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DIEU KHIEN TRONG DIEU KIEN BAT DINH TREN CO SO
LOGIC MO’ VA KHA NANG SU DUNG DAI SO GIA TU
TRONG CAC LUAT DIEU KHIEN

VU NHU LAN, VU CHAN HUNG, PANG THANH PHU

Abstract. It is difficult to eliminate uncertainty which is always considerable obstacle in control problem.
The suitable solution is to accept uncertainty hidden in the state of system. This view-point enables the
existing control algorithms to be develop on the basis of fuzzy theory and fuzzy logic. Therefore, the hedge
algebras can be used in the knowledge-based system control problems.

Tém tit. Bat dinh luén 1a mét trd ngai lén trong bai todn diéu khién va khé b thé loai trir. Céch gidi
quyét hop 1y 1 nén chdp nhan bat dinh an trong trang théi hé théng. Quan diém nay cho phép phat trién
céc thuit todn diéu khién hién cé trén co s& Iy thuyét tip me va logic me. Tir d6 cé thé sit dung dai s8 gia
tir trong cdc bai todn diéu khién duwa trén tri thic.

1. MO PAU

Tinh bat dinh trong cdc hé diéu khién 13 mét thach thirc 16n, rat birc xtic va khé gidi quyét mot
céch triét dé trong cdc thuat todn diéu khién. Bén trong déi tirong diéu khién trén thuc té bao gids
ciing ton tai nhitng thanh phin khéng mé hinh héa duoc. Nhirng thanh phan nay duoc dwa vé dang
bat dinh tham s6 va bat dinh phi tham s6. Pac biét khé khan cho nhirng bai toidn xir 1§ bat dinh phi
tham s6. Ngoai ra nhitng tdc dong qua lai gitra cdc phan khic nhau cia hé théng diéu khién ciing
c6 thé sinh ra bat dinh cé cau tric phtrc tap khé ¢6 thé kiém sost diroe. Dé moé téd nhitng dang bat
dinh khéc nhau d6, thuong trong mé hinh cta déi twong diéu khién phai bé sung thém cdc dai luong
théa man gid thiét “cong tinh” nhwr nhiéu tring, nhiéu mau, tap nhidu hodic dira vao mé hinh cac
dai lwrong bat dinh duéi dang tham s, khodng tham s& ... Ty tirng truong hop cu thé, cich gidi
quyét c6 thé khac nhau song cling chung mét muc tiéu nhu loai trir bat dinh, vi du [29] hosic chap
nhan bat dinh nhu 1y thuyét diéu khién bén virng, vi du [5, 15] hosic bat bién véi phan nao su thay
doi tham s6 trong qué trinh dieu khién dién hinh 13 diéu khién cé cau tric thay déi [7, 9, 13, 18, 22].

Trong thoi gian gan day, nhé mot s6 cong cu nhu 1§ thuyét ma, 1ogic mé, mang noron, bai todn
dieu khién trong diéu kién bat dinh da dwoc gidi quyét mang tinh thong minh [8, 12, 21, 26]. Dic
biét déi v6i hé phi tuyén, phirong phép két hop logic me va diéu khién c¢6 cau tric thay déi da mang
lai nhiéu két qua ot [3, 14, 17, 28].

Mot huwéng nghién ctru ¢é ¥ nghia 13 diéu khién cdc ddi twong phitc tap trén co s mo hinh héa
doi trong diéu khién duéi dang mé hinh khéng gian trang thai mo. Day 13 mot déng gép méi, khai
thac duge moi lién quan gitra dieu khién va logic me [1, 2. Gan day mot s6 tmg dung da trién khai
trén co s& st dung phwong phép khong gian trang thai mé. Chinh vi vAy phéat trién hiréng nghién
ctru nay doi véi bai todn diéu khién déi twrong phi tuyén chita bat dinh 1a muc dich cia bai bao.

Gia str déng hoc ciia ddi twong phi tuyén chita bat dinh dwroc dién ta bing phwong trinh sau

day:
’ w(t) = A(@(t), F(£) + B((t), £(£))u(t), (1.1)
trong dé
x(t) = (21 (1), 22(t), ..., xn(t)]T € R? véc to trang théi
w(t) = [ur (), us(t), ..., um(@t)]" € R™ vecto diéu khién

f@t) c Py C R véc to bat dinh
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Py tap compact biét trudc
A() va B() ham vecto va ham ma tran c6 dang biét trirde va c6 chiéu phit hop.

