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T OM TAT: Khi gidi bai todn suy lugn xa'p xi dugc cho boi hé ludt ngon ngir (LRBS - Linguistic Rule Base System) theo tiép cdn dai
56 gia tir (HA - Hedge Algebras), ta c6 thé thue hién bang mot phuong phdp noi suy ndo do. Phuong phdp ni suy can phai dam bao
tinh diing din vé moi quan hé bién thién gitta dau ra véi cic dau vao. Trong bai bao nay, ching toi trinh bay vé mét dé xudt ph wong
phap néi suy dam bdo tinh diing dén néi trén. PG la ndi suy dwa trén trong sé khodng cdch ngit nghia ciia cdc gid tri ngit nghia dau
vdo doi véi gid tri ngit nghia ciia cdc hang tir trong ménh aé diéu kién cia ludt. Trong vector gid tri ngir nghia ddu vao, véi moi
thanh phan ta xdc dinh trong s6 khoang cdch ciia né t6i gid tri ngir nghia cua hang tir ngén ngit twong ung xudt hién trong ludt. Gid
tri trong s6 khodng cdch nay duwgc sit dung dé két nhdp thanh gid tri dau ra. Véi @é xudt ndy, ching t6i da tién hanh thiét ké bé diéu
khién dai s6 gia tir cho doi twong 1a 16 dién tré. Ngodi ra, chimg t6i con sir dung gidi thudt di truyén (GA - Genetic Algorithm) dé t6i
uu cdc tham $6 tinh mo ciia b diéu khién. Céc két qua mé phong cho thdy bg diéu khién lam viéc 1ot theo cdc yéu cau chi tiéu vé
diéu khién.

Tir khéa: Pai sé gia tir, suy lugn xap x7, ngi suy tuyén tinh, gidgi thudt di truyén, diéu khién mo.

I. GIOI THIEU

Trong nhitng ndm gan day, 1y thuyét HA [1], [2] d4 dugc ung dung dé giai quyét cic bai toan trong nhiéu linh
vuc khac nhau. Trong d6 phai ké dén linh vuc diéu khién [3]-[8]. Theo tiép can HA, viéc thiét ké bo suy luan xap xi
lam viéc nhu mot bo diéu khién ma quy tic diéu khién dugc cho boi LRBS c6 nhiéu loi diém [9]. Cach biéu dién tri
thirc bang “siéu mat” thuc trong khong gian ngir nghia phan 4nh dung dan LRBS, ma trong d6 yéu td quan trong 1a thir
tu ngr nghia cua cdc gid tri ngdn nglr dugc bao toan. Giai bai toan suy ludn chi boi phuong phap noi suy trén “siéu
mat” nay [7]. Trong s6 khong nhiéu cac phuong phap noi suy, chung déu c6 sb lwong phép tinh 1a it. D6 la mot loi
diém quan trong ddi voi cac hé théng doi hoi dap ung thoi gian thyc (real -time) nhu hé thong trong [7]. Trong ciu tric
cua bo suy ludn khong co nhiéu tham sé anh huéng, d6 13 cac tham s tinh mo cua cac HA nén thuan loi cho viée chinh
dinh, t6i uu.

Xét mot hé luat didu khién dang MISO duoc cho bi LRBS:

If xl = A11 and XZ = A21 and xm = Aml then y = B1
If xl = A12 and XZ = A22 and xm = AmZ then y = B2 )
1

If xl = Aln and xz = Azn and Xm = Amn then y = Bp

Vé6i Xy, X5,..., X V& Y 14 céc bién ngdn ngit, mdi bién ngdn ngir X thugc khong gian nén Uj va bién ngdn
ngir Y thuge khong glan nén v; Aij, B; (i=1..m,j = 1..n) la cac gia tri ngdn ngit thuoc khong gian nén twong tng.
Theo tiép can 1y thuyét HA, ta xdy dung cau traic HA cho cac bién ngon ngit va sir dung ham ngit nghia dinh lugng
SQMs [10] dé chuyén cac gia tri ngdn ngfr trong luat thanh gi4 tri ngit nghia ctia chiing, ta nhan dugc QRBS. Biéu dién
QRBS bang mot “siéu mat” thuc S™+! trong khong gian ngir nghia [0,1]™*. Khi d0, co thé xem “siéu mat” thuc

S™+L nay nhu 1a biéu dién toan hoc ciia LRBS.

