoa tham sb tir tap
dtr liéu vao-ra?

4. Viét phuong trinh tong quat cia mé hinh NARX (nonlinear autoregressive with
exogenous input). Gidi thich cac ky hi€u, va cho thi dy vé mot s6 mo6 hinh NARX.

5. Giai thich thuét ngit mo hinh hoéa semi-mechanistic (hdn hop). Ban hiéu gi vé thuat
nglt “chon loc cdu truc” (structure selection) va “woc lwong tham so” (parameter
estimation) dung trong mo hinh nay?



CHUONG SAU: PIEU KHIEN MO DUNG PHUONG PHAP TRI THUC

Phéan nay trinh bay nguyén tic diéu khién mo trén nén tri thirc ding cac so dd diéu
khién md co ban. Trong d6, chu trong dén qua trinh thiét ké heuristic cho b diéu
khién mo. Cac thiét ké dung mé hinh duoc théo luan trong chuong 8.

Piéu khién ty dong 1a mot trong nhitng tmg dung quan trong nhat cua 1y thuyét tap
md. Niam 1974, c6 bao cao vé tng dung thanh cong logic md trong diéu khién
(Mamdani, 1974). Qua trinh diéu khién mo 10 nung xi ming dugc tmg dung trong
cong nghiép som nhat (Holmblad and @stergaard, 1982). Tir san pham dung logic m&
dau tién duoc dua vao thi truong nam 1987, img dung diéu khién mo di gia tang dan.
Mot s6 mai truong CAD dung cho thiét ké hé diéu khién mo di hoa quyén cing phan
cung VLSI trong cac Gmg dung tbc d6 cao. Piéu khién mo d3 dwoc Gmg dung trong
cong nghiép ché bién (Froese, 1993; Santhanam and Langari, 1994; Tani, et al., 1994),
dién tir ti€u dung (Hirota, 1993; Bonissone, 1994), van hanh ty dong xe ltra (Yasunobu
and Miyamoto, 1985) va diéu khién giao thong (Hellendoorn, 1993), cing nhiéu linh
vuc khac (Hirota, 1993; Terano, et al., 1994). ‘

Chuong nay trinh bay céc yéu t6 dau tién da thic day hé diéu khién mo. Tiép dén, giai
thich cac ¥ niém khéc nhau vé diéu khién md: Mamdani, Takagi-Sugeno va hé thong
diéu khién mo c6 giam sat. Sau cung, trinh bay cac cong cu phan cimg va phan mém
gitp thiét ké va thiét 1ap cac bo diéu khién mo.

1. Yéu td thic diy hé diéu khién mo

Ly thuyét diéu khién truyén thong ding mo hinh toan hoc cila ddi twong diéu khién va
cac dac tinh vong kin cuangd ra dé thiét ké bo diéu khién. V'Qin dé 1a tim ra mo hinh la
rat khé khan, dic biét khi hé thong c6 mot phan dic tinh an hay c6 do phi tuyen cao.
Viéc thiét ké by diéu khién cho céc cong viéc hang ngay nhu lai xe, hay cdm nam mot
vat dé vo tuy rat don gian vOi con nguoi nhung lai la van dé kho khin cho mot robot.
Trong khi con ngudi chua can diung dén mé hinh toan hoc hay phai tim ra qui dao
chinh xé4c khi thyc hién céc thao tic diéu khién nay.

Nhiéu qua trinh do ngudi diéu khién trong cong nghiép khong thé dwoc ty dong
hoa tir cac ki thuat diéu khién truyén thong, do kha ning cua cac bo diéu khién thuong
thip hon rat nhiéu so véi ngudi van hanh. Mot Iy do nita 1a cac hé thong tuyén tinh
thudong dugc dung trong hé diéu khién truyén thong thi lai khong thich hop duoc véi
cac bo diéu khién phi tuyén. Hon nita, con ngudi ‘thuong tich luy nhiéu dang thong tin
khac nhau roi két hop trong chién Iwoc diéu khién, diéu nay lai khong tich hop dugce
trong bo diéu khién voi lut dleu khién don nhit dang giai tich. Y trong vé dzeu khién
trén nén tri thire 1a nham nam bat va thiét 1ap kinh nghiém va kién thirc can thiét tir
chuyén gia (thi du ngudi van hanh).

Mot dang dic biét cua phuong phap diéu khién trén nén tri thirc 1a hé diéu khién
dung cac luit mo, theo do tac dong didu khién trong Gmg voi cac diéu kién dic thu cua
hé thong va duoc md ta theo luat mo néu-thi (fuzzy if-then rules). Tap mo duoc ding
dinh nghia ¥ nghia cua cac gia tri dinh tinh cia ngd vao va ngd ra caa bo diéu khién
nhu sai s6 b6, tac dong diéu khién Ion.

Ban dau, dicu khién dugc dung v&i mong muon



= Nhim bit chudc tac dong didu khién ciua ngudi van hanh day kinh nghiém
(phan nén tri thirc)

= Nhim dat duoc yéu t6 ndi suy min (smooth interpolation) giita cac ngd ra roi
rac thuc ¢ (phan logic mo)

Tur d6, tng dung cua diéu khién mo ngiy cang rong rai. Tuy nhién, c6 hai yeu t6 thiic
day quan trong sau. Ban chét ngdn ngir cua diéu khién md cho phép hé thdng dién dat
duoc kién thirc ctia qua trinh gém ca phuong thuc diéu khién va ca phuong thire dap
g cua hé thong. Phuong thirc ndi suy cua diéu khién mo dan dén quan diém 1a c6 thé
xem hé mo 12 so dd xap xi min ham.

Trong hau hét cac truong hop thi bo didu khién mo dugc dung 1am bo didu
khién phan hdi truc tiép. Tuy nhién, hé con duoc dung ¢ cap do diéu khién giam sat
(supervisory level) nhu hé thong tu-chinh (self-tuning device) trong cac bd diéu khién
PID truyén thong. Ngoai ra, dicu khién md con duge dung dé dién dat tryc tiép cac
kién thtrc d3 c6 tir qua trinh. Thi du, bo diéu khlen md ¢ thé duoc dung tir phuong
phap nhén dang d6i tuong diéu khién. Nhu thé can c6 mot dinh nghia tong quat vé hé
diéu khién mo.

Pinh nghia 6.1 (Piéu khién mo) Bo didu khién mo 13 bd diéu khién c6 chira cdc dnh
xa (phi tuyén) dwoc dinh nghia tur cdc ludt mo néu-thi.

2. DPiéu khién mo dé tham so hoa yéu to phi tuyéen cua bg di€u khién

Két qua chu yéu rat tir dinh nghia trén 13 1 dnh xa phi tuyén va ludt mo néu-thi.
Nhu ciu ngiy cang 16n ctia cong nghiép vé chit lwrong va tinh ning cta hé thong trong
mot tam hoat dong rong da dan dén mdi quan tim cang cao vé cac phuong phap diéu
khién phi tuyén trong nhitng ndm gan day. Su xuit hién cta cac ky thuit “méi” nhu
diéu khién mo, mang nordn, mang soéng con (wavelets), va cac hé thong lai cang lam
ting thém mdi quan tim nay.

Hé thdng phi tuyén dugc xem xét thi du nhu khi qua trinh dugc dicu khién 14
phi tuyén hay khi cac dic tinh vé tinh ning 13 phi tuyén. V& co ban thi moi qué trinh
trong thuc té déu 1a phi tuyén, tir yéu té dic tinh dong 13 phi tuyén hay do cac yéu to
rang budc vé trang thai, cac bién vao hay cac bién khac. C6 hai xu hudng can theo 1a:

= Thiét ké ding mé hinh phi tuyén. K¥ thuat phi tuyén cé thé dung trong mo hinh
hoa qua trinh diéu khién. M6 hinh tim dugc c¢6 thé dung lam co s& cho céc thiét
ké diéu khién dung mo hinh. M hinh c6 thé dung khong truc tuyén khi thiét ké

hay dung truc tuyén nhu la mot khau cuna bo diéu khién (xem chuong 8).

= B¢ diéu khién phi tuyén khéng dung mé hinh (model-free nonlinear contro)l.

Ky thuat phi tuyén con dugc dung dé thiét ké trre tiép bo didu khién, ma khong

can c6 mo hinh. Khau phi tuyén c6 thé dung trong vong phan hdi hay duong

truyén thang. Trong thuc té thi cac khau phi tuyén thuong dung két hop véi cac
bo loc myén tinh.

C6 nhiéu phwong phap khac nhau khi dinh nghia tinh phi tuyén. Bao gém cac phuong
trinh giai tich, mang noron dung ham sigmoid, splines, ham radial basis functions,
song con, cac khau mo hinh/diéu khién tuyén tinh héa timg phan. Céc phuong phap



ndy biéu dién nhiéu phuong thirc khac nhau khi tham sb héa tinh phi tuyén nhu trinh
bay ¢ hinh 6.1.
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Hinh 6.1 Cic phirong phap tham 5§ héa hé didu khidn phi tuyén

Cac phuong phap nay da duoc chimg minh 13 nhitng bd xdp xi van ning
(universal function approximators) cho mot s6 dang ham. Diéu nay tirc 1a chiing c6 thé
Xap xi nhiéu dang ham c6 tinh phi tuyén. Tuy nhién, chua thé néi 1a phuong phap nao
1a tt nhit néu chi xem xét dén kha ning diéu khién vong kin. Theo quan diém cta
qua trinh thi khong quan tdm dén tinh phi tuyén ma chi quan tim dén phuong thirc
tham sb hoa tinh phi tuyén nay.

Tuy nhién, bén canh kha nang xép xi thi con ¢6 nhiéu yéu té khac ciing cﬁn
dugc quan tam. Mot trong nhiing yéu t6 d6 1a tinh hiéu qua (effi ciency) cua phép Xap
xi theo tham s can xap xi cia ham dang khao sat. Ngoai ra con ¢ yéu t thuc tién
quan trong la phuong phap 1a cuc bd hay toan cuc. Phuong phéap cuc bd cho phép tinh
chinh cyc bg. Thi du phuong phap ham RBF (radial basis functions), splines, va hé
md. Céc phwong phap nay t6t khi hd tro cho viée xu ly tinh phi tuyén tir dir liéu
vao/ra, thi dy nhan dang/hoc/huan luyén. Mot yéu to quan trong nira la tinh san sang
cho phuong phap phan tich va thiét ké, tirc 1a kha ning dlen dat cac hiéu biét trudc d6
vé hé thong, hiéu qua cua phuwong phép tinh toan, tinh san sang cla cic cong cu may
tinh, va cudi cung la sy thodi mai cua ngudi thiét ke/ngu(n van hanh khi dung phuong
phap, véi muic huén luyén nao can thiét khi dung va hiéu vé phuong phap.

Hé logic md ¢6 v& 1a thoa duge hau hét cac tiéu chi nay. Chung 1a bo xp xi van
nang, va voi mot sé lwa chon thiét ké, thi phép xdp xi 1a twong ddi c6 hiu qua. Tay
thudc vao sd luong ham lién thude (ham thanh vién) ma phuong phap s€ la cuc bo hay
toan cyc. H¢ mo ¢6 cac déc tinh xap xi twong ty nhu mang nordén dung ham sigmoid.
H¢ logic mo 6 thé 1a rit minh bach (transparent) nén cho phép dién ta t6t cac kién
thirc trude do vé qua trinh. Mot 5O cong cu may tinh da sang sang cho cac thiét lap
diéu khién mo. Diéu khién mo c6 thé dwgc nhin tir hai quan diém. Tht nhét cha y dén
lut néu-thi mo nén duoc dung dinh nghia cuc by anh xa phi tuyén va co thé duoc



xem 13 phan giao dién voi ngudi ding ciia hé mo. Quan diém tha hai gdbm anh xa phi
tuyén dugc tao ra tur cac luat va qua trinh suy dién. (xem hinh 6.2).

IFx IS 2F AND ¢ IS RETHEN v IS NL FRirzy System
IF = 1S ML AND 205 BL THEN v 15 NS
IF = 5 PL AN 2 £S5 ML THEN v 15 JF
—] IF u [5 PS AND 7 IS 2 THEN IS T8, —— |
IFix 15 2E AND 2 ESMS THEN ¥ IS PL
IF = IS NG AND 2 ISP THEN ¢ IS PS
IF = IS WL AND x5 ZE THEN v IS NS

Hinh 6.2. Cic quan diém vé hé me. Céac it me (bén trar) duoe ding lam
giao didn voi ngieci dm&cua hé mér Chung dinh nghifa anh xa phi tuyén
(hén phal) nhim bifu didn quan hé vaora coa hé thing

Céc luat va co ché suy dién twong ing ciia bd diéu khién md c6 thé c6 nhiéu dang nhu
mo ta trong chuong 3. Thuong dung nhat 1a:

= Bo dicu khién Mamdani (ngén ngir) c6 thé ding cac hé qua mo hay singleton.
Dang diéu khién nay thuong duoc dung trong bd diéu khién vong kin dang truc
tiép.
Phén tiép theo mo ta hay dang diéu khién nay

3. B0 diéu khién Mamdani
B diéu khién Mamdani thudng dung trong diéu khién phan hdi, do luat nén biéu dién
anh xa tinh gitra tién dé va hé qua, nén can ¢6 thém bo loc dong bén ngoai dé c6 duoc
dap tmg ra dong ciia bo diéu khién (hinh 6.3).

Giao thirc diéu khién duoc luu trit dang cac luat néu-thi 1a mot phan ciia nén tri
thirc (knowledge base). Do cac luat c6 co so la kién thirc dinh tinh, cac ham thanh vién
dinh nghia cac thira s6 ngén ngir cung cap giao dién min cho cic bién qua trinh dang
sd va cac diém dat (set-points). B6 mo hoa (fuzzifier) xac dinh mirc thanh vién cua gia
tri bién vao bd diéu khién trong cac tap tién d&¢ mo. Co ché suy dién t6 hop thong tin
nay voi thong tin chira trong cac luat va xac dinh ngd ra nao cua luat s€ dugc dung.
Thong thudng thi ngd ra nay lai cling la tap mo. Dé c6 thé diéu khién thi can c6 tin
hiéu di€u khién dang ro (crisp control signal). BO giai mo (defuzzifier) tinh toan gia tri
trong tin hiéu thue tir cac ngd ra cua bo diéu khién mo. Tur hinh 6.3, ta thdy 13 anh xa
mo la mot phan ctia bd diéu khién mo. Can xu ly tin hi€u trudc va sau khi thyc hién
anh xa mo.
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Hinh 6.3: B¢ diéu kduén mo trong cau truc vong kin (phla tren} gdm b loc
déng va anh xa tinh (ph:an glua) Anh =a tinh duree tao nén tir nén tri thire, co
ché suy difn me va giao dién gidi md

3.1 B0 loc dong truée

Qua trinh loc trudce (pre-filter) cac tin hiéu vao cua bo di€u khién nham cé dugc cac
ngd vao cua hé¢ mo tinh. Thyc hién cac tac dong sau 1én cac ngd vao:

Ti 1€ tin hiéu (Signal Scaling). Thuong nén lam viéc voi céc tin hi€u trong ving
chuan hoa, thi du [—1, 1]. Biéu nay duoc thuc hién dung dd loi chuan hoa dé chuan
hoéa tin hi¢u vao trong tam [—1, 1].

Loc dgng (Dynamic Filtering). Trong bo diéu khién m¢ PID, bo loc tuyén tinh dwoc
dung dé tim cac gia tri dao ham, tich phan cta sai s6 diéu khién e. Bo loc phi tuyén co
trong bd quan sat phi tuyén, va trong bo diéu khién thich nghi m¢ trong d6 chiung dugc
ding dé tim cac tham s udc lwong ctia hé mo.

Trich xuét tinh nang (Feature Extraction). Qua viéc trich nhiéu tinh nang khac nhau
ma thuc hién phép bién d6i sd 1én cac ngd vao ciia bo diéu khién. Cac bién doi nay co
thé 13 bién d6i Fourier hay bién dbi song con (wavelet transforms) chuyén di truc hay
cac phép toan co ban thyc hién trén cac ngd vao cua bo diéu khién mo.

3.2 Bg lgc dong sau

B loc sau (post-filter) biéu dién _phép xur Iy tin hi€u thyc hién tai ngd ra cua b diéu
khién mo dé tao tin hiéu diéu khién. Cac hoat dong ctia bo loc sau thuong la:

Ti 1é tin hiéu (Signal Scaling). Khoi phuc lai tin hiéu d3 chuan hoa tai ngd ra cua hé
mo ve vung hoat dong thuc cua tin hi¢u nay.

Loc dong (Dynamic Filtering). Trong mot s6 trudong hop, ngd ra cia hé mo 1a gia s6
cua tac dong dicu khién. Tir d6 ¢6 duoc tin hiéu di€éu khién khi tich phan gia so0 ctua
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diéu khién. R rang, con c6 thé dung nhitng dang khac nhu thiét bi min hay b loc phi
tuyén.