Dé dam bdo phuwong trinh (1.1) luén ton tai nghiém duéi cic téc dong clia diéu khién nham gitr
cho déi twong 6n dinh toan cuc trong qué trinh bam theo quy dao cho trude can cé cic diéu kién
sau [11].

Pieu kién 1. f(.) do duoc theo Lebesgue va cé cic gia tri nam bén trong tap compact biét trudc
Pf C RF.

Piu kién 2: A() va B(.) 1a cdc vecto ham, ma tran ham cé dang carathéodory manh véi moi bat
dinh f(—) thda man diéu kién 1.

Xem xét mé hinh khong gian trang thai déng hoc mé trong [1, 2] ¢é thé thay rang cic trang théi
clia d6i tirong diéu khién phi tuyén khéng chira bat dinh dwroc md héa lam co s& cho qué trinh suy
luan md& dua vao luat IF-THEN mé& dé tao ra mo hinh ré tuyén tinh khéng chira bat dinh. Nhung
khi m6 hinh cia déi twong diéu khién c6 chita bat dinh nhu dang (1.1) thi phwong phép [1, 2] khong
thé st dung mot céch truc tiép dwoc nira. Tuy nhién c6 thé thay rang: van dé cot 16i clia phurong
phép [1, 2] 1a coi phép suy ludn md 1a phép bién dai tinh phi tuyén thanh tuyén tinh. Nhu vay néu
xem phép suy luan ma 13 phép bién dai tinh bat dinh dang (1.1) tré thanh khong chira bat dinh
sau phép suy ludn m& theo moét nghia nao dé thi hoan toan c¢é thé sit dung duwoc phrrong phép suy
luan mo dang [1, 2]. Tir day suy ra néu trang thai hé thu dwoc sau phép suy ludn mo ngam chita
bat dinh duéi dang bién mo thi mo hinh nay tré thanh moé hinh md khéng con chira bat dinh theo
nghia m&. Diéu nay dan dén cic ham A(.) va B(.) bi thay déi vé mat ¥ nghia va trd thanh anh xa
m&. Céc phép tinh s6 hoc trd thanh cdc phép tinh s6 hoc m& va diéu khién trd thanh bién me. Mé
hinh thu dwoc sau qué trinh suy ludn mé 13 hé mo khong chira bat dinh theo nghia mé. Nhu vay
tiép can [1, 2] ¢6 thé str dung dwoc ma khong can su thay doi nao trong co cau suy luan mé.

Tir su phan tich trén, mé hinh thu duoc can c¢6 dang mo sau day:

x(t) = A(z(t)) ® B(z(t)) © u(t), (1.2)
trong dé: ” o T ”
g(t) = [51@)7 362(15)7 736n(t)]T vecto trang thai mo
g(t) = [31@)7 N2<t>7 7Num(t)]T vecto diéu khién mé
il() va §() 13 cic 4nh xa

Céc phép tinh s6 hoc md bao gom:

@ phép cong mo

© phép trir mo

® phép nhan mo

@ phép chia mo

(U6 rat nhieu phuwong phap dinh nghia cidc phép tinh s6 hoc m& nhung mét trong cdc phuong
phép don gidn 1a st dung s6 m& LR [6]. Véi phuong phap nay, cdc bién déi s6 hoc mo khong khac
may so vGi cac bién ddi s6 hoc binh thurang.

Dé thuan tién cho cic tinh todn, gid st rang: x(t) C I, C R™ trong d6 I, 1a tap compact biét
trude va 1a tich dé cde cia cdc tap nén I, :

I, =1, X Iy X . x I (1.3)

véi Lo, € Vi Vi), 1=1,2,..,n

M6 hinh thu dugc (1.2) dwoc goi 14 mo hinh khong gian trang thidi mo dong hoc md rong
(extended dynamic fuzzy state space model).

Ngoai ra, dé ¢6 thé ba sung céc bai todn t6i wu tham s6 vao qué trinh diéu khién can mé rong
dinh nghia vé s6 m& LR.

Céc s6 m& theo [6] duroc mé rong dé cé s6 mo LR mé rong sau day (extended LR fuzzy number).