LRBS
’ JVLSQMS
Xo1 € U1 5
m+1 y ev
Xo2 € Uz =>Normalization QRBS (Sreal Denormalization —>
Xom € Uy ﬂ

IRMd

Hinh 1. So dd b suy luan xap xi theo tiép can HA
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Cho cac dau vao thyc thude khong gian nén twong tmg, 1a cac gia tri dau vao ctia bo didu khién xoq, Xz, -.. » Xom.
st dung phép Normalization cac gia tri d6 vé mién gia tri cia HA dugc Xg1s, X2ss - » Xoms tuong ung. Thuc hién giai
bai toan suy luan xép xi bang phuong phap noi suy trén Sr";;ll Gia tri ni suy nhén ducc trong mién [0 1] la gla tri ngt
nghia dinh luong cua bién ngon ngir dau ra Y duoc chuyén vé mién bién thién thuc (khdng gian nén cua bién Y) cua
gia trj diéu khién & dau ra bang phép Denormalization.

So dd cta bo suy luan x4p xi theo tiép can HA dugc moé ta nhu trén Hinh 1. Trong do:

LRBS: Hé co s6 luat ngdn ngit cta bo diéu khién.
QRBS: H¢ c& sé luat theo ngit nghia dinh lugng cia cac gié tri ngén nglr duoc tinh toan boi ham anh xa SQM
(twong tng s& 1a STUHL).
e Normalization: chuin hoa gia tri ciia cic bién vao vé mién ngit nghia.
IRMd (Interpolation Reasomng Method) Phuorng phap noi suy tren ‘siéu mat” STAL,
Denormalization: chuyén dbi gia trj diéu khién ngu nghia vé mién gié tri bién thién thuc cia bién dau ra.

Trén so d6 Hinh 1, viéc lya chon mot IRMd 1a vén d& quan trong, n6 ¢ anh hudng 16n t6i két qua dau ra cua bd
suy luan. Phuong phap ndi suy dugc lya chon can dam bao moi quan hé bién thién gitra dau ra véi cac dau vao.

Trong c&c nghién ctru trude ddy, cac tac gia co thé sir dung phép ‘product” thay cho phep “and” trong luat dé
két nhap m dau vao thanh 1 dau vao duy nhét [11], [12]. M6t cach khac c¢6 thé két nhap cac ddu vao d6 1a st dung phép
két nhap theo trong s6 [13]-[15]. Khi d6, mat ST+ s& duge chuyen thanh duong C2,,; trong khong gian 2 chiéu, gitp
cho viéc nodi suy 1a don gian hon. Tuy nhién, viéc két nhap c6 thé giy mat mat thong tin. Puong cong CLgy S8 khong
con mo ta day du ngtr nghia cua LRBS ban dau, tham chi c6 thé gay nén sy mau thuan gitra cac luat, lam cho két qua
suy luan thiéu dung dan. Noi suy tryc tiép trén mat ngir nghia [16], [17], [18] hodc st dung phuong phéap ndi suy tuyén
tinh 2 chiéu (bi-linear interpolation) [19], [20] la mot giai phap t6t dé khic phuc nhuge diém cta két nhap néi trén.
Mac du vay, han ché vin con ton tai d6 1a phuong phap nay chi tinh toan dugc trong truong hop 1a noi suy. Khi gia tri
dau vao ndm ngoai ving khong gian ctia Sreal , tinh toan gia tri theo cong thirc ndi suy tuyén tinh 2 chiéu s& tr¢ thanh
ngoai suy. Qua phén tich, ching t6i nhan thay rang trong truong ngoai suy, gia tri tinh toan khong dam bao mdi quan
hé bién thién giita dau ra v6i cac dau vao theo LRBS.

Gia sir ta c6 QRBS clia mot bo didu khién dai sb gia tir duge cho nhu trén Bang 1. Mat ngit nghia S3,,; tuong
ung nhu trén Hinh 2a.

Bang 1. QRBS cua b diéu khién

¢ 1 0.000 0.125 0.375 (¥50,) | 0.500 0.625 0.875 1.000

€ (V1ce)

0.000

0.125 (v,,) 4= 0.125 | u;,=0.125 | 0.250 0.375 0.500

0.375 (v5,) U= 0125 | 1,,=0.250 | 0.375 0.500 0.625

0.500 0.250 0.375 0.500 0.625 0.750

0.625 0.375 0.500 0.625 0.750 0.875

0.875 0.500 0.625 0.750 0.875 0.875

1.000

Trong do: Gia tr1 ngir nghia cta cac bién vao e,ce = {0.125,0.375,0.5,0.625,0.875}. Gia tri ngit nghia cta
bién dau ra u mg v&i mdi luat 1 cac 6 trong bang.