Viéc phan tich bo diéu khién thanh anh xa tinh va bo loc dong co thé c6 trong
cac cau trac didu khién co dién. Thir xét truong hop bo PID (Proportional-Integral-
Differential) dugc mo ta boi phuong trinh:

_ f de(t)
u(t) = Pe(t)+1| e(r)dz +D o

(6.1)
Trong d6 u(f) 1a tin hiéu diéu khién vao qué trinh diéu khién va e(r) = r(#) — y(¢) 1a tin
hi@u sai jbiét gitra tin hiéu tham chjéu yél tir~1 hi€u ra do tai qua trinh. Viéc thiét 1ap bo
diéu khién PID trén may tinh c6 thé biéu dién dung phuong trinh sai phan:

T/lp]])[k] = Llp]])[k - 1] + kle[k] + kpAe[k] + kDAze[k] (62)
trong do:

Ae[k]=e[k] — e[k — 1],  A’e[k]=Ae[k] — Ae[k — 1]

bo loi rb:i rac theo thot gian kp, k; va kp dugce rat ra tu phép r(‘?i rac cac do loi lién tuc
trong mién thoi gian P, [ va D. Phuong trinh (6.1) 1a ham tuyén tinh (geometrically a
hyperplane):

= (6.4)

de

=[‘e()dr X = , _
Trong d6 x, = e(), *2 IO 8(7)7 ¢ , ’ 7 dt va cac tham sb cua a; 1 cac do loi P, I va
D. Dang tuyén tinh (6.4) c6 thé dugc tong quat hoa thanh ham phi tuyén:

u = f{x) (6.5)

Trudng hop bo diéu khien logic m, thi ham phi tuyén f dugc bicu dién boi anh xa mo.
RG rang hon thi bd diéu khién mo twong dong vai cac bo diéu khién tuyén tinh P, PI,
PD hay PID c6 thé dugc thiét ké dung cac bo loc dong thich hgp nhu bd vi phan va
tich phan.

3.3 Luat nén
H¢ m& Mamdani thi rat gan véi di€u khién tu nhién hay diéu khién dung nhan cong.
Bo diéu khién duoc dinh nghia 1a chon ngd ra nao trong td6 hgp ctia nhicu tin hiéu vao.

Mai td hop tin hi¢u vao dugc biéu dién thanh luat nhu sau:

R:Néu x,1a4; ... vax,1a A, thi ula B, i=1,2,...K. (6.6)



Ngoai ra con ¢ thé dung cac két ndi logic hay cac toan tir khac, thi du or hay not.
Trong hé md Mamdani thi tdp mo tién dé va hé qua thudng duogc chon 14 tam giac hay
dang ham Gauss. Thudng cac ham thanh vién tai ngd vao chong lip (overlap) sao cho
cac gia tri thanh vién cua luat tién dé ludn co tong 1a mét. Trong trudng hop nay, va
néu luit nén c6 dang conjunctive, thi c6 thé dién dich timg luit bang cach dinh nghia
gi4 tri ra tai mot diém trong khong gian vao. Diém khong gian vao 1a diém co duoc
bing cach ldy trong tim cua tdp md ngd vao va gia tri ra 1a trong tAm cua tip md ngd
ra. Phép suy dién mo két luan dung phép ndi suy min giira cac diém trong khong gian
vao, xem hinh 6.4.

Hinh 6.4: BEén trai. partition cla cac ham thanh vién trong khéng gian vao
Een phai, phep not suy logic mor gilra cac gia try hing

Tir cach dién dat nay thi c6 thé xem hé Mamdani 13 ham hang timg doan (piecewise
constant function) véi rat nhiéu phép ndi suy. Ty phuong phap suy dién ma co cac
phép ndi suy khac nhau. Khi chon ding thi ciing co thé c6 phép nodi suy tuyén tinh hay
ndi suy da tuyen tinh (multilinear). Piéu nay thuong thyc hién bang cach thay cac tap
hé qua mo bang singletons. Nhu thé thé phép suy dién va phép giai mo duoc két hop
lai thanh mét budc, xem phuong trinh (3.43), phan 3.3.

Thi du 6.1 Piéu khién PD mé) Xét hé mo doi ngiu voi bo dicu khién PD tuyén tinh
(proportional-derivative) controller. Luat nén c6 hai ngd vao— sai so e, va dao ham cua
sai sO €, va mot ngd ra — tdc dong di€u khién u. Mot thi du ve ludt nén nay la:

Nim thira s6 ngdn nglr dugce dung cho mdi bién (NB—Negative big, NS — Negative
small, ZE — Zero, PS — Positive small va PB — Positive big). M61 myc cua bang dinh
nghia mot luat, thi du R23: “Néu ela NSva € 1a ZE thi u 1a NS”. Hinh 6.5 minh
hoa méat phang di€u khién két qua c6 dugc tir phép v€ cac tic dong diéu khién tim
duoc u voicac giatrirdirachdéaciaeva €.
&

NB NS ZE PSS PB

NB |NB NB NS NS ZE

NS |NBE NS NS ZE PS
e ZE | NS NS ZE PS PS

PSs NS ZE PS5 PS5 PB

PB | ZE PS5 Ps FB PB
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Hinh 6.5 W&t phang d1éu khign PD md

Trong diéu khién PD mo, sai biét gian don Ae = e(k) — e(k — 1) thuong dugc dung nhu
phép xap xi (xau ) cho phép dao ham.

Xic dinh cac ngé vao va cac ngd ra. Trong budc nay, can cé kién thirc co ban vé dac
tinh dong ctia qua trinh (6n dinh, khéng 6n dinh, ding, thay d6i theo thoi gian, v.v,..),
dic tinh vé tinh phi tuyén, muc tiéu diéu khién va cic rang budc. Cac dic tinh dong
ctia ddi twong cung v&i muc tiéu diéu khién nham xac dinh céac dic tinh dong hoc cua
bd diéu khién, thi du bo diéu khién mo dang PI, PD hay PID.

Dé b6 chinh cac tinh phi tuyén, thay dbi theo thoi gian, hay cac hién tuong
khong mong muén cta ddi twgng diéu khién, can c6 thém cac bién khac ngoai sai so.
Céac gia trj dao ham hay tich phan cua sai s6 c6 thé dugc dung 1am ngd vao cho bo
diéu khién. Thong thuong thi do6 c6 thé 1a ngd ra, cac trang thai do luong duge hay cau
trac lai dugc, cac nhiéu do duogc hay cac bién ngoai khac. Tuy nhién, diéu can thay 1a
khi tang sO lwong ngd vao cia b diéu khién mo, thi mirc do phic tap ciia bo diéu
khién mo ciing gia tang thém nhiéu lan.

Trong thyc té, can nhin nhan anh huong cua cac bién khac nhau va phén giai
bo diéu khién mo v6i nhidu ngd vao thanh nhiéu bd dleu khién don gian c6 s6 ngd vao
it hon, hoat dong song song hay trong cau triic phan cap (hierarchical structure) (xem
phan 3.2.7).

Diéu quan trong can thyc hién 1a khong nhu hé diéu khién tuyén tinh, c6 sy
khac biét gitra dang ting truéng va dang tuyét dbi cua bo diéu khién mo. Dang tuyét

d6i ciia bo didu khién mo, thuc hién anh xa % =7 (&€ rong khi dang ting truong

(incremental form) thi thyc hién anh xa u=f(ee) Trong dang ting truéng, chién
lrgce diéu khién phi tuyén co thé thi lai lién quan dén tdc d6 thay d6i cua tac dong diéu
khién trong khi & dang tuyét d6i thi chi phy thudc vao ty than tac dong diéu khién. Day
12 méi lién quan truc tiép vé6i thiét ké dung luat nén va dong thoi ciing 13 cac dic tinh
téng quat cua bd diéu khién. Thi du, ngo ra cua bd diéu khién mo trong dang tuy¢t doi
thi bi gi¢i han tir dinh nghia, diu nay la khong dung voi dang tang trudng.

Mot van dé khac ciing can dugc xem xét 1a bo diéu khién mo s& 1a bo diéu
khién ty dong dau tién cho ung dung, hay no s& b sung hay thay thé bo diéu khién



hién hitu. Néu thay thé, thi viéc chon lua ciu trac bo diéu khién md tuy thudc vao cau
hinh cta bo diéu khién hién tai.Tém lai, cAn nhdn manh réng day la budc quan trong,
do néu chon lya khong phu hop cAu tric thi c6 thé lam x4o tron toan bo thiét ké, bat
chap cac luat va cac ham thanh vién.

Khéi mé hia Khéi gidi mir

i .

i s ! Cor che T =

—i- Tile e WMahoa B st?grcdj%n = Cidimi || TIilE s

H 1

] 4 H

¥ 3 4 ) 1
Thirasd| |[Ham thanh .2 Ham thant{ |Thir sd
13 ik Lugt oot vign 12
Dirlidu nén Dirlitunén
Nen tn thu'c

Hinh 6.6 Cac modun khac rnhan trong br::- d1eu L’hlen i
va cac khiu tuong © img trong nén tri thize
DPinh nghia ham thanh vién va cac thira so ti 1¢&. Nhu vé trong hinh 6.6, cac thua s6
ngon ngit, cac ham thanh vién ctua chung, va cac thura sb ti 1é mién 1a mot phan cua bo
diéu khién mo dung nén tri thiec.

Pau tién, nguoi thiét ké phai quyét dinh chon bao nhiéu thira sé ngdn ngi cho
ting bién vao. P& c6 thé duy tri dwoc cac ludt vao, s6 lwgng cac thira sb cho mbi bién
nén bé. Ngoéi ra, khi cc') it thira sd, thi tinh mém d&o cua cua lut nén bi gi61 han do
phan phi tuyen giai quyét duoc trong anh xa diéu khlen

Sb lwong cac thira s6 nay can duoc chon Iya can than, xem xet nhiéu thiét lap
khac nhau cho céc bién khac nhau tuy theo anh hudng mong mudn cua ching lén
chién lwgc diéu khién. Tt nhat thi nén bat dau voi sb it thira s6 (thi du 2 hay 3 cho cac
ngd vao va 5 cho cac ngd ra) roi ting dan sd nay khi can. Thira sb ngon ngir thudng cd
mot sO v nghia, thi du, chung dién ta bién do ciia mot sd bién vat 1y, thi du Small,
Medium, Large, v.v,... Trong cic mién dbi xting xung quanh zero, bién d6 nay dugc
két hop v6i dau, thi du. Positive small or Negative medium.

Céc ham thanh vién c6 thé 13 mot phan cua kién thirc tir chuyén gia, tirc 1a
chuyén gia biét mot cach xdp xi vé y nghia “nhiét do cao” (trong timg Gmg dung cu
thé). Khi thiéu cac kién thtc nay, thi c6 thé ding ham thanh vién voi cing dang
(shape) phan phdi déng déu. 1am thiét 1p ban dau va sé dugc tinh chinh sau. Dé tinh
toan thich hop, nén dung ham thanh vién dang tam giac, va hinh thang thay vi dung
cac ham c6 dang hinh chudng.

Thong thuong thi cac bién vao va ra dwoc dinh nghia trong mot tAm giéi han
ctia dwong thyc. DE don gian thiét ké diéu khién, thiét 14p va tinh chinh, nén hoat dong
trong vung chuan hoa, thi du [—1, 1]. Cac thua s ti 16 thuong dugce dung dé chuyen
dbi cac gia tri tir tim hoat dong sang ving chuan hoa. Cac thira s6 ti 18 c6 thé duoc
dung dé tinh chinh cac do loi caa bd diéu khién mo, twong tu nhu trong trudng hop hé
PID.

Thiét ké luat nén. Cau trac luat nén 1a yéu td then chét trong thiét ké, do luat nén ma
hoa giao thirc diéu khién ctia bo diéu khién mo. Can phan biét vé& nhiéu phuong phap
thiét ké luat nén. Mot s6 dwa hoan toan vao kién thuc truc giadc tr nguoi van hanh
(operators) thanh dang thich hop dé cdu tric nén luat nén, phuong phap nay thuong két



hop voi cac nguyén 1y cua Iy thuyét diéu khién va hiéu biét tot vé dic tinh dong cta hé
thong. Xu hudng khac 13 dung mé hinh mo cia qua trinh tir d6 tim ra luat nén diéu
khién. Thuong thi c6 dang luat nén “chuin” dugc ding bang biéu miu (template).
Dang luat nén nay bt chudce hoat dong cua bo diéu khién tuyén tinh c6 dang thich hop
(thi du bo diéu khién PD sé& c6 dang nhu trong thi du 6.1. Chu ¥ 14 ludt nén thi di
xtng chung quanh dudng chéo va twrong ing v6i dang tuyén tinh ¥ = Pe+Dé Cac 4o
loi P va D c6 thé duoc dinh nghfia tir viéc lya chon thich hop céac thira s ti 1é.

Tinh chinh b diéu khién. Viéc tinh chinh bo diéu khién mod thudng duoc so sanh véi
viéc tinh chinh bo PID, nhan manh dén s6 rat 16n cac tham sé diéu khién mo, so sanh
v6i 3 d6 loi trong bd PID. C6 hai chii y thich hop & day. Dau tién, bd diéu khién md co
dang diéu khién téng quat so v6i PID, c¢6 kha nang diéu khién hé thong phi tuyén ma
bd diéu khién tuyen tinh khong thé thye hién mot cach tryc tiép, hay 1 cai thién dicu
khién cho (hau het) cac hé thong tuyen tinh khi vuot khoi kha nang diéu khién cua cac
bo diéu khién tuyén tinh. Tir d6, diéu phai tra gia 1a viéc dinh nghia va tinh chinh cing
nhiéu tham sb diéu khién. Thir hai, trong trudng hop cac hé théng phirc tap, co yéu to
ghép ndi quan trong vé anh hudng cta ba d6 1oi bd PID, va nhur thé thi viée tinh chinh
bd PID se c6 thé 1a mot cong viée rat phirc tap. Mit khac, trong diéu khién mo, cac
luat va ham thanh vién c6 nhiing dnh hudéng cuc bo va 1a yéu t6 loi diém trong déu
khién cac hé théng phi tuyén. Thi duy, cic luat diéu khién khong ddi xtmg c6 thé duoc
thiét ké cho cac hé thong phai chiu yéu t6 dong khong d6i xtmg, thi du nhu trong céc
hé thng nhiét.

Muc tiéu anh huéng lén cac tham so riéng 1& ctia hé mo thi khac han. Cac thira
s6 ti 18, xac dinh d6 loi chung cta bo diéu khién mo va cung cac do lgi tuong ddi cua
cac ngd vao diéu khién riéng biét, thi c6 anh hudéng toan cuc 1én nhat.Cha y 1a viéc
thay doi thira s6 ti 18 ciing ti 1& dwoc tinh phi tuyén duoc cic luat nén dinh nghia, 1
diéu khong mong mudén. Anh huéng 1én ham thanh vién thi con cuc bd hon nira. Viéc
thay d6i ham thanh vién, goi 13 Small, cho mét bién cu thé, thi chi anh hudng 1én cac
luat nay, khi da dung thtra ) nay. Cuc by lon nhét 1a anh hudng Ién cac hé qua cua
ting luat riéng biét. Viéc thay doi luat hé qua chi anh hudng 1én ving xac dinh cia
luat h¢ qua.

Nhu d3 biét thi hé théng suy dién mo 13 bo xap xi ham tong quat, tirc 1a co thé
xap xi bat ky ham min véi d6 chinh xac mong mubn. Piéu nay c6 nghia 1a bo diéu
khién tuyén tinh c6 thé xem 1a mot trudng hop dic biét ciia bo diéu khién mo, khi xem
x¢ét theo quan diém chuc nang vao-ra. Nhu thé, bo diéu khién mo co thé duoge khoi tao
dung cac luat diéu khién tuyén tinh, c6 thé dugc xem 1a bude tinh chinh don gian ban
dau, ma bao dam duogc tinh nang “toi thiéu ” cua bo diéu khién mo. Luat nén hay ham
thanh vién tir d6 c6 thé dugc thay d6i nham cai thién tinh ning cia hé thong hay giam
bot anh huong ciia mot sb hién tuong cuc by khong mong mudn, thi du nhu ma sat

v,...Xem thi du minh hoa dudi day

Thi du 6.2 (B chinh ma sat dung bo diéu khién mo) Trong thi du nay ta s& phét trién
bo diéu khién md ding mé phong mot dong co DC bao gom mo hinh don gian hoa cia
ma sat tinh. Thi du nay duoc thiét 1ap trong file MATLAB/Simulink (fricdemo.m).
Hinh 6.7 v& so d6 khdi cua dong co DC.
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Hinh 6.7 Bdng co DC ¢d khiu ma sat

Pau tién, bo diéu khién ti 1& tuyén tinh duoc thiét ké dung phwong phap chuan (thi du
phuong phap qui dao nghiém). Tiép dén bd diéu khién ti 1& md duoc phat trién nham
bét chudc chinh xac bo diéu khién tuyén tinh. Hai bo diéu khién nay co dap tmgy hét
nhau va déu chiu sai sO x4c 1ap do ma sat. Cac luat dac biét dugce cong vao luat nén
nham giam sai s6 nay. Bo diéu khién tuyén tinh va bo diéu khién mo dugc so sanh
dung so d6 khéi trong hinh 6.8.

Céc luat didu khién mo nham bét chudce bd diéu khién tuyén tinh la:
Néu sai s6 1 Zero
Thi diéu khién vao 1a Zero;
Néu sai s6 1a Positive Big
Thi diéu khién vao 1a Positive Big;
Néu sai s6 1a Negative Big
Thi diéu khién vao 12 Negative Big;
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Hinh 6.8 So d("} lzh1 nham so sanh gifta difu khidn tuyén tinh
vi d1gu khién mé

Két qua diéu khién dugc v& & hinh 6.9.
Hai luat phu thém vao nham ngan ngura bo diéu khién tao ra tac dong diéu khién small
bao gio tac dong dicu khién 1a small. Céac tac dong diéu khién nay rd rang khong co

anh huong lén dong co, do ching khong vuot qua dugc ma sat

Néu sai s6 1a Negative Small



Thi diéu khién vao 1a NOT Negative Small;
Néu sai s6 14 Positive Small

Thi diéu khién vao 1a NOT Positive Small;
Ham thanh vién cua hai thira s6 ngdén ngir “Negative Small” va “Positive Small” da
tim ra tir ké tqua & hinh 6.9. Lukasiewicz implication duoc dung nhdm xir Iy toan tr
not (xem thém thi du 3.7). Két qua diéu khién c6 dugc v& ¢ hinh 6.10. Cha y 1a sai sd
xéc 1ap hau nhu bi loai bo.
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Mot phuong phap ding didu khién md khéac cho ma sat 1a diéu khién PI va diéu khién
theo ché d6 truot (sliding mode control). Tac dong tich phan cia bd diéu khién PI s&
tao ra dao dong trong vong va lam hong hiéu ning diéu khién. Ly do 13 yéu t6 phi
tuyén tir khau ma sat tao khau khong lién tuc trong vong. Ché do truot 1a bén virng dbi
v6i tinh phi tuyén clia qua trinh, va tac dong nhanh hon hé diéu khién md, nhung can
c6 tac dong diéu khién manh liét (violent control actions) (xem hinh 6.11).