Goi M(m(mg), o, 8) 1a s6 md LR mé rong, khi ham thudc duoc xdc dinh duwéi day:



PIRU KHIEN TRONG PIEU KIEN BAT BINH TREN CO SO LOGIC MO VA ... 213

L(m(mo) — 2)/a 3 Mpin < 2 < m(mg)

R(z —m(mo))/B  ; mlmo) < 2 < Mpax
M) =Y L) = RO) =1 ¢ 2 — m(mo)

0 12 < Muin, 2 > Minax

a, B 1a céc tham s6 co dan, m(mg) 1a gié tri trung binh duoc chon phu thudc vao mg va nam trong
khodng [m — mg, m + my], trong dé:

Mrnax - Mmin

— 1

Luu § rang mg c6 thé chon ngau nhién trong khodng [0, (Mmax — Mmin)/4].

Khi mg = 0, nhan duoc sé6 mo LR [6].

0<my <

2. PAT VAN PhE

Dé phat trién cdc thuat todn diéu khién, triedc hét xét doi trong phi tuyén mét dau vao - mot
dau ra chira bat dinh c¢6 bac n sau day:
o (t) = ws(t) (2.1)

trong dé:
y(t) = [x1(t), x2(t), ..., zn(t)]T € R - vecto trang thai
u(t) €R - dieu khién v6 huéng
f@t) Cc PfC R - vecto bat dinh thda man Diéu kién 1 tai Muc 1
al)e Rva b()€R - ¢dc ham v6 huéng biét trude théa man

biéu kién 2 & Muc 1
M6 hinh (2.1) ¢6 thé dua vé dang (1.1) bang cach dit:

a1 () xg(t)
CLQ(.) xg(t)

52( 0
BO=| + |=|: (23)
bnfl('> 0
bn(.) b(.)
bat: z(t) = z1(t). (2.4)

Vecto trang théi y(¢) trong mo hinh (2.1) ¢é dang:
y(t) = [x(t),&@), ... a" D).

y(t) = [z1(t), 22(2), ..., ()] (2.5)

Nhu vay mo hinh (2.1) trd vé dang mo hinh (1.1) thoa man Piéu kién 1 va Piéu kién 2:

y() = A(y(0), £(£) + Bly(t), f(£))u(?)- (2.6)

Gid st vecto quy dao cho trudc can bam la:

Két hop véi (2.1):



214 vU NHU LAN, VU CHAN HUNG, PANG THANH PHU

dy(t> - [dl (t>7 d2(t>7 R dTL(t)]T - [d<t>7 d(t>7 R dn71<t>]T7 (27>
6 day: d;(t) =d7 ), i=1,2,...,n. (2.8)

V&n dé dit ra 1a tim dieu khién sao cho véi moi bat dinh f(t) C Py C RY, hé kin (closed-loop
system) 13 6n dinh néi bo (internally stable) va trang théi x(t) cda hé bam tiém can dy ().

3. GIAI QUYET VAN PE

Cé6 nhiéu phuong phép gidi quyét van dé dat ra nhu c¢é thé st dung tiép can [1, 2] cho van dé
nay. Tuy nhién dé ddm bao 6n dinh noi bo, cin st dung tiép can [7, 22| trén quan diém thay thé mo
hinh (2.6) bang m6 hinh dang (1.2) dé gidi quyét van dé néu trén.

3.1. Chuyén d8i md hinh. Sir dung (2.1)-+ (2.6)
Mo hinh (2.1) hotic (2.6) c¢6 thé thay thé bang mo6 hinh dang (1.2) sau day:

§(0) = Ay() © Bluy(1) © (). @.1)
trong dé:
§(0) = [0, 50), 5O = [0, 2,0), - 2 O (3.2

voi ]
ety =xt) i=1,2,..,n va x(t) = x(t),

1

(y0) = [0, 2,0, . 2 (1), aly @), (3.3)

~

§(g(t)) =10,0,..., b(g(t))]T. (3.4)

~

~

Tir day, dé don gidn cho céch viét, ky hiéu ¢ s& dwoc bd qua.
3.2. Mo héa trang thai z;

Trén co s& tap nén Ip, = [Vimin, Yimax), xay dung Ny +1 86 m¢ LR mé rong trén N; phan doan

[Vi - A7 v+ A]7 tI‘OHg dé : Vi = Vimin, Vimin + A7 Vimin T 2A7 -oy Vimin + NzA = Vimax

Vimax — Yimin
A= ——— 3.5
- 5.5)
Ky hiéu: I(z;/v;) = [vi — A, vi + A C I, (3.6)
Lwru ¥ rang cic s6 m& LR tai cidc phan doan dau tién va cudi ciing bi loai bd phan trai va phian
phai cla s6 m& do tran ra ngoai tap ;.
S6 m& LR mé rong trén cdc phan doan dugc ky hiéu 1a MY (m;(mo), o, Bri) v6i ham thude
Vi

n
(). S6 lwgng t6 hop cdc s6 mo nay tao thanh HlNi vecto cuia vecto trang thii mo y.