Tir QRBS trong Bang 1, ta nhan thay rang thanh sy bién thién cua phan dau ra u 1a “dong bién” theo cac thanh
phan dau vao e va ce. Ving céc 6 khong co gia tri trong Bang 1 14 thiéu tri thic tir hé luat (e, ce < 0.125 hoic
e,ce > 0.875). Vi cac gia tri ngir nghia & dau vao thudc mién nay, gia tri suy luin phai duoc tinh toan tir cac gia tri tri
thirc khac trong bang. Trong truong hop do, tinh toan theo phuong phap noi suy tuyén tinh 2 chiéu trd thanh ngoai suy.
Gia sir c6 vector dau vao v;(e; = 0.1,ce; = 0.1) < v,(e, = 0.125,ce, = 0.125). Theo quy luat bién thién “ddng
bién” cua bang ludt thi ta phai c6 ddu ra u; < u,. Tuy nhién, tinh toan theo cong thirc ndi suy thi:

e Vi vector dau vao vy, cac budce ndi suy dugc tinh toan nhu sau (Hinh 2b):
+ Bl tl = ull + (e1- vle)(u21 v11) ull = O 125

V2e—Vie
+ B2ty = uy, + ezt 455y (0170125)(025°0125) _ ) 1495
(v2e—v1e) (0.375-0.125)
+ B3y =t + Eateedlemt) _ g 955y 0170129)01125°0125) _ 5 19495
(V2ce—Vice) (0.375-0.125)

e Véi vector diu vao V,, cac budc ndi suy dugce tinh toan twong tu ta nhan dugc u, = 0.125.

Thiy ring (u; = 0.12625) > (u, = 0.125). Diéu d6 cho thdy phuong phap ndi suy tuyén tinh 2 chiéu khong
dam bao moi quan hé bién thién gifra dau ra vdi cac dau vao trong trudong hop tinh toan 1a ngoai suy. Gia tri suy ludn
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mét di sy dung ddn & mot s6 ving trén mat quan hé vao/ra. Dé khic phuc van dé nay, ching t6i dé xuat phwong phap
noi suy dua trén trong ) khoang cach ngir nghia cua cac gia tri déu vao so voi gid tri ngir nghia cua cac hang tr ngén
ngit xuét hién trong luat. Ap dung dé xuat cho bo diéu khién dai s6 gia tir voi dbi tugng lo dién tro. Két qua md phong
cho thay bo diéu khién dai s6 gia tir lam viéc t6t theo cac yéu cau chi tiéu vé diéu khién.

.

0.5

-

0 0 e

a) Mit ngit nghia S3,,; twong ting Béng 1 b) Ngoai suy voi dau vao v, (e; = 0.1,ce; = 0.1)
Hinh 2. Mat ngir nghia va tinh toan ngoai suy

I1. NOI SUY DUA TREN TRONG SO KHOANG CACH NGU NGHIA

Trong phan nay, chung tdi trinh bay mot dé xuét vé phuong phap ndi suy dua trén trong s6 khoang cach ngit
nghia clia cc gia tri dau vao so voi gia tri ngit nghia ctia cac hang tir xuét hién trong luat.

Xuit _phat tr quan diém thuc té 1a v6i mdi ludt ngdn ngt, két luan dau ra (gia tri cua ménh dé két luén) chi phu
thudc vao dau vao (do tin cdy ciia ménh dé diéu kién). Trén mién gia tri ngit nghia, ta gia thiét rang voi mdi gia tri ngir
nghia du vao, n6 chi xac dinh mot mirc d6 thoa man cho cac ménh d& diéu kién ma co gia tri ngir nghia 1 cén trén va
can dudi ciia khoang ngit nghia chira n6. Trén Hinh 3 mé ta sy phan b gid tri ngit nghia ciia cac hang tir ngdn ngir
Xi, X, ., Xp, Xy thugC bién ngon ngit X.

bién X
O O L L L 0>
0 1

v(x;) Xo V(xj) v(x) v (Xm)

Hinh 3. Du vao x, xdc dinh mirc do thoa man ciia cac ménh @€ diéu kién chira v(x;), v(x;)