4. B diéu khién Takagi-Sugeno
Bo diéu khién mo Takagi-Sugeno (TS) rat gan v6i hudéng diéu khién chinh dinh do loi
(gain scheduling). Nhiéu bo diéu khién tuyén tinh di dinh nghia 1a mdi bo diéu khién
thi phu hop voi mot vung khong gian ngd vao khac nhau. Ngé ra tong cua bd diéu
khién c6 duogc tir cach lua chon mot bo diéu khién dua trén gia tri cac ngd vao (phuong
phap chinh dinh d¢ loi truyén théng), hay dung phuong phap ndi suy gitra nhiéu bo
diéu khién tuyén tinh (chinh dinh d6 loi mo, diéu khién TS), xem hinh 6.12.
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Hinh 6.11 S0 sénh gifra didu khidn mé (Gudng dit nét) va
diéu khien theo ché d6 truet (dudng sim)

Khi dung h¢ mo TS thi thuong dung cac tdp mo ngd vao c6 dang tam gic
(trapezoidal). Mdi tip md xac dinh khong gian vao, trong d6 ¢ treong hop tuyén tinh
thi ngd ra duoc xac dinh bang ham tuyén tinh theo ngd vao. Logic mo chi duoc dung
dé noi suy trong truong hop cac ving trong khong gian vao bi trung lap (overlap). Hé
TS lic ndy c6 thé xem 1a ham affine tuyén tinh hoa timg doan véi phép noi suy gidi
han.

Mot thi du vé luat diéu khién TS 1a:

R1:Néu r1a Low thi u; = Prowe + Diow€
R2: Néu rla ngh thi Uy = PHighe +DHighe (67)
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Hinh 6.12 B3 difukhifn TS cé thé xem 14 !:?ap cha nhifu bd didu lkhién
cuc bd duoc th hop ding co ché scheduling mad.

O day can cha y 1a bién tién dé 1a tin hiéu tham chiéu r trong khi cac bién hé qua 1a sai
sO e va dao ham € cua sai s6. Nhu thé by dieu khién 1a tuyén tinh theo e va €, nhung
cac tham s6 cua anh xa tuyén tinh thi tuy thugc vao tham chiéu:

— ILIL()W (r)ul + ll'lH[gh (r)uZ
lLlLow ( ) + ﬂHigh (r)
— ILlLow (r)(PLowe + DLuwé) + lLlHigh (r)(PHzéhe + D )
lLlLow (]’) + ILlHigh (}") (69)

Néu céc bd diéu khién cuc bd chi khac nhau vé tham sb. thi bo diéu khién TS cb dang
luét nén cua co ché gain-scheduling. Mt khéac, bd diéu khién hon tap (heterogeneous
control) (Kuipers and Astr"om, 1994) c6 thé dung cac luat diéu khién khac nhau trong
cac ving hoat dong khac nhau. Trong trudng hop sau, thi du bo diéu khién toi wu vé
thoi gian cho qua trinh chuyén giai doan dong co thé duoc két hop voi bd diéu khién
PI(D) trong vung lan cén cua cac diém thiét lap (setpoints). Nhu thé, bo diéu khién TS
c6 thé duoc xem 1a dang don gian cua bo diéu khién giam sat.

5. B diéu khién giam sat mo

Hé thdéng suy dién mo con c6 thé dugc dung trong cap do cao hon, cép do giam sat
trong phwong phap dleu khién phan cap (control hierarchy). Bo diéu khién giam sat la
bo diéu khién thir cap nham giup bo diéu khién hién htru dat myc tiéu diéu khién, ma
bo diéu khién hién hitu nay khong thé thuc hién duge néu khong c6 giam sat. BO diéu
khién gidm sét tinh chinh tham s6 ctia bd diéu khién cap thp hon tuy theo thong tin co
ttr qua trinh (Hinh 6.13).
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Hinh 6.13 B4 didu khién giam st mé

Trong phuong phap nay thi cac dac tinh ngd ra dong hay tinh cta bo diéu khién cip
thap hon c6 thé duoc thay doi nham khép voi tinh phi tuyen cla qua trinh hay sy thay
dbi cua diém lam viéc hay moi truong. Mot uu diém cua céu tric giam sat 1a co thé
cong thém vao céac h¢ thong diéu khién hién co. Nhu thé, bo didu khién nguyén thiy
c6 thé dugc dung nhu bo diéu khién ban dau (initial controllers), tir do bo diéu khién
giam sat co thé tinh chinh dé cai thién hiéu ning cua hé thong. Kién trac gidm sat co
thé dung cho nhiéu chién lugc diéu khién khac nhau trong mot bo diéu khién don. Thi
du nhu trong bo diéu khién ti 1¢, thi khi hé thong con chua khdp duoc véi tin hicu
tham chiéu va can chuyén sang diéu khién dang diéu khién PI ¢ 1an can tin hiéu tham
chiéu. Do cac tham sd thay d01 trong dap ung dong, nén cac bo didu khién giam sat
thuong 14 diéu khién phi tuyén.

Nhiéu qua trinh trong cong nghiép ding cac bo diéu khién PID. Bén canh céc
vu diém thi cac bd diéu khién PID truyén théng phai chiu thuc té 1a phai dwoc chinh
dinh lai khi diéu kién 1am viéc thay d6i. Yéu diém nay c6 thé duoc giai quyét dung bod
giam sat mo dé tinh chinh lai cac tham sb ciia b diéu khién cip thap. Dung chuyén gia
dé xac dinh tap cac luat diéu chinh d6 lgi P va D cta bo diéu khién PD, thi du dung
diém thiét 1ap hién hiru r. Céc luat nay c6 dang sau:

Néu ngd ra ctia qua trinh 1a High
thi giam doloi bo ti 1€ Slightly va
tang d6 lo1bd vi phan Moderately.

Bo diéu khién TS c6 thé duwoc dién dat nhu mot phién ban don gian cua diéu
khién giam sat. Thi du cac luat TS (6.7) co thé duoc viét theo cac luat Mamdani hay
singleton ¢6 ngd ra 1a cac tham s P va D. Tir d6, da chuyén dang diéu khién PD
truyén théng thanh dang diéu khién & cap thap hon.

Thi du 6.3: Bo diéu khién giam sat md duoc dung trong diéu khién ap suét ciia bo 1én
men trong phong thi nghiém, nhu hinh 6.14
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Hinh 6.14 Trai: thuét lap thir nghugmy;, phai. dac tinh
zéc 18p phi tuydn

Thé tich ctia bon 1én men 14 40 1, va thuong dugc dd vao 25 1 nuwde. Phan trén cia bon
1a khong khi duoc dua vao nude voi luu lwong khong d6i, thong qua bo diéu khién luu
lrong tai chd. Khong khi nén phia trén muc nude duoc khong ché bang voi ra dat tai
phan trén bon. Khi luu tdc vao khong ddi, hé thdng c6 mot ngd vao 1a vi tri cua van va
mot ngd ra 13 ap suat khong khi. Do co ché vat 1y nay, va tir dic tinh phi tuyén ciia van
diéu khién, qua trinh c¢6 dic tinh xé4c 1ap phi tuyén, nhw v& ¢ hinh 6.14, cing véi dic
tinh phi tuyén dong tai ngd ra.
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Hinh 6.15: 8o d3 bd diéu khién giam sat mer

Mot bo giam sat gdm mot ngd vao, hai ngd ra giam sat duoc v& ¢ hinh 6.15 was
designed. Ngb vao cua b giam sat la vi tri van u(k) va cac ngd ra la d¢ loi bo ti 1€ va
do lop bo tich phan cua bo diéu khién PI truyen thong. Bo giam sat cap nhat gia tri do
loi PI tai mdi bude ldy mau ciia vong diéu khién ctia bd diéu khién cap thap (5 s).

Mién cua vi tri van (0-100%) dugc chia ra thanh bén tdp md (‘Small’,
‘Medium’, ‘Big’ va ‘Very Big’), xem thém cac ham thanh vién trong hinh 6.16.

H ] Small Medium  Big  Ver Big

s

"I | I L/
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Hinh 6.16 Cac ham thanh wién ull)
Do loi cua bo PI 1a P va I dugc cho trong bang sau:

k)



Gains "u(k) Small Medmm Big Vervbig

F 190 170 155 140
I 150 90 70 50

Céc gia tri cua P va [ tim dugc qua mo phong lan luot tai cac vang cla vi tri van. Ngd
ra chung Iy tr mé phong duoc tinh toan nhu trung binh trong luong cua cac do loi
cuc bo.

B diéu khién giam sat mo, dugc thir nghiém va tinh chinh qua phép mé phong,
duoc ap dung tryc tiép vao qué trinh (ma khong can phai chinh dinh lai), trong diéu
kién danh dinh.

Céc két qua diéu khién trong thoi gian thuc duge v ¢ hinh 6.17.
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Hinh 6.17: K4t qua didu khién trong theéd gian thire
chia bo didu khién giam sat mer

6. HOb trg tir nguwoi van hanh

Cho du Iy thuyét diéu khién di c6 nhiéu tién bo di nita, mitrc d6 tu dong hoa trong mot
s6 cong nghiép (nhu hoa chét, sinh hoa hay cong nghiép thuc pham) van con rit chim.
Du da thiét 13p nhitng vong diéu khién tu dong co ban, nguoi van hanh luon can co dé
giam sat va phbi hop cac chirc nang diéu khién nay, thiét 1ap hay tinh chinh cac tham
sO va dong thoi dicu khlen thu céng qua trinh kh mai khoi dong, dung may hay trong
cac giai doan chuyén tiép. Cac dang chién lugc dleu khién khong thé dwoc biéu dién
dung dang giai tich hay dé dang dung cac luét néu-thi. Khi c6 kinh nghiém tir nguoi
van hanh, cac bd diéu khién mo co thé dwoc dung nhu phan hd tro quyét dinh, nhim
giam thiéu su 1¢ thudc vao kinh nghiém cua ngudi van hanh (dung kha néng biéu dién
minh bach kién thirc ctua bo diéu khién mo). Tir 6, giam thiéu su khac biét khi dung



nhiéu ngudi van hanh khac nhau, cho phép giam thiéu chi phi vé nang luong va vat tu,
V.v,... Hé m& ¢6 thé lam don gian nhi¢ém vu cua ngudi van hanh béng cach rat ra cac
thong tin ¢ gia tri tir khdi lwong 16n cac do lwong va dir liéu. Can c6 mét giao dién
thich hop v6i nguoi ding dé thong tin v6i nguoi van hanh. Viéc ding cac bién ngon
ngit va kha ning dién dat cac bién nay co6 thé cai thién giao dién ngudi-may.

7. Cac cong cu phan cirng va phan mém

Su phat trién cac bo diéu khién md tat can c6 sy tuong tac voi nguoi dung, nén
nhleu cong cu phan mém dic biét da dugc nhiéu nha cung cdp phan cimg va phan
mém gidi thiéu nhu Omron, Siemens, Aptronix, Inform, National Semiconductors,
V.V,... Hau hét cac chuong trinh chay trén may tinh, trong moi truong Windows, mot
sO con c6 thé van hanh ca trong hé UNIX. Tham khdo thém
http://www.isis.ecs.soton.ac.uk/resources/nfinfo/ . H¢ md d3 dan tro thanh chuéan cho
cac hé théng diéu khién tai cac nha may, thi du nhu hé cua Honeywell. Hau hét cac
céng cu phan mém thudng gém cac khbi sau.

7.1 Bo soan thao du an

Tam diém cia giao dién voi nguol dung co bo soan thao du an dang dd hoa,
cho phép nguoi dung xay durng he dleu khién mo tir cac khdi co ban. Cac bién Vao va
bién ra c6 thé dwgc dinh nghia va két ndi voi don vi suy dién mo mot cac tre tiép hay
thong qua cac khau xu ly trude (pre-processing) hay xu 1y sau (post-processing) nhu
cac khau loc dong (dynamic filters) bo tich phan, bg vi phan, v.v,...Nhiém vu cac khau
nay duoc ngudi dung dinh nghia, dung ngbn ngir C hay cac bién thé cia ngdn ngi
nay. C6 thé to hop nhiéu don vi suy dién mo dé tao ra cac so do diéu khién mo phirc
tap hon (thi du dang phan cap hay dang phan bd).

7.2 Luat nén va cac ham thanh vién

Luat nén va cac ham thanh vién (cic tdp mo c6 lién quan) dugc dinh nghia
dung luat nén va bd soan thao ham thanh vién (membership function editors). B soan
thao luat nén (rule base editor) 1a bang hay bang tinh c6 thé nhap hay thay dbi cac
luat. BO bién soan ham thanh vién (membership functions editor) 1a moi trudng do hoa
(graphical environment) dung dinh nghia dang va vi tri cua cac ham thanh vién. Hinh
6.18 cho thi du vé nhiéu dang man hinh giao dién ctia FuzzyTech.
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Hinh 6.18 Ifan hinh giao dign cia Fuzzy Tech
7.3 Cac cong cu phan tich va mé phong

Sau khi di thiét ké xong cac luat va ham thanh vién, c6 thé thir nghiém céc
chirc ning cta bo diéu khién mo dung coéng cu phdn tich tinh va phuong phap mé
phong déng. Céc gia tri vao duoc nhdp tir ban phim hay dang thyc nham kiém tra bo
diéu khién c6 tao duoc ngd ra nhu mong mubn khong. Mtrc d6 hoan thanh cia ting
luat, viéc tinh chinh tap cac ngd ra mo, két qua ctia viéc két hop cac luat, qua trinh giai
md c6 thé duoc hién thi thanh timg dong hay thanh cac tép tin. D6i véi | ting cdp vao/ra
thi ¢6 thé khao sat mat phang diéu khién véi hai hay ba chiéu. Mot s6 goi (packages)
con cung cap phurong tién kiém tra tu dong vé tinh tron ven (completeness) va tinh du
thira (redundancy) cta cac luat trong ludt nén. Pic tinh dong cua hé vong kin con ¢d
thé phan tich dung phép moé phong truc tiép trong méi truong thiét ké hay thong qua
viéc tao ma trong cac chuong trinh diéu khién mé phong (thi du Simulink).

7.4 Bd tao ma ngudn (code) va két ndi thong tin

Sau khi da kiém tra bd diéu khién mo ding cac cong cu phan mém phan tich, c6
thé dung diéu khién truc tiép tai hién trudong (dung cong ra ciia may tinh hay cac ngd
vao/ra dang analog), hay dung cac ma chuong trinh. Cac bd tao chuong trinh quan
trong nhét 1a dung C-code déng thoi ciing 13 ma may cho mét s6 phan ctng, thi du nhu
vi diéu khién hay diéu khién lap trinh (PLCs). Tir phuong tién ndy, cac phan cung hién
hitu déu c6 thé dung cho diéu khién md. Bén canh d6, hién da co cac phan cling dang
md trén thi trudng, thi du nhu cic chip dung cho diéu khién mo (c6 ca analog va sd,
xem hinh 6.19) hay ding cac b ddng xtr Iy md (fuzzy coprocessors) dung cho PLC.



Hinh 6.192 ( ‘lup 1:11111;;r suy dién ma (Siemens)
8. Tém tat va cac vin dé cin quan tim

Bo diéu khién dung logic m& c¢6 thé duoc xem 13 hé chuyén gia nho trong thoi
gian thuc, thiét 1ap tir kinh nghiém ctia nguoi van hanh hay cac k¥ su. Theo quan diém
diéu khién, bo diéu khién mo 12 mot bo dicu khién phi tuyén. Trong mot s6 thiét lap
diéu khién dang PID, ngd ra ciia bo dicu khién 12 ham cua tin hiéu sai s6 va dao ham
cta sai s6. Ung dung trong cong nghiép ngay cang tang va cang co nhiéu nha san xuat
hang tiéu dung tmg dung hé diéu khlen mo trong cac thiét bi dién tir dan dung nhu
may rira chén, may giat, cac h¢ truyen dong tu dong trén xe hoi.

Diéu khién md 12 mot k¥ thuat diéu khién méi c6 thé xem nhu 1a mé rong cua
cac phuong thirc diéu khién truyén thong nhung khong thay thé phuong phap nay.
Piéu khién mo cung cép thém cong cu dac bi¢t cho cac ky su diéu khién dé hoc hoi vé
phuong thire s dung khi can thiét. Cac hé théng phi tuyén hay hé chi duoc hiéu biét
mot phan di 1am cho phuong thirc déu khién truyén thong phai dung phuong thic diéu
khién mo. Nhu thé cong nghé diéu khién dan budc dén tim voc cao hon trong linh vuc
diéu khién ma trudc d6 chua thuc hién dugc.

Trong gi6i han 1am thi ngay cang nhiéu nghién ctru quan tam dén diéu khién
mo. Trong tam la cac phuong phap phan tich va téng hop hé thong. Trong mot sO dang
diéu khién mo, thi du nhu hé tuyén tinh Takagi-Sugeno, dd c6 nhiéu y niém nghién
ctru di dugc phat trién manh.