1= ~
3.3. Tinh todn vecto trang thdi mo y

~ N y N ’ \ ’ ~ ~ X A 7
Trén co s& biéu thirc (3.2) va cdch mo héa néu trén, moi vecto sd md cla vecto trang thai y

~

dugc xdc dinh bing mot vecto s6 m& LR sau day trén mot phan doan cia tap nén Iy, :

My(l/l,l/g,...,l/n) _ [Ml/l Wiz 7]\4916/::]T (37>

xy 0 g

(3

Biéu thitc (3.7) chinh 1a mét trong HlNi vecto md cla vecto trang thai md y (vecto bién md).
i= ~

Tap nén I, cia y duoc tao bdi tich Pé cdc sau:

Iy=1,, x I, x...x 1, CR" (3.8)

Phan doan cua tap nén I, duoc ky hiéu:
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I(y/vr..vm) = I(x1 f1n) x I(xa/va) X ... X Iy [vy) C 1. (3.9)
bay 13 khodng gia tri y ma trén dé cé s6 md Myrorzbn,
3.4. Tinh todn vectoc ham s8 m& A(y) va B(y)

Trude hét can wée luong duoc khodng gid tri cia ham a;(y, f) véi moi y va f.
Mé hinh (2.6) thda man Biéu kién 1 va Piéu kién 2, do d6, theo [11] a;{y, f) 13 ham bi chan

trén va duéi véi moi y, f va ddm bdo ton tai mot hang s6 duong C,, (y/(v1, ve, ..., vn)) trén thuc té
sé ddnh gid dugc hang s6 nay) sao cho:
llai(y, N < Co,(Iy/v1, va, ..., Vn), (3.10)
Vi = Vimin, Vi min + A7 cers Vimin + NlA — Vimax = 17 27 ceey T

Nhu vay tir (3.10) ddm bdo ton tai phan doan I(a;/v1, va, ..., ) duoc dinh nghia bang:

Hai/v1,va, .. ovm) ={as(y, f) |y € I(y/v1,va,...,vn) VA f C Py} (3.11)
théa man I(a;/v1,va, ..., vn) C [—CIy/v1,ve, ..., vm), CLy/vi, va, ..., vn) C R (3.12)
sao cho: ai(y, f) € I{a;/vi,va, ..., ) (3.13)
véi moi: y € l(y/vi,va,....vy) va fePpCRP
d61 vol: Vi:Vimin7Vimin+A7~~~7Vimin+NiA:Virniru = 1727...771.

Goi I, 13 tap nén cdc gié tri cla a;(y, f) duoc dinh nghia duédi day:

Y1 max Y2 max Yn max

L= U U « U IHafri,ve ... (3.14)

V1=V1 minV2=V2 min Vn=Vn min
Tuong tu nhu cdch xdc dinh phan doan tip nén va tap nén cia ham a;(y, f) néu trén, hoan
toan x4c dinh duge phan doan tap nén va tap nén cia ham b;(y, f) ddi véi mo hinh (2.6).
Cu thé la:

[biCy NI < Co (Ly /11, 12, -, ). (3.15)
Khodng gi4 tri duoc dinh nghia nhw phan doan tap nén cia ham b;(y, f):
I(bi/11,v9, vm) = {bi(y, f) |y € L(y/v1,va, ... vm) VA f € Py} (3.16)
ddm bdo ton tai:
I(bi/v1,v9, .., vn) C [=Co,(Iy /11, v, oy V), Co,(Iy /11, oy ., )] C R (3.17)
sao cho bi(y, f) € I(b;/v1,va,..., ). (3.18)
Tap nén cia ham b;(y, f) duoc xdc dinh qua:
Vimox  V2max Vi max
L= U U U 1Gi/mve, ), i=12,..n (3.19)
V1=V1 minV2=V2 min Vn=Vn min
Nhu vay trén moi phan doan tap nén I(a;/v1, v, ..., vy) xay dung duge mot s6 md LR mé rong:
M£Z/17l/27...7l/n) _ (agi/ri(,;;z(;.)..,l/n)7ag::1,1/2,...,1/n)7Bo(bli/l,l/g,...,l/n)> <320>
véi ham thudc tuong tng: /LS&Z’:Z’”"V") (a;).
Tuong tu ddi véi phan doan tap nén [(b; /vy, v, ..., vy) ¢6 56 md LR mé rong:
M£Z/17l/27...,l/n) _ (bgi/ri(,;;.)..,l/n)7al()li/l,l/g,...,l/n)7Blgz/l,l/g,...,l/n)> <321>