Quan sat trén Hinh 3, ta thdy rang tai gia tri ngit nghia dau vao x, nam trong khoang tir v(x;) dén v(xj), do 1a
nhitng gi tri ngit nghia gin vdi x, nhat. Nhu vay chi c6 cAc ménh dé x = x; va x = x; 1a duge xac dinh mot mirc d6
thoa man. MGi ménh d& s& c6 mirc 6 thoa mdn 0 < w <1. Céc gi tri ngit nghia & dau vao cua luat ngir nghia cang
gin véi gia tri ngit nghia ctia hang tir 'ngbn nglr trong ménh dé diéu kién thi mic do thoa man ciia ménh dé cang 16n. Ta
goi mirc d6 thoa man nay 1a “trong s6” ctia ménh dé.

Goi d = |x, — v(x;)| 14 khoang cach ngit nghia tir gia tri x, t6i v(x;). d cang nho thi x, cang gan v(x;), trong
s6 ctia ménh dé x = x; cang lon. Khi d = 0 thi w = 1. Luét c6 w cang 16n thi két ludn dau ra cang lon.

Pinh nghia 1: Ham trong s6 khoang cach ngit nghia ciia ménh dé, w;, wj: xoe[v(xi), v(x]-)] - [0,1]: Cho x, la
mot gia tri nglt nghia,

1) xoe[v(xi), v(xj)], trong s6 khoang cach ngir nghia cua ménh dé x = x; la:

wi =1 — |xo — v(x)I/|v(x) — v(x)] 2)
va clia ménh dé x = x; la:

w;=1- |x0 — v(xj)|/|v(xj) — v(xl-)| 3)

2) x0€[0,v(x;)], trong s6 khoang cach ngir nghia cia ménh dé x = x; la:

w; =1— |xg — v(x)I/(v(x)) 4)
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3) x0€[v(x;), 1], trong sé khoang cach ngit nghia ciia ménh dé x = x; Ia:

wy = 1= o = v()l/ (1= () 5

Gia tri ngir nghia dau ra cua luat s& duoc tinh theo y = W, * v(yj), trong do W;. 1a trong sO cua luat hay 1a murc
d6 thoa man cua vé trai luat.

Vé6i luat SISO: If x = x; theny = y;

Tur gid tri ngir nghia x, cla bién dau vao, ta tinh duoc trong s6 w;, thé hién mirc d6 thoa man ciia ménh dé (voi
luat don mé¢nh dé di€u ki¢n thi d6 chinh la trong so W). Pauray = w; = v(y;).

wo =1 |xg — v (x;)| 1 |x0 — v(xj)|
i=l-— w=1-—2
bién X v(x) —vG)| ™ [v(x;) — v(x)]
(o, & * O o>
0 1
v(x;) X v(x;)

Hinh 4. Muc d¢ thoa man w;, w; tuong ung cua ménh déx = X, X = Xj

Véi luat MISO: If xq = xq; and x; = xp; ... and X, = Xy then y = y;
Tir vector dau vao (xoq, Xog) - xOm) ta tinh duogc vector trong sO (Wl, Wy, .. ., Wy,) (Hinh 5). Véi quan diém 1a

két luan dau ra khong vuot qua dicu klen dau vao (hay trong s6 cia ménh dé két 1uan khong 16n hon trong so cua cac
ménh dé didu kién). Vay ta c6 thé:

e  Sur dung phép and = min, ta c6 W, = min(wy, w,, ..., w,,) hodc
e  Surdung phép and = prod, ta cd W, = (wy * wy * ... % wy,).
X Wy
bién X; -@ o o>
v(x1:) Wo1 v(x15) bién Y
w, = min(wy, Wy ...Wp,) R o ”
W, = (W * Wy * ...% Wy,) >y =W, xv(y;)
7 Wn
bién X, -@— —0 O0—>
v(xmi) Wom v(xmj)

Hinh 5. Sy thyc hién suy luan luat MISO

Khi ¢6 nhiéu luit c6 d6 thoa man 16n hon 0, dau ra y* duogc tinh theo:

(er*Y1+W2r*YZ+"'Wnr*Yn) 5
W1r+W2r+"'+Wnr )

Trong trudng hop QRBS gdm 2 thanh phan dau vao, 1 thanh phan dau ra dugc biéu dién bing mit S7,,;. Tinh
toan ndi/ngoai suy dua trén trong s6 khoang cach ngir nghia dugc minh hoa nhu trén Hinh 6.