9. Bai tap

1. C6 nhiéu phuong thirc dé tham s6 hoa mé hinh va bo diéu khién phi tuyén. Liét ké it
nhat ba phuong phap khac nhau va giai thich cac diém khac bi¢t gitra cac phuong phap
nay.

2. V& so d6 diéu khlen mo PD (proportional-derivative), bao gdm ca d01 tuong diéu
khién. Giai thich ciu tric bén trong ciia by diéu khién mo PD, bao gom cac bd loc
dong, cac luat nén, v.v,..
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3. Cho thi du vé& lut nén va cac ham thanh vién c6 lién quan trong b0 diéu khién mo
PI (proportional-integral). Cho biét phuong phép thiét ké cac tham s6 va phuong phap
xac dinh cac tham s6 nay?

4. Hay ty dinh nghia vé b diéu khién mo. Cho biét khac biét giira bo diéu khién mo
va cac bo diéu khién tuyén tinh, nhu b PID hay diéu khién phan hoi trang thai? Cho
biét trrong hop nao thi bo diéu khién mo chimg 6 duge kha ning vuot trdi so voi cac
bd diéu khién tuyén tinh?

5. Cho thi du vé nhiéu luat trong bo diéu khién md Takagi-Sugeno. Cho biét cac tham
sO cua by di€u khién nay? Cho biét bo dieu khién nay dung duoc cho cac doi tugng
diéu khién nao?

6. Phan cing dung logic md c6 nhat thiét 1a phai dung cho thiét 1ap cac bo diéu khién
mo khong? Giai thich?



CHUONG BAY: MANG NORON NHAN TAO

1. Mé dau

Mang nordn va hé m& déu xuat phat tir mong mudn bat chude 1y luan cia con
nguoi. Trong hé mo, quan hé dugc biéu dién mot cach twong minh véi dang luat néu-
thi (if-then). Trong mang noron thi quan hé nay khong dugc cho mdgt cach tuong minh,
nhung duoc “ma héa” trong mang va qua cac tham s6 cia mang. Khac véi trudong hop
cta cac ki thuat dung nén tri thirc (knowledge-based techniques), mang norén khong
can céc kién thirc an trong ing dung ctia minh.

Mang nordn nhan tao (ANN: Artificial neural nets) c6 thé xem nhu chirc ning
ctia mang nordn sinh hoc nén thira huéng dugec mot s6 wu diém cua hé théng sinh hoc
so voi cac hé théng tinh toan thong thuong. Mang ANN c6 kha nang hoc dugc cac
quan hé phurc tap thong qua viéc khai quat hoa tir mot lwong dir liéu huan luyén c6 gidi
han. Nhu thé mang c6 thé sing mé hinh hoa dang hop den cac h¢ théng phi tuyén, da
bién tinh va dong, dong thoi c6 thé duoc hudn luyén tir tap dir liéu vao-ra quan sat
duoc tir hé thong.

o

Ban dau, cac nghién ctru 41 |I |,| .'Li/ vé
mang ANN 1a nhim mé hinh N/
chitc ning sinh 1y cua ndo bJ, I". "|If” tao
ra md hinh c6 kha ning bt 'll | i "0 dendrites
chudce con nguoi thong qua qua " P
trinh tinh todn hay ngay trong  —
muc thuc hién phan cing. Con | _‘-an coma
nguoi co6 kha nang thuc hién cac I “. tac
vu phtc tap nhu tri giac J i S
(perception), nhan dang mau tot S J\"“m T A hon
nhi,éu so vO1 cac .méy tinh hién © — dai
n}}at' Con‘ ng“"‘, con co kl~1a Hinh 7.1 Sodd biéu dién norén sirh hoc .
nang hoc tu cac thi du va hé nao bo

ctia con ngudi con co kha nang chip nhan 16i. Cac dic tinh nay 1am cho mang ANN
thich hop véi nhiéu img dung k¥ thuat nhu nhan dang mau (pattern recognition), phan
16p, xép xi ham, nhan dang h¢ théng, V.V,...

Mang ANN thudng 1 c6 dang nhiéu 16p gdm cac phan tir xir Iy don gian duoc
goi 14 nordn, lién két ndi voi nhau théng qua cac gia tri trong lrong lién quan dén két
ndi. Cac thong tin ¢6 dugc tor anh xa vao — ra ciia mang dugc luu trir trong cac trong
lugng mang.

2.  Noron sinh hoc

Nordén sinh hoc gdm c6 than (hay soma), soi truc than kinh (axon) va nhiéu
dendrites (nhu v€ ¢ hinh 7.1). Dendrite 1a cac ngd vao ctia nordn, con axon la ngo ra..
Axon tir mot nordn tao thanh cac két ndi (synaptic) voi cac mordn khac. Axon 1a mot
6ng dai, mong dwoc chia thanh nhiéu nhanh tan cung 1 nhitng bau véi dendrite cta



cac norén khac. Khoang h¢ giita bau nay va dendrite cua té bao khac thi duoc goi 1a
synapse.

Céc xung lan truyén xudng dén axon ciia nordn va tac dong dén cac synapses,
g6 di tin hiéu v6i nhiéu cuong d6 khac nhau dén dendrites ctia cac norén khac. Cudng
d6 cua cac tin hiéu nay xac dinh hiéu suit (efficiency) ciia qua trinh truyén synaptic.
Tin hiéu dén dendrite c6 thé 1a cAm (inhibitory) hay kich thich (excitatory). Mot noron
sinh hoc kich ttc 14 gdi cac tin hiéu xudng dén cc axon, néu muc kich thich vuot qua
ngudng cam mot lwong t6i han, tirc 1a ngudng cia nordn.

Céc nghién ciru vé mo hinh ndo bd ngudi da duoc hinh thanh tir thé ky 19
(James, 1890). Cho dén nam 1943 trudc khi McCulloch va Pitts (1943) tao lap ¥ tudng
dau tién vé mod hinh toan hoc c6 tén goi 1a norén McCulloch-Pitts. Bén nam 1957, y
niém vé mang noron nhiéu 16p mai dugc dua ra. Tuy nhién, tién bo dang ké nhat trong
cac nghién cru vé mang nordn phai ké dén phuong phép lan truyén nguoc dung huin
luyén mang nhiéu 16p (Rumelhart, et al., 1986).

3. Noron nhan tao

M6 hinh toan hoc cua
noron sinh hoc (con duge  x, ——— 4, 2 201
la norén nhan tao) bat e
chuéc hoat dong cia =y, — W, _____:‘?f’"_ . T
noron sinh  hoc theo = 'JI\\ /"I—- ofz) — v 9
nhiéu cap d6 khac nhau. 5 I )
day, ta chi xem xét mot - w, L~ Hinh 7.2 Mersn nhdn tac

noron don gian, 1a mot
ham tinh véi nhiéu ngd vao (biéu dién cic dendrites) va mot ngd ra (biéu dién axon).
M&i ngd vao lién quan dén thira s trong lwong (synaptic strength). Cac ngd vao cd
trong luong duge thém vao va di qua mot ham phi tuyén, dwoc goi 1a ham kich hoat
(activation function). Gia tri cia ham nay la ngd ra cia norén (xem hinh 7.2).

Tong trong lugng cua cac ngd vao cho boi:

P
z=) wx, =w'x (7.1)

i=1

Déi khi, can cong thém phan cyc khi tinh ham kich hoat ctia noron:

z= Zp:wixi +b= [le{ﬂ
i=1

Phan cuc bias dugc xem nhu 1a trong luong tir mot ngd vao c6 gia tri (don vi)
khong dbi, truong hop trong cong thirc (7.1) ta d3 bo qua gia tri nay. Nham lam cho y
niém don gian, ta tiép tuc dung nguyén coéng thirc (7.1). Ham kich hoat tao anh xa
kich hoat cua norén z vao mdt khoang nao do, thi du [0, 1] hay [—1, 1]. Ham kich hoat
thuong c6 dang ham ngudng (threshold), ham sigmoidal va ham tanh (Hinh 7.3).



alz) 1 a(z) 1

(z)

Hinh 7.3: Cac dang ham kich hoat

* Ham ngudng (hard limiter)

0 khi z<0
o(z) =
1 khi z>0

= Ham tuyén tinh tig phan (bao hoa)
0 khi z L~
~(z+a) khi —a<z<a
1 khi z>a

= Ham Sigmoid
1

o) = 1+ exp(—sz)

@z}

Trong do, s la hang s6 xac dinh d6 déc duong cong sigmoidal. Khi s — 0 thi
ham sigmoid 14 rit phing va khi s — oo thi duong cong tiép cin ham ngudng. Hinh
7.4 vé ba dang dudng cong voi cac gia tri s khac nhau. Thuong dung gia tri s =1

(duodng cong sam mau trong hinh 7.4).

alz)

Hinh 7.4: Hamn kich hoat dang sigrmotd

= Ham tanh



o(2) = 1 —exp(—2z)
1+ exp(—2p)

4. Kieén tric mang noron

Mang nordén nhan tao gdbm nhiéu norén lién két ndi voi nhau. Cac nordn thuong
duoc sip xép trong nhiéu I6p, duoc goi la kién tric mang. Mang c6 thé c6 nhiéu 16p
hay mot 16p, trong d6 cac nordn co thé duoc ket ndi theo theo hay dang co ban sau:
= Mang truyén thang: cac noron dugc sip xép trong nhiéu 16p. Thong tin chi truyén

theo mot huéng, tir 16p vao dén 16p ra.
= Mang héi qui: cac nordn duge sap xép trong mot hay nhiéu 16p va phan hoi dugc

thuc hién trong ndi tai cac norén hay vdi cac noron khéc trong cung mang hay

V01 cac nordn cua cac 1op trude.

Hinh 7.5:
Wang AMN triyén thing nhidu lép (tral) v mang phan hdi mot 1dp (Hopfield) (e

Hinh 7.5 trinh bay mang truyén thang nhiéu 16p ANN (perceptron) va mang hoi
qui mot 16p (mang Hopfield).
Pé don gian, ta s& tap trung vao mang norén nhiéu 16p va mot dang mang mot
16p dac biét ¢6 tén 1a mang RBF (radial basis function).

5. Hoc

Qua trinh hoc trong mang norén sinh hoc c6 co s¢ 1a vige thay doi cuong do lién
két ndi giira cac nordn. Két ndi synaptic giira cac noron dong thoi biéu 16 cac tac dong
dugc cuong dicu.
Trong mang nordn nhan tao, nhiéu ¥ niém hoc da dugc dé cap. Mot xap xi toan
cua qua trinh hoc, goi la phwong phap hoc cua Hebb va dung trong dang mang
Hopfield. Mang nhiéu 16p, thuong ding mot s6 phuong phap t6i wu hoa nham tbi thiu
sai biét gitra dap ung thuc va dap ing ra mong muon cia mang.
C6 hai phuong phéap hoc da dugc ghi nhan: hoc ¢6 giam sat va hoc khong gidm sat:

= Hoc cé gidm sdt (supervised learning): mang dugc cung cap dong thoi cac gid tri
vao va gia tri ra dung, va trong lugng mang duoc chinh dinh tir sai bi¢t voi ngd ra
tinh duoc. Phwong phap nay dugc trinh bay trong phan 7.6.3.

= Hoc khéng gidm sat (unsupervised learning): mang chi duoc cap cc gia tri vao va
trong lugng mang duoc chinh dinh dung céc gid tri cia ngd vao va gia tri ngo ra
hién tai. Qua trinh hoc khong gidm sit twong tu nhu xu huéng xau chudi
(clustering) da trinh bay & chuong 4.

Pé don gian, ta chi khao sat qua trinh hoc c6 giam sat



6. Mang norén nh‘iéu 16p ) q
Mang nordn nhiéu 16p (MNN) c6é méot 16p vao, mot 16p ra va mot s 16p an (xem
hinh 7.6).

TS Cac ldp &n

Hinh 7.65
bdang nhiéu 161:3 tiéu bidu vai mit 1&p vao, mat
hay nhigu 1&p &n va mét [dp ra

C6 thé thuc hién mot mang dong ding mang truyén thang tinh két hop voi khau
phan hoi. Ngd ra ciia mang dwoc phan hdi vé ngd vao thong qua khau tré don vi z .
Hinh 7.7 néu thi du v& mang nordn duoc dung biéu dién hé bac nhat y(k+1) = fon(v(k),
u(k)). Trong d6, van dé nhan dang dugc tao 1ap nhu bai toan xap xi ham tinh (xem thao

luan & phan 3.6).

u( k)

Ehiutre denw

Hinh 7.7 =
M5 hinh rang nordn cia hé thc’?‘ang diéng bic nhét
Trong mang nhiéu 16p, can phan biét hai pha tinh toan sau:

1. Tinh buoc thuan (Feedforward computation). Tut cdc ngd vao x;, i =1, ..., N, tinh
dugc cac ngd ra cua 16p an, ro1 dung cac gia tri nay nhu la ngd vao cua lop ké dé tiép
tuc tinh, v.v,.. d€ cudi cung tim dugc ngd ra cia mang.

2. Chinh dinh trong luong mang (Weight adaptation). Ng0 ra cia mang dugc so sanh
v6ingd ra dich. Sai biét giita hai gia tri nay duoc goi 1a sai sd, va dugc dung dé chinh
dinh trong lrong mang 16p ra, 1di dén 10p phia sau, v.v,.. cho dén khi sai sb giam.
Phuong phap tinh toan ndy dwoc goi la lan truyén nguoc sai sé ( error
backpropagation).

Thuét toan lan truyén nguoc dugc Werbos (1974) va nhom Rumelhart (1986) trinh
bay. Phan tiép s& khai trién thuat toan.



6.1 Tinh toan bwéc thuan

Xét truong hop don gian 1a mang MNN c6 mot 16p an (hinh 7.8). Lop norén vao
khong thuc hién phép t1nh ndo, ma chi don thuan phan bd cac ngd vao x; dén cac trong

lwrong mang w; cta lop a an. Cac noron trong 16p an chira ham kich hoat dang tank, con

ham cta noron ra thuong 13 tuyén tinh. Trong lwong 16p ra 1a Wy

Budc tinh thuén dugc thuc hién trong ba budc:

1. Tinh ham kich hoat ctiia moron 16p an z;:

z; —waerh j=12,...,h

ij Vi

Trong 36 w" va »" 1an lugt 14 trong lwong va phan cuc:
g i j g g

2. Tinh cac ngd ra v; cua 16p an:
v,=0(z;) j=12,..,n

3. Tinh ngo ra y; cia nordn 16p ra (va la ngd ra todn mang):
h
yl:Zw;f,vj+bl" =12 ...,n
=1

Trong d6 w? va b° lan luot 14 trong lwong va phan cuc.
g i ! g gvap

Ba budc nay cé thé duoc viét gon lai theo dang ma tran:

Z=X,W"
V =0(Z)
YZVbWO
Trongdoé X, =[X1]va V,=[V 1]va
R .
X N
T




X,

Hinh 7.8: Mang nhifu lép MNN véi mét 1ép &n ding him kich hoc 14 noréin tanh,
va noron ra tuyén tinh

6.2 Kha ning xap xi

Mang norén nhiéu 16p c6 thé xap xi nhiéu dang ham véi mic chinh x4c mong
mubn. N6i rd hon, nho vao kha niang xép chdng (superposition) cac trong lrong cd
dang ham sigmoid c6 kha nang tao anh xa phuc tap. Thi dy, xét mang don gian MNN
c6 mot ngd vao, mot ngd ra va mot 16p an co hai nordn tanh

Ngo ra ciia mang la:

y =w tanh(w!x +b) +w’ tanh(w} x + b))

Xem hinh 7.9, trong d6 mo ta ba budc tinh thuan

Chu y v6i hai 16p norén da c¢6 du kha ning biéu dién cac ham khong don diéu
(nonmonotonic) twong ddi phirc tap. Kha ning ndy cia mang nhiéu 16p da duoc
Cybenko (1989) khang dinh nhu sau:

Mang noron nhiéu 16p cé it nhdt mét 16p an dung ham kich hoat sigmoid thi c6
thé xdp xi tot bat ky ham phi tuyén lién tuc nao Rp — Rn trong tdp compac, néu cé di
norén 1ép an.

Diém yéu 1 trong phat biéu nay chua dé cap dén sé lwong nordn can ¢, cling
nhu phuong thirc xac dinh trong lwgng mang, v.v,... Tuy cdn cd nhiéu phuong thirc
xap xi ham dang khac nhu khai trién da thirc, chudi Fourier, mang song con (wavelet),
v.v,.. nhung mang nordn to ra hiéu qua hon khi thuc hién muc chinh xac xap xi véi
mot s6 nordn cho trudce. Piéu nay dugc Barron (1993) phat biéu:

Mang noron voi mot lop an dung ham kich hoat sigmoid co thé thuc hién sai s6 binh
phuong tich phdn (integrated squared error (truwong hop ham min) co bac

il



doc ldp voi chiéu cua khong gian vao p, trong do h la so norén an.