véi ham thudc: uf&lb’,”z"""/") (b;).
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Cudi cling vecto ham A(y) duoc xdce dinh qua vecto s6 md LR sau:

~

2

V1,V2, 0 Vn V1,V2, 0 Vn V1,02, V)T
Aly) = (M), Migeresn) L M| (3.22)
Tuwong tu ¢6 vecto ham B(y)
§<y> _ []\4b(1/171/27...,1/n)7 MIS;/17I/27...7I/77,)7 . MIS:17I/27...71/77,)]T. (323>

3.5. Thié&t k& diéu khién vé&i cdu tric thay ddi cho mé hinh m& (2.6)

Qi st vecto sai s6 bam duoc xéc dinh theo:
€y = [€y1s €yny s €| (3.24)
hay:
ey =Yy — dy (3.25)
véi y va dy dugce biét qua (2.5) va (2.7) tuong ung.
Vecto sai s6 bdm md& duwoc dinh nghia nhu sau:

e=ysd=|e, e,.,e] (3.26)
~Y ~ ~Y ~Yr ~Y2 ~Yn

trong d6 d dwoc xem 13 tdp m& véi ham thuoce singleton va durroc hiéu 1a vecto quy dao bdm md.
~y
3.5.1. Xay dung ham chuyén m¢& (fuzzy switching function)
Goi S( e ) la ham chuyén m& duwoc chon nhur sau:

~ vy

S(e)=s510 € Bs2@ € B...Ps5, O € . (3.27)
~o~Y ~Y1 ~Y2 ~MYn

Luu ¥ rang cac hé s6 s; # 0, i = 1,2, ..., n duogc chon sao cho da thitc M(r) = r" +s,r" 14 ....+ 5

14 da thitc Hurwithz véi r 13 bién Laplace. Cé nghia 13 toan bo nghiém cia da thirc ndy ndm & bén

trai mat phing phitc. Ham chuyén mo S(e) cho gid tri s6 mo LR S( e ) x4c dinh trén tap nén Ig
~ ~ vy
déi véi tirng vecto sai s6 bdm m& e xac dinh trén tap nén Ie,.
~y
B8 dé 1. T ham chuyén mo (3.27) xdc dinh duoc ham chuyén
S(ey) = s1ey, + s0€y, + ...+ Sney,.. (3.2.7.a)

Chitng minh. Xét tap nén: Is = [Smin(e,) > Smax(e,) ]

Céc hé s6 sy, i = 1,2, ...,nduoc chon & (3.27) ddm bio cho H(e) 13 Hurwithz trén tap nén Is. Nhu
vay ton tai viing ham chuyén véi H(e) sao cho: Smin(e,) < S(ey) < Smax(e,)- Suy ra S(ey) thoa man
dang (3.27a) n
3.5.2. Xay dung mit chuyén m& (fuzzy switching surface)

. w ~ N N ~ ’ . ’ N ’ . ~ .
Goi mat chuyén mo Yo 13 tap hop céc vecto sai s6 bam md e dwoc xéc dinh trong khoéng gian
~ Ny
sai s6 bam sao cho:

S(e)=0 1a “khong m& ” dang s6 LR. (3.28)

~ T~y

C6 nghia la: Ys={e =yo d|S(e)=0} (3.29)

~y
B8 dé 2. T mat chuyén mo (3.28) wa (3.29) dan dén mat chuyén:

Yis = {ey =y —dy|S(ey) =0} (3.29a)
Chatng minh. T (3.28) va (3.29) dan dén s&: “Khong mo” dang LR véi ham thude sau day:
po(S(ey) —0) = 1.
Suy ra S(ey) = 0 va nhan duoc (3.29a). n
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N

3.5.3. Xay dung dao ham ciia ham chuyé&n m&

Goi S(e) la dao ham ciia ham chuyén mo S( e ) duge xdc dinh bing biéu thitc duéi day:
~ oy ~ oy
S(e)=510 ¢ Bs2® € B..Bs® € =510 € Bsa® € H...Bs, O € (3.30)
~ o~y ~Y1 ~Y2 ~MYn ~Y2 ~Ys3 ~MYn
vGi e = 1=1,2,...,n—1.

B8 dé 3. Tw dao ham cia ham chuyén me (3.30) xdc dinh duoc ham chuyén sau:

S(ey) = 516y, + 826y, + oot S0y, (3.30a)

Chibng minh. Xét tap nén: [I, — [Simin(e,)s Smax(e,)]-

T (3.30) nhan duoc: S(ey) C I

Luu ¥ ring §(Ney) 13 bién mo trén tap nén I

Nhur vay str dung céc hé s6 s;, i = 1,2,...,n da chon duoc & Bo dé 1, xay dung dwoc: S(ey) -
sao cho: S(ey) = 51 % €y, +S2 %€y, + ..t 5y % &y, VO s Z0va: H(r) =r"+ s, %r" 1+ ..+ 12
da thitc Hurwithz. Dat: ey, = ey,; €y, = €ya; €y, = €y,,, tir d6 nhan duoc (3.30). n

3.5.4. Xay dyng diéu kién dat dén md (fuzzy reaching condition)

Gid sir S ¢6 gid tri cu thé 1a mot s6 mo LR dic trung cho mot gia tri clia ham chuyén S(e,)
tren tap n\énNI s khi d6 S ¢b gid tri cu thé 14 mét s6 mo LR dic trung cho mét gid tri téc do thay
doi cia S(ey) trén tap n%n Is.

biéu kién dat dén mo duoc xdy dung nhu sau:

S(e)o §<fy> <0. (3.31)
B8 dé 4. Tw dicu kién dat dén mo (3.31), ddm bdo diéu kién dat dén:
S(ey)S(ey) < 0. (3.31a)

Chitng munh. Xét cic tap nén Ig va IS'
a. Khi I¢ C RT
Tir (3.31) suy ra I, cR™. K&t hop str dung Bo dé 1, nhan dugc: 0 < Spine,) < S(ey) < Smax(e,)

va, Smax(ey) < S(ey) < Smax(ey) < 0. Nhu vay suy ra (3.31a).
b. Khi Is C R, chtrng minh hoan toan twong tur, nhan duoc (3.31a). m

3.5.5. Thuat todn didu khién m¢& trong ché dd trugt me

Xéc dinh vecto sai s6 bam mor:
Buéc 1: Trén co s& qué trinh mo héa vecto trang théi y tir cdc trang thai x; véi tap nén I, bang
cdc s6 mo LR mé rong trong d6: I, = I, X I, X ... X I, 1a tap nén cla y va mo héa vecto quy
dao can bdm d,, c6 ham thuoc singleton két hop vé6i (3.26), (3.7) nhan duoc vecto gid tri sai s6 bam
m¢ dang vecto s6 m& LR sau day trén tap nén

I, =1L, xI

€y1 Cya

X ... x 1,

€yn?

(3.32)

M(l/l,l/g,...,l/n) _ [Mé/yl 7]\41/2 M ]T
1

€y Cya? T T eyl 7

Vi = Vimin, Yimin T 8, ..., Vimin + NeA = Vimax,
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M =M © gf 1=1,2,..,n (3.33)
(3
Nhu vay vecto sai s6 bam e, = [y, , €ys, ..., €5.]7 duroc diic trung béi HlNi vecto gié tri sai s6 bam
i=
mo (3.32).
Luw 4 Vecto sai s6 bam mo e mo tid bat ki vecto gid tri sai s6 bam md ME(Z“VZ"”’V") nao trong

~Y

n
Vi, Vo,...,V 7z . N A a
s6 II N; vecto Me(yl’ 20%n) w4e dinh ham chuyén mo.
i=1 :

Budc 2: Xay dung ving phi md trén tap nén Ig hay mién gid tri cia ham chuyén huéng S(e) bao
gom c4c s6 mo:
Mél/17l/27...7l/n) = 5 @Mé/yll DD sy O ]\4{;/;;7 (334)

Vi = Vimin, Vimin T A, oy Vimin + ViA = Vimax, 1= 1,2,...,n.