D01 v61 mo hinh m¢ rong (dang da thire, khai trién lwong gidc, mo6 hinh mo singleton,
...) co h thira sb, trong d6 chi c6 mdt t6 hop tuyén tinh dugc chinh dinh, thi

1
o]

v6ip 1a chiu cia ngd vao.

z " Bude 2

2 oE g I - Chuyén gqua harm tanh

% Eich hoat (tinh tng =) |

i £ - Y T
A s T

Buac 3
Tinh tong cac ngd ra
2 clla ner i

15 WY, W, }
/. _“'““'1
T "ff; b

Hinh 7 % Tinh toan buedée thugn trong

mang nhigu 1ép véi hai norén
Thi du 7.1 P chinh x4c x4p xi) Nhim minh hoa khac biét giira kha ning x4p xi clia
mang sigmoid va cac phuong phap khai trién ham (thi du phuong phap da thuc), xét

haingd vao cé chiéu p:

i) p =2 (ham c6 hai bién):

da thue J = O(hzl/zj O(%j
mang norén J= O(%j

Nhu thé, khi p = 2, thi khong c6 su khéc bi¢t trong quan hé vé do phtrc tap va tinh
chinh x4c gitra mang sigmoid va céac khai trién ham.

ii) p = 10 (ham c6 muoi bién) va & =21:
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da thac J= 0[21 j 0,54

mang nordn J= O(%j = 0,048

Murc chinh xac x4p xi clia mang sigmoid cho thay t6t hon vé mit bién d6. Ta xet tiép
xem can c6 bao nhiéu thira s6 trong khai trién ham (thi du truong hop khai trién da
thirc) nhdm c6 cing muc chinh x4c cia mang noron:

4 )<l
hn hb
h,=h'" = h, = Jh’ =A21" ~ 4.10°

Nhu thé thi mang nordn, it nhat vé mit Iy thuyét, c6 thé xap xi dugc cac ham khac.
Cau hoi dat ra la phuong thirc xac dinh cau triic thich hop (sé 16p an, sb norén) va
tham sb trong lrong mang. Mang c6 mot lop a an thuong la du (Ve mat Iy thuyet thi luon
luén du). Cang nhiéu 16p thi cho phep khop t6t hon, nhung can thoi gian huén luyén
lau hon.. Chon ding s6 norén trong 16p an diéu diéu cot yéu dé co duoc két qua tot.
Qua it noron thi khong khop tot dugc, nhung khi qua nhiéu nordn thi dua dén qua
khop (khong co tinh khai quat dit liéu). Thuong can ¢ yéu té thda hiép tir cac phuong
phép thu va sai.

6.3 Huan luyén, Lan truyén ngwgec sai s0

Huén luyén 1a qua trinh cdp nhat trong lwgng mang nhi€u 16p sao cho sai so gitra
ngo ra dich va ngo ra cua mang dugc toi thiéu. Gid sur co tap N dir li¢u:

T T
Xy dl
T T
_ X, _ dz
X - o ) D - .
T T
Xy | 1 dy |

Trong d6, x 12 ngd vao ctia mang va d 1a ngd ra dich. Qua trinh huan luyén gom
hai buédec:

1. Buoc tinh thugn. T ngd vao x;, i =1, . . .,N, ham kich hoat 16p an, tinh duoc ngod ra
mang nhu sau:

Z=X,W' X,=[X 1]
V=0(Z)
Y:V[,WO, Vbz[V 1]

2. Cap nhdt trong luong mang. Ngd ra mang dugc so sanh vdi ngd ra dich. Sai biét
gilra hai gia trii nay dugc goi la sai so:



E=D-Y

Sai s6 nay duoc dung dé chinh dinh trong lugng mang thong qua phép t1 thiéu hoa
ham chi phi (tong binh phuong sai s0):

J(w) = —ZZekk = trace(EE")

kl/l

=[W' W]

Qua trinh hun luyén mang MNN tao l4p thanh bai toan 16i wu héa phi tuyén theo
trong lugng mang.
C6 nhiéu phuong phap c6 the dung:
= Lan truyén nguoc sai sd (gradien bac nhét).
* Phuong phap Newton, Levenberg-Marquardt (gradien bac hai).
» Gradien lién hop.
= Variable projection.
= Thuit toan di truyén, va cac phuong phép khéc .. .

Phuong phap gradien bac nhét dung luat cap nhat trong luong sau:
w(n +1) = w(n) —a(n)VJ (w(n)) (7.5)
Trong d6 w(n) 1a vecto véi cac trong lwong tai cac budc tinh 1ap n, a(n) 13 bién
tdc do hoc va V.J (w) 1a Jacobi cia mang.

VJ(w)=

9 b

aIw)  Aw  w]
ow, ~ ow, ow,,
_ Baitoan t61 wu hoa phi tuyén con lai 1a giai ding thura s6 dau tién cia chudi khai
trién Taylor. Phuong phap gradien bac hai thi dung thira so thir hai (doan c6 d6 cong)
nhu la:

1
J(w) = J(w,))+VJI(w,) (w—w,) +E(W—WO)TH(WO)(W—WO)
Trong do H(wo) 1a ma tr4n Hess tai diém cho trudc w, trong khong gian trong
lugng. Khi khi sap xép lai, luat cap nhét trong lugng c6 dang sau:
w(n +1) = w(n) — H ' (w(n) VJ (w(n)) (7.6)

Piéu khac biét co ban giira hai cong thirc (7.5) va (7.6) ila kich thudc ciia bude
giam gradien, theo mo ta trong hinh 7.10.
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(a) gradien béc nhit (b) gradien bic hai
Hinh 7 10: Phwong phép t6i vu héa ding gradien bic nhit v giadien béc hai

Phuong phéap béac hai thuong co hiéu qua hon phuong phap bac nhét. Tuy
nhién, ¢ day trinh bay phuong phap lan truyen nguoc sai so (phuong phap gradien bac
nhat) 1a phuong phap dé nam bt roi mai tiép tuc mot it dén phuong phap bac hai.

Y tuong chinh cua phuong phap lan truyén nguoc (backpropagation BP) c6 thé
duoc phat biéu nhu sau:

= Tinh toan sai s6 tai ngd ra
=  Chinh dinh trong lrong tai cac ngd ra
= Lan truyén nguoc sai s qua mang roi chinh dinh trong lwong 16p an

Phét trién phuong phap lan truyén nguoc dé xu Iy tap dit liéu, rat thich hop véi

cac truong hop truc tuyén va khong truc tuyén. Dau tién, xét trong lwong 16p ra va
trong lugng 16p an.

Trong lwgng 16p ra. Xét noron trong 16p ra vé ¢ hinh 7.11

v, “"-‘-...___\_‘_:f\lr“ Nf:l'fan d - .
1 am chip
\;"?x&‘*-n.
: y ¢ [
¥s Z ) o 12¢ =
W,
v, Hinh 711 Norén lép ra
Ham cho phi cho bai:

=%Zef trongdo e, =d,—y, Vvay =) wv,
7 j

Ma tran Jacobi la:
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oJ _ 0J oe, 0y,

=— (7.8)
ow',  de, oy, ow',
Va dao ham riéng phan
0
Yo B, 2, (7.9)
Oe, oy, ow,
Nhu thé, tai 16p ra thi Jacobi la:
aJ
=—ve (7.10)
ow', s
T (7.5) thi luat cap nhat trong luong 16p ra la:
w?, (n+1)= w;’l (n)+a(n)ve, (7.11)
Trong lwong 16p 4n. Xét nordn trong 16p an v& ¢ hinh 7.12
Ldp ra
e B Lép &n i
- W::---H_""“i z y — £
X > z -l G
w, "
%, = Hish7.12 Merda lép in "
Jacobi la:
ov. Oz,
OJh = o o, - (7.12)
ow, Ov, 0z, ow;
Va dao ham riéng phan (sau mot s6 bude tinh toan:
oJ o 6\/]. , GZJ.
—=) —ew,, =o.(z.), =X, 7.13
ov, Z,: o oz, i) ow, (7.13)

Viéc tinh tim ra cong thirc trén c6 thé xem nhu bai tap cho doc gia, thé (7.12) thi
c6 Jacobi:

oJ
ow'

y

= —xi.O';. (ZJ.).Z e,w;)[ (7.14)
l

Tir (7.5), tim ra phwong trinh cép nhat trong lugng mang trong ép an la:
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w; "(n+1)= w; "(n)+a(n)x, og (z )Ze wﬂ (7.15)

Tir phuong trinh nay, ta thiy sai sé duoc lan truyén tir 16p ra vé 16p an, nén co tén
goi la “lan truyén nguoc”. Thuat toan dugc tom tat trong Algorithm 7.1.

Algorithm 7.1 Lan truyén nguoc

Khéi tao ngau nhién trong luong mang.

Buoc 1: Gibi thi€u cadc ngd vao va cac ngo ra dich
Buée 2: Tinh toan ngd ra hién tai va sai sb.

Buoc 3: Tim gradien va cap nhat trong lugng mang theo:

0._ .0
W‘ji = le. + avlel

Byl ! 0
w; =w, +ax,.o,(z, ).Zl:elw

Lam lai budce 1

Theo phuong phap nay, cac diém dir liéu 1an luwot dwoc hoc nén thich hop cho

qué trinh hoc truc tuyen Tuy véy, phuong phap ciing co thé tmg dung cho phuong
phap hoc khong truc tuyén néu tim duoc toan dit liéu (whole batch of data)
Vi¢c dua ra toan tap dir liéu dugc goi 1a mét chu ky hoc (epoch). Thuong thi, can dung
nhiéu epochs dé khép duwoc dir liéu. V& mit tinh todn, thi nén dua tap dir liéu nhu
whole batch. Cong thtic theo lan truyén nguoc dugce ap dung vao trong cac vecto dir
li¢u thay vi cho tirng mau riéng I€.

7. Mang RBF

Mang RBF (radial basis function network RBFN) la mang hai 16p. Co hai khac
biét co ban v6i mang nhiéu 16p dang sigmoid.

= Ham kich hoat trong 16p 4n c6 dang ham radial basis so vi ham sigmoid.
Ham radial duoc gidi thich nhu sau.

= Trong lwong chi dugc hiéu chinh tai 16p ra. Két ndi tir 16p vao dén 16p an 1a
khong dbi (trong lwong don vi). Tuy nhién, cac tham sb ctia ham radial duoc
chinh dinh.

Cac nordn I6p ra la tuyén tinh, do d6 mang RBFN thudc nhém cac mé hinh

dang khai trién ham, twong ty nhu mo hinh singleton trong phan 3.3 va thyc hién anh

xa f-—>Rp—R

y=f(x) =2wi¢i(x,ci) (7.17)
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Cac dang ham co'so ¢,(x,¢,) = ¢,(jx —¢,[|)= ¢.() thuong duoc chon 1a:

" H(r)= exp(— r*p? ), 1a dang ham Gauss

*  @(r)=r’log(r),ladang ham thin-plate-spline
*  @§(r)=r", dang ham quén phuong

= #(r)= (> + p°)7, dang ham multiquadratic

Hinh 7.13 minh hoa kién trac cua mang RBF

!N
= ‘.-P'l ll Il ‘II
X, = - ,f".\\‘ ot M\J\t\
N P
"‘\ RH‘“'!. o
LY _r‘/(mj'[r/ i \\ L...
X A '
'

“v

'J_L Hinh 7.13; Iang EBF

Ba tham s tu do cua mang RBF la cac trong lugng ra w; va cac tham sb cua
ham co's6 and (trong tam ¢; va ban kinh p;).

Ngd ra cua mang (7.17) tuyén tinh theo trong lwong w;, nén c6 thé duoc udc
lrong ding phuong phap binh phuong tdi thiéu. Vi timg diém dir liéu x,, tinh cic ngd
ra cuanoron la

Vi = 0dX, ¢) .

Do ngb ra tuyén tinh theo trong luong w;, viét duoc phuong trinh ma tran sau cho toan
tap dir liéu:

d =Vw,
trong d6 V = [v;;] 1a ma trén céc ngd ra cua noron tai tung diém dir liéu va d 1a vecto

cac ngd ra dich cuia mang RBFN. Phép binh phuong téi thiéu wéc lrong duogc trong
luong w la:

=[V'VI'V'y
Viéc huén luyén cic tham sb mang RBF ¢; va p; 1a bai toan toi vu hoa phi tuyén co thé

duoc giai tor cac phuong phap cho & Phén 7.6.3. Vi tri trong tdm ban d62u thuong
dugc xac dinh tir phuong phap xau chuoi (clustering) (xem Chuong 4).



8.

Tém titva cac di€éu can chuy
Mang nor6én nhan tao, c6 ¢0i ngudn tur chitc nang cia norén mang sinh hoc 1a co6

thé hoc duoc cac quan hé phire tap thong qua qua trinh tong quat hoa tir mot lwong di
liéu hudn luyén gidi han. Tur d6, mang noron c6 thé dugc dung lam mo hinh (dang hop
den) cho cac hé thong phi tuyén, da bién tinh va dong va co thé duoc huin luyén dung
tap dy liéu vao-ra quan sat dwoc tir hé thong. Tuy c6 nhiéu dang cu trac mang da
dugc dua ra nhung trong diéu khlen va nhén dang thi dang mang nhiéu 16p va mang
RBF dugc dung nhiéu nhat. T cAu trac ndy, di xuat hién nhiéu thuat toan huan luyén
rat hiéu qua.

9.

kW

*

Bai tap

Cho biét yéu t6 ban dau nao thuc diy sy phat trién cia mang nordén nhan tao?
Cho it nhét hai thi du vé tmg dung cia mang nordn nhén tao trong k¥ thuat?

V& so d6 khdi va trinh bay cac cong thirc ciia mang nordn nhén tao, giai thich
cac thuat nglr va ky hi¢u nay?

Cho it nhét ba thi du vé ham kich hoat?

Giai thich thuat ngir “ huan luyén” mang?

Trinh bay cac budc trong thuit toan lan truyén ngugc? va cho biét thuat toan
nay ding véi cau tric mang dang nao?

Giai thich sy khac biét gitta phuwong phap tdi vu hoa bac mot va bac hai cua
gradien?

Tim luét lan truyén nguoc ciia ngd ra nordn c6 ham kich hoat dang sigmoid?
Cho biét sy khéc biét giita mang truyén thang nhiéu 16p va mang RBF?

Xét hé thong dong y(k + 1) = fy(k), y(k — 1), u(k), u(k — 1)), trong d6 fham a an.
Néu ta muon xap xi ham f bang mang nordn dung chudi dir liéu vao-ra N do tir
hé théng an {(uk), y(k)|k=0, 1, . .. N}.

a) Chon kién tric mang, v& so do mang va dinh nghia cac ngd vao va cac ngd
ra.

b) Tham sé tu do nao can dugc huan luyén (t6i wu héa) nham gitip mang khép
duoc voi dit licu?

¢) binh nghia ham chi phi dung huan luyén mang (Vlet cong thirc) va ké ra thi
du hai phwong phép c6 thé dung dé huin luyén tham s6 mang.



CHUONG 8: o
HE THONG PIEU KHIEN MO )
VA PIEU KHIEN DUNG MANG NORON

Chuong nay trinh nay viéc thiét ké bo diéu khién phi tuyén dung cac mé hinh fuzzy va
mang nordn thich hop dung cho hé can diéu khién. Mot sb ky thuét dung duogc cho ca
hé mo va mang norén (diéu khién dung mo hinh dy bao, diéu khién dung phuong phap
tuyén tinh héa phan hoi), mot s ky thuét thi chi thich hop cho mé hinh mo (gain
scheduling, analytic inverse).

1. Diéu khién nghich

Phuong phap don gian nhat trong thiét ké dung mé hinh cta bo diéu khién phi tuyén 1a
diéu khlen nghich (inverse control). Phuong phap nay co thé dung dugc cho cac hé
théng on dinh vong hé (hay da duogc 6n dinh dung phan h01) va c6 dic tinh nghich 6n
dinh, tirc 1a cac hé thong khong co dap ing pha khong tbi thiéu.

Pé don gian, mg dung phuong phap dbi véi mo hinh SISO khong co khau tré tir ngd
vao dén ngd ra. Tir d6. C6 thé viét mé hinh phi tuyén tong quat cho hé mo va mang
noron la:

ylk +1) = £ (x(k),u(k)) 8.1)
M0 hinh c6 céc ngd vao la céc trang thai hién tai la:

_ _ _ _ T
x(k) =[y(k),...y(k —n, +Du(k=1),....u(k —n, +1)] (8.2)
Va ngd vao hién tai u(k) Mo hinh du bao ngd ra cua hé théng trong bude thoi gian ké
tiép, Y*+D Ham / biéu didn 4nh xa phi tuyén cia hé me hay mang noron.

Muc tiéu ciia diéu khién nghich 1a tinh toan véi trang thai hién tai *®) | ngp vao

u(k)

hién tai , thi ngd ra cta hé thong tai budc thoi gian ké co gia tri bang ngd ra tham

chiéu "4+ D Pidunay co thé thuc hién duoc néu tir (8.1) c6 thé tim duoc:
u(k) = £~ (x(k), r(k +1)) (8.3)

Trudng hop nay thi tin hidu tham chidu 7K +1 3 dugc ngo ra Y&+ 1 thay thé. Mo
hinh nghich c6 thé ding lam bd diéu khién tiép t6i vong ho (open-loop feedforward
controller) hay nhu b diéu khién vong ho dung phan hoi tir ngd ra (con duge goi la
bd diéu khién phan hdi vong ho). Khac biét co ban giita hai so dd diéu khién nay nam

& phuong thire cap nhat (k)|

1.1 Piéu khién tiép téi vong hé



Trang thai x(k) cua m6 hinh nghich (8.3) dwoc cép nhat dung ngd ra cua mo hinh (8.1),
xem hinh 8.1. Do khong c6 phan hoi tir ' ng6 ra h¢, nén bo diéu khién duoc 6n dinh nho
d6 6n dinh vong hg, cua h¢ c6 pha t6i thiéu. Tuy nhién, khi mo hinh khéng khop
(mismatch) hay c6 ton tai yéu t6 nhiéu d tao sai sb xac 18p tai ngd ra cua h¢ théng. Sai
sd nay co thé dugc bu (compensated) dung mét sd dang phan hoi, thi du nhu truong
hop so d6 diéu khién dung mo hinh noi tai (IMC) s& mo ta trong phan 8.1.5.