"
Nhu vay ham chuyén m& S( e ) mo td bat ky s6 md nao trong s6 HlNi s6 Mo Mé”“"Z"”"’") duoc
~ S~y i=
x4c dinh tai (3.34).

Buée 3: Chon truée dong hoc md cia ham chuyén mé.

Viéc diéu khién dong hoc clia hé m& trong qué trinh cia pha dat dén md, c6 thé sit dung ¥ tudng
chon truéc dong hoc clia ham chuyén nhu [10, 18]. Nhu vay twong tu nhu trueong hop 16 ¢ thé
chon déng hoc m& mong mudn cia ham chuyén mé nhur sau:

6; = —K © Sign(s), (3.35)

~

trong dé6 : K 14 s6 duong,

Sign(s) 1a duong mo vé1 S € Support(Mé"l"’2"""/")) nst,

Sign(s) la &m mo vé S € Support(Mé"l"/z"""/")) ns-,
véi ST va S 14 phan dwong va phan a&m cia tap nén Ig. Nhur vay gid st trén tap nén Is cé s6 mo
LR Mé”“"Z"”"’") diic trung cho ham chuyén m& S( e ), trén co s& (3.35) ¢é thé chon dong hoc mé

~ oy
cb gid tri 14 s6 m& LR d6i véi tirng s6 m LR cu thé nhu sau:
Mél/l,l/g,...,l/n) - K& Mél/1,l/2,...,l/n). (336)
d

B& dé 5. Dicu kién (3.36) ddm bdo dicu kién dat dén: S(ey) S(ey) < 0.
Chatng mnh. Xét cac tap nén Ig va IS'
Tir dieu kién (3.35), (3.36) suy ra khi Is C RT thi I, C R~ va nguoc lai. Nhu vay dam bao dieu
kién dat dén S(e,)S(e,) < 0. ]
Buéc 4: Xac dinh diéu khién mo.
Viéc chon truéc dong hoc mo trong ché do dat dén mé & bude 3 tao dieu kién cho viéc xac dinh luat
dieu khién mao.
Tir (3.30) néu thay ¢ bang biéu thitc sau:

~Yn
¢ —xod (3.37)
~NYn o~
nhan duoc:
S(e)=851® € B3O € B Bsn 10 € Doy O (x Ody) (3.38)
~ ~Y ~Y2 ~Ys3 ~Yn ~T
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Luat dieu khién m& duoc tinh todn sao cho dong hoc trong ché do dat dén mé mong mudn Sd duoc

xéc dinh & buée 3 ddm bao théa man (3.36). Nhu vay dong hoc S( e ) & biéu thirc trén (3.38) phai

~ T~y

duoc can bing véi dong hoc mong muén S( e ). Tir dé:
~ oy

S(e)=S(e) (3.39)

~ o~y ~d ~Y
Str dung bién déi s6 hoc mr [6], biéu thire (3.39) két hop véi (3.38) va cdc bidu thirc (3.1) — (3.4)
cho két qui sau day:

Sn—1

_ . 1 .
:Jc:d@—QS(e)@ﬂ@e@s—QQe@...@ © e (3.40)
~noen sy d vy Sy Yz Sy~ Sp | ~Un

Tir (3.1)—(3.4) déong hoc md duoc cho béi:

z =a(y)® bly)Ou (3.40a)

Can bang (3.40) va (3.40a), sau dé st dung céc phép bién d6i s6 hoc mo [6] nhan dwoc bién dieu
khién mor:

Sn—1

. 1 .
u=[—aodo—60502 0 co2oco.olo claby) (3.41)

~ ~n Sn ~d Sn ~Y2 Sn ~Y3 Sn ~Yn ~

(3
Nhu vy co s& luat diéu khién mo bao gbm HlNi luat diéu khién sau day:
i=
R(l/l,l/g,...,l/n)
U

IF @y is M2 and ... and @, is MY and § is MY )
THEN w is M2 ")

trong dé:

Mél/l,l/g,...,l/n) _

2 Sn—1

§ 1 1,1 %
[_M£I/17l/27...71/n) o do— @Mé’ 1,V2,0-Vn) Py 52 ® Mé/js o..0
d

~n Sn n Sn

o Mé/ynn] @Mlgl/17l/27...7l/n)7 <342>
Vi = Vimin, Virnin+A7~~~7Vimin+NiA:VimaX7 = 1727...771. (343)
Bude 5: Gidi mo tim diéu khién ré.