Bén canh md hinh va bo diéu khién, thi so dd con c6 thém bd loc stra dang tin hiéu
tham chiéu (reference-shaping filter). B6 loc nay thuong 1a mé hinh tham chiéu bac
mot hay bac hai, c6 nhi¢ém wu tai cac dac tinh dong can ¢6 va nham tranh yéu td dinh
(peaks) cua tac dong diéu khién.

d
W ) ¥ ¢ ]
—» Boloc [—» . ” o y
M hinh nghich Quatrinh ——»
b ,
Mo hinh ‘-k

Hinh 8.1: B3 diéu khién nghich tiép tén vong hé
1.2 Piéu khién phan hdi vong hé

Ngd vao x(k) cua mo hinh nghich (8.3) dugc cap nhat dung ngo ra cua tu than h¢, xem
hinh 8.2. Bo diéu khién thi thuc té hoat dong nhu hé vong hd (khong dung sai sb giita
tin hiéu tham chiéu va ngd ra), tuy nhién ngd ra hién tai y(k) lai duge dung dé cap nhat
trang thai trong x(k) trong timg budc thoi gian cua bo diéu khién. Diéu nay cai thién
tinh chinh xac ctia du bao va giam thleu yéu td offsets. Tuy nhién, trong lic nay thi hé
thong c6 thé bi dao dong hay khong 6 on dinh khi c6 sy hién dién cua nhiéu hay co6 yeu
tb khong khép mo hinh. Trong so do cling can c6 bd loc stra dang tin hiéu tham chiéu
(reference-shaping filter)

Hinh 8.2: B& diéu khién nghich phan hi vong ha

a
W r

—{ Boloc B vy y u !
T Mo hinh nghich | Qua trinh ']-—h

1.3 Tinh toan bo nghich

Thong thudng thi rat kho tim ham nguoc £~ theo dang giai tich. Tuy nhién, c6 thé tim
duoc tir phuong phap tim kiém t61 wu dang s6. Pinh nghia ham muc tiéu:
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Ju() = (r(k +1) = £(x(k),u(k)))’ (8.5)

Toi thiéu hoa J theo u(k) cho tin hiéu diéu khién twong ing véi ham nguoc (8.3), néu
ton tai, hay 1a x4p xi tot nhét c6 thé. Co thé dung nhiéu phwong phéap tdi vu khac nhau
(nhu Newton hay Levenberg- Marquardt). Xu hudng nidy mo rong truc tiép duoc cho
hé MIMO. Yéu diém 16n nhat 1a do tinh toan phtrc tap do phai thuc hién truc tuyén
phép tdi uu hoa sé.

Mot s6 dang dic biét ciia (8.1) c¢6 thé dugc tinh truc tiép phan nghich bang phéap giai
tich. Thi du phép anh xa ngd vao cia mo6 hinh Takagi—Sugeno (TS) va mo hinh
singleton model dung ham thanh vién u(k) dang tam giac.

Affine TS Model. X¢ét mo hinh h¢ mo dang vao-ra Takagi—Sugeno (TS):

R;: Néu y(k)1a 4, va...va y(k—n,+1)1a4,, va
u(k—1)1a By va. .. va u(k — n, +1) 1a By, thi

nu

ny
y(k+)=>a,yk—j+1)+> bu(k—j+D+c,
J=1 j=t (8.6)
Trongd6i=1, ... K1a cac luat, 4;, B; 1a cic tdp mo, va a;; , by , ¢; 1a tham sb hé qua

’ N i s
(then-part). Goi cac bién qué khir (bao gom ca u(k)), la:

x(k) = [y k), y(k = 1),y (k= 1, + 1),k = 1),..cu(k —n, +1)] 8.9)
Dung cong thic trung binh trong lwong (weighted mean) dé tinh y(k+1):
Sl zi_lﬂi£x<k>)yi(k+ 1
> B(x(h) (8.9)

Trong d6 f; 1a mirc d6 hoan thanh (fulfillment) ctia tién dé sau:
P.(x(0)= 1, ) n- A gy, (v =n, + 1))
Mok =D)Ao A gy, k=, +1)) (8.10)

Do céc tién dé trong (8.6) khong bao ham thira s vao u(k), nén ngd ra cia mé hinh
y(k + 1) la phép affine cua ngd vao u(k). bé minh hoa, dinh nghfa mirc hoan thanh
chuan

A (x(k)) = B, (x(k))

_ AR
2.8, (x(®) (8.12)
Va thay hé qua (8.6) va gid tri  tr (8.12) vao (8.9):
K ny y
yk+) =2 2,(x(k) Da,yk—j+1)+ > bulk—j+ 1)+cl} +
i=1 Jj=l j=2

+2& (k) u() .



Pay 1a hé affine-vao phi tuyén c6 thé duoc véi theo thira sb tong quat:
vk +1) = g(x(k))+ h(x (k) Ju(k) (8.15)

Muc tiéu la ngd ra cua m6 hinh tai bude thoi gian (k + 1) phai bang véi ngd ra tham
chiéu y(k +1)=r(k + 1), thi ngd vao twong tng u(k), dugc tinh toan tr phép tinh dai
s0 don gian:

r(k+1)— g(x(k))

k)=
o hx(k) (8.17)

Tir (8.13) ta tim duoc luat diéu khién mo hinh nghich:

k)= Y A G k- )+ Y btk - j+ e |
PITACIO) (8.18)

u

M hinh Singleton. X¢ét mé hinh mo singleton SISO. Trong chuong nay, dé don gian
ta khong ghi chi s0 cua luat. Luat mo cho boi biéu thic sau:

Néu y(k) a4, va y(k— 1)1ad,va. .. va y(k —n,+1)1a 4,
va u(k)1a Bl va... vau(k — n, +1)1a By, (8.19)
thi y(k+1)lac,

Trong 46 4y, . .., A,y and By, .. ., B,, 1a tdp mo va c la singleton, xem (3.42). Dung
vecto trang thai x(k) trong (8.8), c6 chira cac gia tri ngd vao qua khirn, — 1, n, — 1 gia
tri ngd ra qua khir va ngd ra hién tai, tic la cac bién trang thai trudc d6 trong (8.19).
Tap mo tvong tng dugc to hop vao mot tip md trang thai nhiéu chiéu X, dung toan tr
t-norm trén khong gian tich Cartesian cua bién trang thai:

X=A, %+ XA, xB,*x---xB,, . Dédon gian, viét B thay cho B;. Luat (8.19) viét
lai thanh:

Néu x(k) 1A Xva u(k)laBthi y(k+1)lac. (8.21)

Chu ¥ 12 bién doi tir (8.19) sang (8.21) chi 1a dang don gian chinh thic cua luat nén ma
khong lam thay d6i bac cia mé hinh dong, do x(k) 1a vecto va X la tdp mo nhiéu chiéu.
Goi M la s6 tdp mo X; xac dinh trang thai x(k) va N la s6 tap mo B; dinh nghia ngd vao
u(k). Gia strla luat nén gdm tat ca cac kha nang t6 hop cua cac tap X va B, thi s0 tong
cac luat 1a K = MN. Toan thé cac lut co thé dugc biéu dién thanh bang sau:



wl(k)

x(k ] Bl Bﬂ B\

;-Yl 11 12 “ C1N ‘o
X = 2 - Lg.;z_}
<12 C21 Ca2 CoN

jf_n,.-; CAfd CALD .. CMN

Khi dung toan tir t-norm, mirc d6 hoan thanh cua luat tién dé Bii (k) duoc tinh theo:

Bij (k) = pxi (x(k)) - pg; (u(k)) (8.23)

Ngo ra cia md hinh y(k + 1) duoc tinh theo trung binh cua cac hé qua c¢; lwong hoa
theo mic hoan thanh chuén héa f; :

ZZI Z;\’:l ﬂy‘ (k)-Cy.
> 2B, k)
_ ZZI Zj'v:l ,UX,-,-(X(k)).,uB/. (M(k)).cy_
Zilz-]fyzlﬂ’“f(x(k))‘ﬂw (u(k)) (8.25)

y(k+1) =

Thi du 8.1 Xét hé mo 6 dang y(k+1) = f{y(k), y(k—1), u(k))
Trong d6 dung hai thua s6 bién ngbn ngit {thdp, cao} duge ding thay cho y(k) va

y(k—1) va ding ba thira sé {bé, trung binh, 16n} cho u(k). Toan bo ludt nén gbm 2 x
2 x3 =12 luat:

Néu y(k) la thap va y(k — 1) 1a thap vau(k)1a bé thi y(k+1)lacy,
Neéu y(k) 1a thap va y(k — 1) 1a thap va u(k)1a trung binh thi y(k+ 1)lacy,

Néu y(k) 1a cao va y(k — 1)1acao vau(k) 1a Iém thi y(k+1)1a cus

Trong thi dy nay x(k) = [v(k), y(k — D], Xi € {(thap X thap) (thdp * cao), (caox
thap), (cao* cao) }, M =4 va N = 3. Luat nén dugc biéu dién trong bang sau:

wl k)
x(k) small medium large
X1 (low x low) c11 G c1a (8.28)
Xo (low x high) €21 99 con
Xg (high x low) a1 Cag s

Ny G’ ;?J"gf? * .Ef!'gﬁ[i) 41 49 43
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Phuong phap chuyén ngugc (inversion) doi hoi 13 ham thanh vién tién dé B
(u(k)) co dang tam gidc va tao mot partition, tirc 13, hoan thanh (fulfill):

S a1, (u(k)) =1
- (8.29)

Y tuong co ban 1a. Trong ting bién trang thai x(k), thi phap 4nh xa (multivariate
mapping) (8.1) dugc rat lai thanh (univariate mapping)

Yk + 1) = fou(k)), (8.30)

trong d6 chi s6 dudi x cho thiy 1a f; 1a cho truong hop trang thai dic thu x. Tir phép
anh xa nay, 1a dang tuyén tinh héa timg phan, thi c6 thé dé dang tim dugc phép anh xa
nguoc u(k)=f"'x (r(k + 1)), cho thay 1a mo hinh c6 tinh ngich chuyén. Cé thé kiém tra
tinh nghich (invertibility) cho truéng hop ham (univariate functions). Pau tién, dung
(8.29), thi ham ra ctia mé hinh (8.25) don gian thanh:

> >t (0 )t () ),
Do 2 g (X))t ()

= > > A () ey () e,

=2ty ()X, 2, (xR )e,

k1) =

(8.31)

Trong d6 A(x(k)) 1a mtrc 46 hoan thanh chuan hoa ctia phan trang théi trong tién dé:
(x(k
jrHtt (8.33)

Khi c6 duge trang thai x(k), tinh dugc tong trong (8.31), ta c6:

P+ =3 1 )

Trong do:

(8.34)

M=

c 2 (x(k) e,

T4

1

(8.36)
Day la phuong trinh ciia m6 hinh singleton c¢6 ngd vao u(k) va ngd ra y(k + 1):
Néu u(k)1a Bjthi y(k+1)1a ck), j=1,...N. (8.37)

Tung ludt trong céc luat trén dugc nghich chuyén bang cac chuyén doi céc tién de va
hé qua, tir do co cac luat sau:
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Néu r(k+ 1) 1a ¢;(k) thi u(k)1a B, j=1...,N. (8.38)
Trong d6 tin hi¢u tham chiéu r(k+1) da thay ché cho y(k+1). Do cj(k) 1a singletons, nén
can c6 phép ndisuy gitra cac hé qua c;(k) dé tim u(k). Phép ndi suy nay dugc thuc hién

dung tap mo C; dung ham thanh vién dang tam giac:

%_rj
¢, —¢

U (1) = maX(O,min(l,

(8.39a)
r—c,, C,, -
U (r) = max| 0,min ,
G Em T (8.39b)
f1 () = max| 0 mm(lID
RAEE (8.39¢)
Ngé ra cta bo diéu khién nghich la:
N
u(k) = u,(rtk+1))b,,
=l (8.40)

Trong do b; 1a 161 (cores) cua B; . Phép nghich cho boi cac phuong trinh (8.33), (8.39)
va (8.40). Co thé kiém nghlem lai 1a két ndi ndi tiép giita bd diéu khién va mo hinh
nghich, dwgc v& ¢ hinh 8.3, cho phép anh xa don vi (identity mapping) (diéu khién
hoan hao)

ye+1) = £,(u))= £.(f " (r(e+1))=r(c +1), (8.41)

Néu ton tai u(k) sao cho r(k +1) = fix(k), u(k)). Khi khong ton tai u(k), thi sai biét
e+ £, (7 (r (ke +1)
tap cho ddc gia.

phai cang bé cang tot. Phan ching minh xem nhu 13 bai

rktD) | M6 hinhme | @A) | 6 hinn | WA
— = : e —
nghich mi
[ A
| w
Hinh 8.3: x(k)

M&i tidp mé hinh o vh b didu khidn ding phin nghich ¢fia md hinh

Bén canh viéc tinh toan muc dO ham thanh vién, cd mo hinh va bd diéu khién
c6 thé duoc thiét 1ap dung cac phép tinh todn ma trin va phép ndi suy tuyén tinh, lam
cho thuét toan thich hop cho céac thiét l4p trong thoi gian thue.

Trong luat nén khong kha nghich (noninvertible rule base) (xem hinh 8.4), co
thé tim duoc tip tin hiéu diéu khién bang cach phan chia luit nén thanh hai hay nhiéu
phan kha nghich. Trong timg phan tim tac dong dicu khién dung phép nghich dao.
Trong sb cac tac dong didu khién nay, chi chon dugc mot, bang cach dua thém vao
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mot sO tiéu chuan phy, nhu diéu kién 1a tic dong diéu khin 1a bé nhat. (thi du toi
thiéu u(k) hay |u(k) — u(k — 1)|).

.1 Hinh 8. 4:
Thi du v& m# hinh singleton khing kha nghich

/M\
Tinh kha nghich cia m6 hinh mo co thé dugc kiém tra khi chay, bﬁng cach kiém tra
tinh don di¢u cua cac hé qua gop chung ¢; theo cores cua tdp mo ngd vao b;, xem
(8.36). bBicu nay 1a hitu ich do cdc mod hinh phi tuyén c6 thé chi la khong kha nghich
cuc bd, dua dén mot dang ngoai 1¢ cua thuat toan nghich. Hon nira, trong cdc md hinh
trwc tuyén thi phép kiém tra nay 13 can thiét.

r/'

Example 8.2 Xét mo hinh mo tir thi du 8.1, dugc 1ap lai nhu sau:

u(k)

x (k] small medium large
Xl(fmt-' . !T[:"H’:l 11 C12 13
Xa(low = high) 21 92 29
Xa(high x low) 91 92 99
Ny(high = high) ca Cq2 C49

Cho trang thai x(k) = [y(k), y(k — 1)], mirc 46 hoan thanh cua tién dé dau tién
“x(k) ‘la X7, dwgc tinh nhu 14 uy (x(k)). Truong hop Xo, thi wp (x(k)) = ttew((K))
‘tnigh(y(k—1)). Dung (8.36), c6 dugc cores c¢;(k):

¢, (0 =Y, (x (),
= ., j=123. (8.42)

Thi dy, ham thanh vién cua tap mo C; , léy tur (8.39), du:qc cho ¢ hinh 8.5: )
Giasu la by < b, < b3, mo6 hinh 1a kha nghich (cuc bo) néu ¢; < c, <cz3haynéuc; > ¢,
> ¢3. Trudng hop nay, c6 dugce cac luat sau:

1) Néu r(k+ 1) 1a C (k) thiu(k) 1a B,
2) Néu r(k + 1) 1a Cy(k) thi u(k) 1a B,
3)Néu r(k + 1) 1a Cy(k) thi u(k) 13 B,



Noi cach khac, néu mo hinh khong kha nghich, tuc 1a, ¢; > ¢, < c3, thi cac luat trén
phai dugc chia ra thanh hai luat nén. Luat dau cha luat 1 va 2, va luat hai chtra luat 2
va 3.

|l G o C

Hinh 8.5: ¢ (k) c:(A} c5(k)
Cac partilion md tao ra b c1(k), ea(k) va igfnij
1.4 Mb hinh nghich dung cic khau tré

Khi mé hinh c6 céac khau tré tai ngd vao y(k + 1) =f (x(k), u(k — ny)), khdng dung dugc
phép nghich mot cach tryc tiép, ma can lam tré cac tac dong dleu khién u(k) di ny
budc thoi gian. Pé c6 thé tao ra duoc tin hiéu u(k) thich hop, thi cin chuyén mé hinh
di true ny — 1, thidu w(k) =f"'(r(k +ny+ 1), x(k + ny)), trong d6

X(k+ny))=[yk+ny), ..., yk+1) ...
yk—n,+ng+1), utk = 1), ..., utk—n,+ D] (8.44)

Cac giatrian, y(k + 1), . .., y(k + ny), duoc du bao hdi quy ding mé hinh:

vk+i)=fxtk+i—1), utlk —nd+i—1)),

X(k+ 1) = [k +), oyl = i+ 1)k~ i = 1), (8.46)
u(k_ntt_nd+i+l)]
vOi izl,...,l’ld.

1.5 Piéu khién dung mé hinh ndi tai

Nhiéu tac dong 1én qua trinh, nén nhiéu do duoc va mo hinh khong con khop voi d6i
tuong, tao sai léch gira ngd ra mo hinh va d6i tugng. Trong dicu khién vong ho, didu
nay lam sai s6 gitta tin hiéu tham chiéu va ngd ra cta qua trinh. So d6 diéu khién dung
mo hinh ngi tgi IMC (Economou, et al., 1986) 1a mot phuong thirc dé bo chinh sai sb
nay.