Stt dung phuong phdp gidi md trung binh trong s6 thong thurong (the weighted average defuzzifica-
tion)

Y1 max Yn max
: _— sup(.) min(.)

u(t) _ Y1=V1 min ”n*”‘f’z min ) (344)

min(.)
O day

sup(.) _ Supﬂg\l/}:uz,...ﬂ/n) _ uggll),l/g,...,l/n)7 (3443,)

u€el,
min(.) = min(M’J/VlIM (w1), ..., Mlj/vyjlxn<xn>7 MS\’/}:V%...,IH:)) (3.44b)

Luu ¥ rang ¢é thé xem biéu thitc (4.44a) 1a gia tri dau vao diéu khién sao cho dat duge mirc dd ham

V2,eesVn) (u>

thuoe 16n nhat trong s6 cac gid tri dieu khién twong tmg véi cdc ham thuoe Mé’“’

4. KHA NANG SU DUNG PAI SO GIA TU

"
Qua nhitng phan tich todn trén c6 thé xay dung HlNi ludt mo xudt phét tir cdc t6 hop dau
i—

vao mo trén cac tap nen I, nhu sau:
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R{ ") ugt tinh todn A(y)

~

IF y is My(l/l,l/g,...,l/n) _ [M’/l Mr2 7M9’c/:]T

21 ? X9 ?
THEN A(y7 f) is MX/17”27---7”77.) _ [Mogll/17l/27---ﬂ/n)7M£Z171/27---71/n)7 "'7MOEZ17’/27”.7V”)]T

R;’j§’/27...7’/n) . luat tinh todn §(y>

IF y is My ) — (M2, M2, ..., M2r]T

x1? x2?
THEN B( f) : M(Vl7’/27"'7’/n) . [M(l/l,l/z,...,l/n) M(l/l,l/g,...,l/n) M(l/l,l/g,...,l/n)]T
Y, 1s B - by 9 bo 9000 bn
RLY2 o) uat tinh todn mire do dieu khién

IF y is My(l/l,l/g,...,l/n) _ [M’/l Mr2 7M9’c/:]T

21 °? 227

THEN w is M7,

Nhu vay céc luat (3.24)—(3.26) doi héi khéi lwrong tinh todn khé 16n. Dé nang cao kha nang suy
luan va tinh todn cé thé sit dung dai s6 gia tir [19, 20] theo dinh huwéng nhu sau:
Buéde 1: Trude hét xay dung cdc phan hoach m& (fuzzy partition) trén céc tap nén:

Ly Iy I, Ip, L, Is, 1, 1, €6 duogc tir (3.24) — (3.26).

Budc 2 : Chon bo tham s6 tinh toidn ban dau trén phan hoach mé va 4p cic gia tir sao cho phit hop
véi céc phan doan A cia cédc phan hoach md& ¢6 tai budce 1.

Buéde 8 : Trén co sd cdc hé luat (3.24)—(3.26) tinh todn cdc ham dinh luwong ngir nghia lan luot cho
cdc phan hoach mo cia céc tap nén 1, I, 14, Ip, I, Is, IS7 L.

Buédc 4 : T6i wu héa bo tham s6 tinh todn.

Budc 5 : Trd lai buée 2 véi bo tham s6 t6i vu & buéce 4.

5. KET LUAN

Viéc mé& rong quan diém [1, 2] dwoc ho tro bang phuong tién tinh todn [6] véi s6 mo LR mé&
rong, cho phép xay dung va gidi quyét bai todn dieu khién hé phi tuyén véi bat dinh. Tinh md vira
c6 thé mo ta do phitc tap, vira ¢6 thé mo ta tinh bat dinh trong céc hé dong hoc.

Céch thiét ké diéu khién mo trong ché do truot mo 1 sur thir nghiém buée dau céc két qua [7,
22| trong tinh huéng mé hinh mo. Tuy nhién gidi phép trén doi hdi nhiéu tinh toin s6 hoc ma. Dé
nang cao kha ning suy luan mo, c¢é thé st dung phwong phap (19, 20) dai s6 gia tir trong mé hinh
suy ludn md. Trén co s& céc bo dé 1 — 5, bai todn da duoc gidi quyét ddm bdo cdc yéu cau 6n dinh
va bdm theo qu¥ dao cho truede mot cich téng quét.
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