Hinh 8.6 minh hoa so ¢6 IMC, gdbm ba khau: khau diéu khién ldy tir mo hinh nguoc
cua doi twong, va ban than mé hinh, cing v6i khau loc phan hoi. Khau diéu khién
(duong vach) c6 hai ngd vao, tin hiéu tham chiéu va do ludng tai ngd ra ciia qua trinh
vamot ngd ra 1a tin hiéu diéu khién.
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Hinh 8.5: B dd difu khidn ding mb hinh ndi tai

Muc dich ctia mé hinh mic song song v&i dbi twong diéu khién 13 nham trir b6t anh
hudng cua tac dong diéu khién tir ngd ra cia qua trinh. Néu ngd ra du bao va ngd ra
clia qua trinh bang nhau, thi sai s6 e bang khong va bo diéu khién hoat dong theo ciu
hinh vong ho. Néu nhibu d tac dong 1én ngd ra cua qué trinh, tin hidu phan hdi e 1
bang voi anh hudng cia nhidu va khong anh hudng 1én tac dong diéu khién. Tin hiéu
ndy bi trir vi tin hiéu tham chiéu. Khi ¢6 md hinh dbi twong hoan hao, thi so d6 IMC
c6 kha ning tiét tiéu anh huéng ctia nhiéu cong tai ngd vao chua do duoc.

B loc phan héi dugc dwa vao nham lwot bd nhiéu do lwong dwge va 6n dinh
vong théng qua viéc giam bét do loi vong tai vang tan s6 cao. Trong cac hé thong phi
tuyén va mo hinh, bd loc nay phai duoc thiét ké dung kinh nghiém.

2. Piéu khién dung mé hinh du bao

Piéu kqhién dung mo hinh dy bao (Model-based predictive control: MBPC) la phuong
phap tong quat nham giai quyét cac bai toan diéu khién trong mién thoi gian, va dua
trén ba y niém co ban:

1. M6 hinh dugc dung dé du bao cic ngd ra ciia qua trinh tai cdc budc thoi gian roi rac
trong tuong lai, trong vung chdn troi du bao (prediction horizon).

2. Chudi cac tin hiéu diéu khién twong lai duogc tinh toan trong chdn troi diéu khién
(control horizon) bang cach to1 thi€u hoa ham muc ti€u cho trudc.

3. Chi dua tin hiéu diéu khién dau tién cta chudi, thi chan troi duoc di chuyén vé
hudng tuong lai va qué trinh t61 wu hoa duoc 1ap lai, di€u nay dugc goi la nguyén tac
chan troi ui dan (receding horizon).

Nho hudng toi wu hoa va stir dung mo hinh twong minh cta d6i tugng, nén MBPC c6
thé dung trong di€u khién t61 wu nhiéu bién, giai quyét cadc qua trinh phi tuyén, va co

the giai quyét hi¢u qua cac yéu to rang budc.

2.1 Du bao va chén troi diéu khién



Ngd ra twong lai caa qué trinh duoc du bao trong sudt chan troi du bao (prediction

horizon) H, dl‘lng mo hinh cuia qua trinh. Gi tri ngd ra du béo, goi la Yk+1) cho cac
i=1,..., H, phuthudc vao trang thai cua qua trinh tai thoi gian hién tai £ va tin hi¢u
diéu khlen sap toru(k +i)voii =0, ..., H.— 1, voi H. < H, 1a chan troi diéu khién
(control horizon). Tin hi¢u diéu khién ch1 duoc tinh toan trong chan troi diéu khién va
giita khong doi sau do, tirc 1a u(k + i) = u(k +H, — 1) voi i=H,...,H,—1,
xem hinh 8.7.
tham chigu 7
pp————=% %‘—‘
,*’r" ngd ra dybdo ¥ ;
s |
o0 i
. ¥ | |
SR S —,— i tin higu diew khien :
- W I thd giat
B S shintrid |
gitukhitn K T H, |
) chin trid durban ;
k k+H,
Hign tai
Qua khi T Tuwong lai
Hinh 8.7. Nguyén Iy co ban ciia diéu khign ding mé hinh dir bao
2.2 Ham muc tiéu
Chudi cac tin hiéu dieu khién u(k + i) v6ii =0, 1, ..., H, — 1 thuong dugc tinh bang
phuong phép t61 uvu héa ham chi phi quan phuong (Clarke, et al., 1987):
Hp . . 2 Hc ) 2
J = Z"r(k +i)— Pk +i], + Z"(Au(k +i— 1))”@- 549

Thira s6 dau tién duge dung dé t01 thiéu hoa phuong sai (variance) cua ngd ra qua trinh
voi tin hiéu tham chiéu, thira s6 thir hai biéu dién ham phat cho ty than u. P; va Q; la
ma tran trong s6 duoc dinh nghia 13 dwong nhim miéu ta tam quan trong cua tung thira
s6 13n nhau trong cac bude du bao cua (8.48). Cac thira sd phu c6 thé duoc thém vao
trong ham chi phi dé tinh toan véi cac tiéu chi dleu khién khac.

Ddi v6i cac hé thong cd vung chét ny; mau, chico ngo ra tai cac thoi diém tir k +
ny 1a duoc xem xét trong ham muc tiéu, do cac ngd ra trudc cac thoi gian nay khong
chiu anh hudng cua tin hiéu diéu khién u(k). Ly luan twong tu cho trudng hop cac hé
c6 pha khong t6i thiéu.



Céc rang budc “ctng” ( “Hard”) thi du muc va tbc do cia rang budc cua tin
hiéu diéu khién, ngd ra qua trinh, hay cac bién khac co thé xem 1a mot phan cua bai
toan t6i wu:

u™ <y<u™

Au™ < Au < Au™ (8.5())

min

y"<y<y
Aymin S Ay S Aymax

max

Cac bién c6 chi s6 trén min va max lan luot 1a bién dudi va bién trén cua tin hicu.
2.3 Nguyén ly chan troi lui dan

Chi c6 tin hiéu diéu khién u(k) dwoc dua vao qua trinh. Trong budc thoi gian ké tiép,
t6n tai ngd ra cia qua trinh y(k + 1) vaco thé 1ap lai cac du bao va phép t6i wu hoa véi
cac gia tri cap nhat duoc. Diéu nay dugc goi la nguyén ly chan troi lui dan (receding
horizon principle). Tin hiéu diéu khién u(k + 1) dugc tinh tai budc thoi gian & + 1
thuong s& khac voi tin hiéu tin tai bude thoi gian &, do ¢6 thén nhiéu thong tin hon vé
qua trinh. Y niém nay twong ty nhu chién lugc diéu khién vong ho da thao luan trong
phan 8.1. Pong thoi mé hinh c6 thé ding doc lap véi qua trinh, nhu trong trudng hop
diéu khién vong h dung nghia.

Mang noron hay hé mo hoat dong nhu bo du bao s6 hoc cian g0 ra qua trinh va
¢6 thé dugc tich hop truc tiép vao trong so d6 MBPC nhu vé ¢ 8.8. So d6 IMC thuong
duoc dung dé bd chinh yéu t6 nhidu va sai sé mo hinh hoa, xem thém phan 8.1.5.

J v i E I 5 v
- 2 ! o1 trong
—m{ Bt uu ! = B =
'y T o E dign lhién
2 — |
uy |y |
Wi hinh phi tuyén ' .
z ! ; V Y
\bén 5ag) i L) M hinh phi tuyén }_f“\
Bii loc e
=  phinhi

Hinh 8.8. 343 hinh phi tuyén trong sodd MBPC ding m® hinh nd: tai
va phan hdi dé bd chinh véu td nhidu v sai 58 mé hinh hda

2.4 T6i wu héa trong phwong phip MBPC

Téi vu hoa (8.48) thuong can ¢6 phuong phap t6i wu hoa phi tuyén khong 16i (non-
convex). Can phan biét mot s6 xu huéng chinh sau.

Thuét toan tdi wu héa theo budc Lip Xu hudng nay bao gom céc phuong phap nhu
phuong phap Nelder-Mead hay phuong phéap 1dp trinh quan phuong tuan tu (sequential
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quadratic programming SQP). £)01 V0'1 cac chu’cmg trinh diéu khlen dai hon (Hc), céac
thuat toan nay thuong hoitu Ve cuc tiéu cuc bd. Piéu nay lam x4u két qua cta bai toan
t6i uu hoa va hé qua Ia lam x4u hiéu nang cua bd diéu khién du bao. Mot phuong thuc
sira chira timg phan 1a tim t6t dugc nghiém ban dau, thi du dung phwong phap tim
kiém Iudi (grid search) (Fischer and Isermann, 1998). Tuy nhién, phuong phéap nay chi
hiéu qua trong cac bai toan co kich thudc bé.

Ky thuat tuyén tinh héa. Mot huéng co thé thuc hién duoc trong xu huong NPC la
tuyén tinh héa mo hinh phi tuyén tai mdi buéc ldy mau va duing mé hinh tuyén tinh
hoa nay trong cac so dd diéu khién du bao chuan (Mutha, et al., 1997; Roubos, et al.,
1999). Tuy thudc vao cac phuong phap tuyén tinh hoa dic thi, ma co thé dung nhiéu
hudng khac nhau nhu sau:

Tuyén tinh héa ding buée don Mb hinh phi tuyén dugc tuyén tinh hoa trong budc thoi
gian hién tai k va c6 dugc mo hinh tuyén tinh dung trong sudt chan troi du bao.
Phuong phap nay cho thiét 1ap d& va nhanh. Tuy nhién, trong cac qua trinh ¢6 tinh phi
tuyén cao cing véi chan troi du bao dai, phuong phap tuyen tinh hoa don budc thuong
cho két qua khong t6t. Yéu diém nay duoc giai quyét dung phwong phéap tuyén tinh
hoéa theo nhiéu bude.

Tuyén tinh héa theo nhiéu buwéc M hinh phi tuyén duoc tuyén tinh hoa lan dau tai
budc thoi gian k. Tin hi€u diéu khién c6 dugc 1a u(k) dugc dung trong dy bao cho

y (k+1) y4 mo hinh phi tuyén duogc tuyén tinh hoa ,an nita xung quanh diém lam viéc
sap to1. Lap lai thu tuc nay nhiéu lan co dén k + H,. Theo phuong phap nay thi mirc
xap xi mo hinh phi tuyen cang chinh xac, dic biét trong trrong hop chén troi dai. Chi
phi quan trong 1a khéi lwong tinh toan 16n.

Ca truong hop tuyén tinh héa don budc va da bude, thi can cd budc hiéu chinh
(correction step) dung mdt vecto nhicu (Peterson, et al., 1992). P61 vd1 mo6 hinh tuyén
tinh hoéa, thi tim dugc nghiém t61 uu (8.48) dung chuwong trinh sau:

min{lAuTHAu +cTAu}
Trong do:
{ H =2(R"PR, +0)
= 2[RMTPT(RXAX(/€)—I’+ d)]T (8.52)

Céc ma tran R, R, va P duoc cau tric tir ma tran ctua hé thong tuyén tinh hoa va tir mé
ta cua cac rang bude. Nhieu d cé thé dugce tinh cho sai s6 tuyén tinh hoa khi c6 sai biét
gittangd ra cua mo hinh phi tuyén va mo hinh tuyén tinh hoa.

Tuyén tinh héa phan héi K§ thuat tuyén tinh hoa phan héj (chinh xac va xép xi) cling
dung dugc cho h¢ NPC. C6 hai khac biét co ban gitra tuyén tinh hoa phan hoi phuong
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phap tuyén tinh héa dung hai diém lam viéc (two operating-point linearization) nhu
sau:

— Qua trinh tuyén tinh héa phan hdi ¢6 dic tinh dong khong doi theo thoi gian.
Day khong phai 14 trudng hop qua trinh duoc tuyén tinh hoa tai diém 1am viéc,
Nhu thé, thi viéc tinh chinh b diéu khién du bao vé sau nay s& gap kho khan.

— Tuyén tinh hoéa phan hdi bién doi rang budc ngd vao theo phuwong thic phi
tuyén. Day rd rang 1a mot khuyét diém, do chuong trinh quadratic program
(8.51) can ¢ cac rang budc tuyén tinh. Mot s6 nghiém cua bai toan nay da duoc
dé nghi (Oliveira, et al., 1995; Botto, et al., 1996).

pE+1) PE=D - FE+HL) wlk+H)
———
T
Hff B
k) ff_";_‘;{‘—:
a2, M:l::;
k i+l b2 v ki E+H,

0y A1) JZ) JH) JH)

Hinh 8.9 Phurong phap tim kiém dang cy ding trong
diéu khién dix bao.

Ky thudt tim kiém roi rac Mot hudéng khac duoc dung trong tdi wu hoa NPC trén co s
k¥ thuét tim kiém roi rac nhu 18p trinh dong (dynamic programming: DP), branch-and-
bound (B&B) methods (Lawler and Wood, 1966; Sousa, et al., 1997), thuat toan di
truyén (GAs) (Onnen, et al., 1997),v.v,... Y tudng co ban 1 rdi rac héa khong gian cia
tin hidu diéu khién va ding phuong phap tim kién thong minh dé tim nghiém can toi
uu toan cuc trong khong gian nay. Hinh 8.9 minh hoa y tuédng co ban nay trong khong
gian roi rac N (I alternatives):

uk+i-1) efwjlj=12...N}

R rang 14 s6 nghiém c6 thé co tang theo dang ham mu véi H, va nhiéu manh 16i da
dugc dung trong cac phuong phap khac nhau. Phuong phap 1ap trinh dong dya trén
yéu tb Iuu trit cac nghiém toi uu trung gian trong b nhd. Phuong phap B&B dung cac
bién trén va dudi cua nghiém nhiam cit cac nhanh khong dan den nghiém téi vu. Thuat
toan di truyén tim kiém trong khong gian v6i phuwong thirc ngiu nhién.

Thi du 8.3 (Piéu khién mdt don vi may diéu hoa khong khi) Piéu khicn du bao
nhiét d phi tuyén trong hé may di€u hoa khong khi (Sousa, et al., 1997) dugc minh
hoa nhu mot thi du. B diéu khién dy bao phi tuyén dugc phat trién dé dicu khién
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nhiét d0 cua cudn day quat, 1a mot phﬁn trong hé théng diéu khoa nhiét do. Nude nong
hay lanh dugc cép vao cudn day qua mot van. Trong don vi, khong khi bén ngoai duoc
tron lai va tao khong khi dua vé phong. Khong khi hon hop nay duoc quat thdi qua
cudn ddy va noéng 1én hay ngudi xudng (hinh 8.10a).
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Hinh 8.10 Bon vi difu hoanhidt 46 (a) va danh gid c0a md hinh TS (ngd rado duoe -
dudng s&m, ngd ra cia md hinh - deong dut net)

Qua trinh nay c6 tinh phi tuyén cao (do dic tinh cta van) va rat kho dé mo hinh héa
theo phuong phap mechanistic. Ding phuwong phap nhan dang phi tuyén, ta co thé co
duoc mo hinh chinh xac trong mot thdi gian ngan. Trong nghién ciu dwoc bao cao
(Sousa, et al., 1997), xay dung mét mo6 hinh mo TS tur do luong ngd ra dung phuong

phap xau chu01 mo (fuzzy clustering). M6 hinh nay du bdo nhiét d0 cung cap T dung
cac luat c6 dang:

Néu L1 Ay va T 13 Ap va u(k) 1a Az va uk — 1) 12 Ay,
i TG+ =d! [T, (0T, (u(buk -] +5,

Dit liéu nhin dang chtra 800 mau, ldy dwgc tir hai thoi diém khac nhau trong ngiy
(budi sang va budi trua). Thoi gian ldy mau la 30 gidy. Tin hiéu kich thich gém c6
nhiéu tin hiéu sin v6i ndm tan s va bién do khac nhau, va xung véi bién do va do rong
ngau nhién. Tap dit lidu riéng biét, duge do trong mot ngay khac duge dung dé danh
gia mo hinh. Hinh 8.10b so sanh nhiét dd cung cap do duoc va nhi¢t do dy bdo dé qui
tir mo hinh.
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Thiét lap b didu khién du bio mér cho cufn déy quat ding e trie IMC

Mot bo diéu khién ding mé hinh du bao dugce thiét ké theo phuwong phap B&B.
B diéu khién diung mo hinh IMC & hinh 8.11 dwgc dung b chinh cho sai s6 mo hinh
va nhleu Céac ngd vao bo diéu khién 1a diém thiét 1ap (setpoint), nhiét do cung cp du

bao s , va nhiét d6 hon hop da loc Tm. Tin hiu sai s0, e(k) =T (k) - T (k) , dugc dua
qua bo loc thong thap sd bac nhat F,. Mot bo loc tuong ty F, duge dung loc T,. Céc
bd loc nay déu thiét ké theo dang loc Butterworth, ¢6 tan sb cit duoc chinh dinh theo
kinh nghiém, lay tr md phong, nham c¢6 duge bd loc déang tin cay loc duogc nhiéu, va
cho dap tng nhanh. Hinh 8.12 v& mot mot két qua c6 duogc trong thoi gian thuc voi H,
=2vaH,=4

3. Diéu khién thich nghi

Cac qua trinh c6 dap Gng thay d6i theo thoi gian khong thé diéu khién tét dung cac bo
diéu khién c6 tham sb ¢ dinh. Piéu khién thich nghi (Adaptive control) la phuong
phap diéu khién ma tham s6 duogc tinh chinh truc tuyén dé duy tri cac tinh nang cua h¢
thong khi c6 su thay d6i trong qua trinh. C6 nhiéu phwong phap thiét ké bo diéu khién
thich nghi, va c6 thé dugc chia thanh hai nhom chinh:

= Diéu khién thich nghi gian tiép (Indirect adaptive control). M6 hinh diéu khlen
duoc thich tng trie tuyén va cac tham sb diéu khién duoc rat ra tir tham sé cua
mo hinh.

= Diéu khzen thich nghi truc tiép (Direct adaptive control). Khong dung mé hinh,
tham s6 diéu khién dugc cap nhat truc tiép

Phén tiép s& trinh bay cac thi du vu vé cac phuong phap diéu khién vira néu.
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Hinh 8.12 Dip img trong theén gian thyee oz hé rtht’:inng diéu hoa
nhiét 45, NMgd ra - dudng sam; tin higu tham chigu -dudémg Ot nét

3.1 Piéu khién thich nghi gian tiép

Co thé dung phuong phap chinh dinh tryc tuyén (on-line adaptation) de giai quyét yéu
t6 chua khop gitra d6i twong va mo hinh. Trong nhiéu trudng hop, yéu t6 khong khop
xuat hién nhu 1a hé qua cua cac thay d6i (tam thoi). Chinh dinh tryc tuyén con dung
duoc dé giai quyét yéu td khong khop gitra qua trinh va cac tham so qua trinh. Dé giai
quyét cac hién tuong nay, dic biét néu co anh huong cua yéu to thay doi theo thoi
gian, c6 thé chinh dinh mé hinh ngay trong vong diéu khién. Do tac dong diéu khién
duoc suy ra tr viéc lam nghich mo6 hinh mét cach truc tuyén, nén bo diéu khién duogc
chinh dinh m¢t cach ty dong. Hinh 8.13 minh hoa so dd IMC véi phép thich ing truc
tuyén cac tham sb hé qua trong bo diéu khién mo.

E M6 hinh H
Iy nghich mé
Tham sb h#é qui
e

Bé loc phan Loi <

y
Qua trinh .
*,

o : Voo X
Lo hanh ma '—hf

. Thich img |

Hinh 8.13: Sc dd didu khifn thich nghi dfmg m?& hinh

Do ngd ra cia mo hinh tir (8.25) co dang tuyén tinh theo cic tham s6 hé qua, nén co
thé dung thuét toan binh _phuong t6i thiéu dé qui (recursive least-squares algorithms)
dé udce lugng cac tham sb hé qua tu dir ligu. Gia st 1a cac luat cuia mo hinh mo cho boi
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(8.19) va cac tham s6 hé qua dugc danh theo chi sé tuan tu theo luat s6. Vecto cot cac
h¢ qua dugc cho boi e(k) = [c1(k), ca(k), . cK(k)]
trong d6 K 1a s luat. Mitc d6 hoan thanh chuan hoa dugc cho béi:

7i(k)=%, i=12,..,K.
2. B, (8.54)
Sép xép vecto cot p(k) = [y1(k), k), . . ., yx(k)]". Vecto hé qua c(k) duge cip nhat dé
qui tur:
P(k=1)y(k) r
k)=c(k-1 k)—y" (k)e(k-1)],
c(k)=c( )+/1+7T(k)P(k_l)y(k)[y( )=y (k)e(k—1)] 6.5

Trong d6 A 1a thira s& quén khong d6i (constant forgetting factor) gdy anh hudng 1én
kha ning bam theo ciia thudt toan thich tmg. Khi A cang bém thi cap nhat cic tham sb
hé qua cang nhanh, tuy nhién thuét toan lai nhay cam véi nhiéu. Nhu thé, viéc chon
Iya A 13 bai toan phu thudc. Ma tran dong phuong sai (covariance matrix) P(k) duoc
cap nhat theo:

Pl = 1| pee 1y PE=DrR)y (PG 1) |
A

A+y"(k)P(k-1)pB(k) (8.56)

Pong phuong sai dau tién thudng duoc chon 1a P(0) = a1, trong d6 I 13 ma trdn don vi
K x Kvao lahang s6 duong co gia tri 16n.

3.2 Hoc tang cuong

Hoc tang cuong (reinforcement learning: RL) Xuét phat tir nguyén Iy hoc cua nguoi va
sinh vat. Khi ung dung vao diéu khién, RL khong can mo6 hinh tuéng minh vé d6i
tuong diéu khién. Hon nita, viéc udc lwong cac tinh ning diéu khién, yéu t ting
cuong (the reinforcement, c6 thé hon thd bao (crude) (thi du nhu tin hiéu nhi phan cho
thiy 1a thanh cong hay that bai) va ¢ thé lién quan dén toan chudi tac dong dicu
khién. Diéu nay khac véi phuong thirc hoc cb giam sat (supervised learning) theo d6
tin hiéu sai biét cho hoan toan thong tin vé bién d6 va du cua sai biét giita ngd ra
thuc va ngd ra tham chiéu.

Thi du 8.4 Con nguoi c6 kha nang t6i vu hanh vi trong timg mo1 truong cu thé. Nhiéu
nhiém vu hoc bao gdom cac budce thu 13p lai nhiéu 1an qua cac yéu t6 thuéng hay phat
Moi 1an thir ¢6 thé 1a mot chudi dong cac hanh dong trong khi qua 1 tri danh gia
(reinforcement) chi nhan dugc vao phit cudi.

Thi du, ban mudn hoc danh tennis. Thir nghi¢ém diéu khién 1a ban mudn danh
dung vao banh. Trong truong hop hoc c6 giam sat ban sé& can dén gido vién nham danh
gia kha nang cua ban trong cac thoi gian va cho ban biét 1a ban can thay d6i chién lrgc
dé tu cai thién minh. Huan luyén vién co thé giai thich chi tiét vé phuong thirc thay do6i
cach danh, phwong thie tiép can véi banh, v.v,..



Trong phuong phap hoc tang cuong (reinforcement learning) thi khac, nhiém
vu ctia gido vién 1a chi cho ban biét 1a ca danh 1a OK (thudng) hay khong (phat), va
cho ban kha ning xac dinh phuong thirc stra chita phi hop nhét cho chién lugc cua
minh.

Diéu quan trong 1a sau moi phép thir 1a méot chudi dong cac tac dong (hudng
banh, chuan bj va danh banh) trong khi tac dong ting cuong thuc té chi nhan duoc vao
phut cudi. Nhu thé, mot s6 luong 16n cac phép thir ¢6 thé 1a can thiét dé tim ra duoc
tac dong nao la ding va tac dong nao phai hi¢u chinh lai.

Muc tiéu cua hoc ting cuong RL 1a nham phét hién ra chién luoc diéu khién
nham ti da hoa tac dong ting cuong (thuéng) nhan duge. Do khong co gido vién hay
ngudi giam sat tir ngoai dé dInh gia tac dong diéu khién, RL dung bd danh gia noi tai
dugc goi 1a phé phan (critic). Vai tro ctia phé phan 13 du bao két qua cia timg tac dong
diéu khién trong tung trang thai cua qua trinh.

Chlen lrgc diéu khién 13 chinh dinh dung phuong phap kham pha, tirc 1a céan
nhic vé thay d01 cua tac dong diéu khién do bo diéu khién tinh toan dugc va thong qua
so sanh voi yéu td ting cuong nhan duoc véi timg dy bao do bd phé phan tao ra. So
dd khdi mot bd RL co dién duogc vé & hinh 8.14 (Barto, et al., 1983; Anderson, 1987),
gdm c6 don vi danh gia tinh ning, bo phé phan, don vi didu khién va bd bd chinh tac
dong ngau nhién.
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Hinh 8.14 S0 dd hoe ting cudmg

Qua trinh hoc trong so‘d(*) RL thyc hién trong thoi gian roi rac. Goi k 1a thoi
gian hién tai, hé thong dugc diéu khién dung phuong trinh chuyén trang thai sau:

x(k + 1) = fix(k), u(k)), (8.57)
trong d6 f1a ham an. Dé don gian ta chi xét hé mot ngd vao, mot ngd ra.

Pon vi danh gia tinh ning. Khdi cung cip tin hiéu hoc ting cudng tir ngodi (external
reinforcement) r(k) thuong dugc gia st 1a c6 hai gia tri:

r(h) :{ 0 safistied

-1 failure (5.58)
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Khéi phé phan. Nhiém vu cia phé phan 13 du bao tin hiéu ting cuong sip dén r ma
qua trinh nhén trong trang thai hién tai tiy theo chién lwgc diéu khién hién tai.

Du bao nay duoc ding dé co dwgc nhiéu tin hiéu mang thong tin, dugc goi 13 ting
cuong ndi tai (internal reinforcement), c6 lién quan dén qua trinh thich tng bd phé
phén va bd diéu khién.

Trong nhiém vu hoc dong, tac dong diéu khién khong thé xét doan riéng 1& do
tur cac ddc tinh dong cua qua trinh. Khong biét duoc 1a tin hiéu diéu khién dic thu nao
tao ra duoc trang thai dic thu nao. Didu nay dua dén bai toan goi la credit assignment
problem (Barto, et al., 1983). Muc tiéu la t01 da hoa yéu t ting cudng tong trong sudt
thoi gian, va co thé du:qc biéu dién theo tong cua cac tin hiéu ting cudng bén ngoai
(trc thoi).

V)= 7 () 55

where y € [0, 1) 1a thira s6 discounting dang mu, r 1a tin hiéu tang cuong tir ngoai,  la
thoi gian roi rac, va ¥ (k) 1a tong (discounted sum) cua cac tin hiéu ting cudng sap téi
thuong duoc goi 1a ham gia tr1 (value function).

B6 phé phan dugc huén luyén dé du bao ham gia tri tuong lai V' (k + 1) cla

trang thai hién tai cua qud trinh x(k) va tin hiéu didu khién u(k). Goi V(K 1a du béo
cua V (k). b€ tim luat phé phan, viét lai phuong trinh (8.59):

V) =S 7™ r(i) = r(k) + ¥ (k +1)
= (8.60)

Pé huén luyén bd phé phén, cin tinh sai s6 du bao AR =V(E)=VK) Gig i thuc
cua ham gia tr1 V' (k) 1a chua bi€t, nhung c6 thé xap xi dugc bang cach thay thé sai s
du bao:

AK)Y=V (k)=V (k)= rk)+ W (k+1) =V (k) (8.61)
Do A(k) duoc tinh toan dung hai gia tri lién tiép nhau V(k)yy V(k+1) , hén duoc goi

4 sai biét tam thdi (temporal difference) (Sutton, 1988). Chu y 1a ca ¥ (F)ya V(k+1)

déu duoc biét tai thoi diém k, va do Vik+1) 13 du bdo c6 dugc tir trang thai hién tai
cua qua trinh. Sai biét tam thoi dung lam tin hiéu tdng cudng ndi tai, xem hinh 8.14.
C6 thé dung sai biét tam thoi dé huan luyén bo phé phan. Xét bo phé phan duoc biéu
dién thong qua mang nordon hay hé mo:

V (k+1) = h(x(k),u(k); 6(k)) (8.62)

Trong d6 O(k) 14 vecto ctia tham sb chinh dinh. Dé cap nhat 0(k), dung luat hoc giam
theo gradien:



Ok +1)=0(k)+a, a—h(k)A(k),
o0 (8.63)

Trong d6 a, > 01a tdc do cua bd phé phan.

Pon vi diéu khién, B0 hi¢u chinh tac dong ngiu nhién. Khi huin luyén bo phé phan
dé dy bao tinh nang sap to1 cua hé thong (ham gia tri), thi don vi diéu khién c6 thé
dugc cap nhat nham thiét 1ap anh xa tdi uu giita cac trang thai hé théng va tac dong
diéu khién. Sai biét tam thoi duoc dung dé cap nhat don vi diéu khién nhu sau.

Cho mot trang thai nao do, tac dong diéu khién u duoc tinh dung bd diéu khién
hién tai. Tac dong nay khong dugc &p dung vao qua trinh, nhung lai bi thay d6i mot
cach ngdu nhién dé u’ bang cach cong thém gia tri ngiu nhién tir N(0, o) vao u. Sau
khi hiéu chinh, tac dong u’ dugc goi dén qua trinh tinh duoc gia tri sai biét tam thoi.
Néu tinh ning hién tai tét hon du bao, thi b diéu khién dwgc cép nhat theo hudng tac
dong hi€u chinh u .

Xét bo diéu khién duoc biéu dién ding mang noron hay hé mo

u(k) = g(x(k); p(k)) (8.64)

trong d6 @(k) 1a vecto tham s6 hiéu chinh. Dé cap nhat @(k), dung luat huan luyén
sau:

0 \
ok +1)= (k) +a, a_g(k) [’ (k) — u(k) A CK),
, ¢ (8.65)
Trong do a, > 01a toc do hoc cua bo dieu khién.

Thi du 8.5 (Con lic ngwec) Trong thi du nay, hoc tang cuong duoc dung dé huin
luyén bo diéu khién con lic nguoc, 1a mot bai toan kiém nghiém noi tiéng. Muc tiéu 1a
huén luyén dé b diéu khién can bang con lic thang ding khi xe chay t6i lui nhu hinh

8.15.
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Hinh 8.15. Con lde nguroe

Hé théng c6 mot ngd vao u, gia toc cua xe (cart), va hai ngd ra, vi tri xe x va goc léch
ctia con lic a. Khi c6 duoc mé hinh toan hoc hay mé phong cua h¢ thong, thi khong
khé khan 1dm dé thiét ké bo diéu khién. Hinh 8.16 vé& so d6 khoi cua cac bo dicu khién



PD ndi dudi va duoc tinh chinh tir phép thir va sai ding mé hinh Simulink cta hé
thong (invpend.mdl). Hinh 8.17 v& dép tmg cia b diéu khién PD theo vi tri tham
chiéu.

Khi dung thuc nghiém phép hoc RL, thi bo diéu khién bén trong dugc tao thich
nghi, trong khi bo diéu khién vi tri PD van duoc gitta nguyén. Muc dich 13 6 dinh con
l4c, hoan toan khong phu thudc céac chién lugc diéu khién ban dau (tac dong ngau
nhién).

Bo phé phan duogc biéu dién dung m6 hinh mo singleton dung hai ngd vao, gia
tri goc hién tai a(k) va tin hiu diéu khién hién tai u(k). Dung bay ham thanh vién tam
giac cho mdi ngd vao. Ham thanh vién la khong d6i va tham s6 hé qua 14 thich nghi.
Céc gia tri dau 1a —1 cho ting tham sb hé qua.
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Hinh 8.17. Hidu ning c0a bd didu khién PD
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Bo diéu khién duoc biéu dién dung m6 hinh mo singleton ¢6 hai ngd vao, goc hién tai

a(k) va gia tri dao ham (k) . Nam ham thanh vién tam giac dugc dung cho timg ngd
vao. Cac ham thanh vién la khong d6i va cac tham sb hé qua la thich nghi. Gia tri dau
1a 0 cho ting tham s6 hé qua. Chién luge didu khién ban dau duoc xac dinh hoan toan



dung bo hiéu chinh tac dong ngau nhién (tu than di 1a ngu nhién). Nhu thé chéc chin
1a bo diéu khién khong 6n dinh. Sau khi thir v6i nhidu tac dong diéu khién, (con lac
nguoc duoc reset vé hudéng thang ding sau mdi thét bai), so d6 RL hoc phuong thirc
diéu khién hé thong (Hinh 8.18).

Chu ¥ 1 trong khodng gan 20 gidy, bo diéu khién khong on dinh dugc hé théng.
Sau khoang 20 dén 30 lan that bai, hiéu ning dwoc cai thién nhanh va tién dan dén
hi¢u nang cua bd diéu khién PD di duogc chinh dinh tt (hinh 8. 19). Dé tao két qua
nay, tham sb sau cung cua bo diéu khién dwoc ¢ dinh lai va nhiéu bi loai hoan toan.
Hinh 8.20 v€ mat phang phé phan va diéu khién sau cung (final). Ché y 1a phé phan ¢
trang thai thuéng nhidu khia = 0 va u = 0. Trang thai khica a vau déu 1a am 1a phat,
do chung tao ra hong hoc (tac dong diéu khién c6 chiéu sai). Trang thai khi a 13 4m
nhung v 1a duong (va nguoc lai) thi dugce wdc lugng gitra hai cyc tri nay. Cac tac dong
diéu khién nay co thé dan dén cai thién (tac dong diéu khién di dung chiéu).
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Hinh 8.18. Qué trinh hoc ofia bé didu khidn RL
4. Tom tit va cac diém cin quan tAm

Chuong d3 gidi thiéu nhidu phwong phép phat trién cac b diéu khién phi tuyén dung
m6 hinh mo hay mang nordn qua trinh diéu khién. Do 1a cac bo diéu khién nghich,
diéu khién du béo, va hai ky thuat diéu khién thich nghi. M6 hinh néi tai c6 thé dung
trong phuwong phép tong quat dé loai nhiéu cong tai ngd vao va céc sai s6 bé khi mo
hinh héa trong diéu khién nghich hay mé hinh du béo.
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Bai tap
. V& so db tong quat cta hé diéu khién truyén thang trong d6 bo diéu khién dung
mo hinh nghich ctua dac tinh dong ctia qua trinh diéu khién. Mo ta cac khoi va
tin hiéu trong so do.
Xét hé mo hinh hinh Takagi—Sugeno dang affine bac mot:
. Giai thich ¥ niém cta phuong phép dicu khién dy bao. Cho biét cong thuc tim
ham chi phi va giai thich cac ky hi¢u.
Nguyén tac di€u khién thich nghi gian tiép la gi? V€ so do khoi cua so do dicu
khién gian tiép va giai thich chirc nang cac khoi.
. Gidi thich y tudng ctia phuong phap di€u khién dung m6 hinh ndi tai (IMC:
internal model control).
Cho bi€t phuong trinh dung cho ham gia tri (value function) dugc dung trong
ludt hoc tang cuong (reinforcement learning).
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Hinh 8.19 Hiéu ning cfa b3 RL sau khi hudn luvén



8 WU o (oPERps S
(k) B& didu kdfn
Hinh 8.20. Mt phing sau cling cia phe phap (trai) va didu khiénphai)
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