*

Truong hgp nhu trén Hinh 6a 13 trudng hop ndi suy:

Dt s = (e; —ey)(ce;

W(H)(
ve= (=i
(22
W22=<1 Z:D(l

— cey)

(cep — cey) _ (e; — e)(ce; — ceg) _
(cey — Ce1)> B (e2 — eq)(cey — cey)
(cep — Ce1)> _ —e;)(ce; — cep) _
(ce, — ceq) B —ey)(ce, —ceq)
(ce; — Ceo)) _ — eg) (ceg — cey) _
(ce; — ceq) —ey) (ce; — ceq)
(ce; — cep) _ —ey) (ceg — cey) _
(ce, — Ce1)> - —e;) (ce; — ceq)

_Su
s
_ S
s
Sa1
S
_52
s
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_ Wigugy + Wipugy + Woitpy + Wopltyy,  S1qUpy + S1aUin + S21Upp + SooUs

e  Trudng hgp nhu trén Hinh 6b:
batS = (e, —ey)ce;

We.=(1- (e —e1) 1- (ce; — cey) _ (e2 —eg)cey _ &
t (e —ey) cey (e; —eg)ce; S
W =(1— (e; —ep) 1— (ce; — cey) _ (eo — e1)ceq _ &
12 (e —ey) cey (e; —ep)ce; S

_ Wiugy + Wiy, Siqugg + Sipts

Wi + Wi S11+ 512
A Ce A Ce
1 1 1 1 1 1
Uz1 1 Uz2 Uz 1 Uz2
cegdmmmm o ____ Q- ceod----@------ R 9 -
| I I 1
| 1 1 1
| 1 1 1
| 1 1 1
Si2 S11 I ! ! 1
| I I 1
| I I 1
| 1 1 1
| 1 1 1
u | 1 | 1
Cepqd===== 1 . - 1 1 1
| | 1 1 1
| | 1 1 1
| | 1 1 1
I S22 S21 | 1 1 |
I | 1 1 |
| | u 2 1 u11 1 1 u 2
Clid = = = = = (o708 IR Wt L S e - - =
1 9 | | 2 1 \ g . L g
1 1 1 1 1 u |
1 1 1 cepgt----- ' .- - - 4=
1 1 1 [ I
1 1 1 e | Si2 S11 | e
0 ' ' r > 0 ' . T >
A Ce e; €o e, AcCe e €o e,
1 a) 1 ! b) !
Uz1 Uz2 Uz Uz2
A _____ 2z B P N z
ce; | .’. ce, . ‘. ’.
o 1 11 1
o 1 L 1
o 1 11 1
o 1 11 1
S, 1 1! 1
Lh 1 11 1
o 1 11 1
o 1 L 1
o 1 11 1
| u 1 [ 1
ceq - QO -1---——— = - -—- ' 1
[ 1 11 1
o 1 11 1
o 1 L 1
521 [ 1 [ 1
o 1 11 1
| 1 1 [ 1
Ui Ug2 U1 Uqyp
ceq L = (o022 PSR NV W =
qre ¢ cal-——ie ¢
[ 1 CepTon@® U - ——mmm e e — - ---
1o 1 1ol 1
[N 1 Sqafr ! 1
1 1 1 € [ 1 €
0 T T T ; 0 LI T )
€ e; C) () €peq d) e,

Hinh 6. Noi/ngoai suy trén S2,,; dua trén trong s6 khoang cach ngit nghia

e  Trudng hgp nhu trén Hinh 6c¢:
bat S = e, (ce, — cey)

_eg(ce; —cep) Si1

(e, — eo)) (1 _
€1

(ceq — ce1)>

Wy, =(1-
1 ( (ce, — cey)

"~ e (ce,—ce)) S
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W,y = (1 _ (ele_—%)> (1 _ (ce; — Ceo)) _ eq(cey — cey) _ Sz
1

(ce;, — ceq) e;(ce, —cey) S
_ Wigugg + Woitlyy S1uag + Spqup
Wii + Wa S11t 521

e  Trudng hop nhu trén Hinh 6d:
batS = e ceq

Wy, = <1 B w> <1  (cey - ce0)> _ €ty _ Siy

e, ceq eice; S
u = Wiiuyg  SpqUpn u
= = = U1
Wiy S11

Tro lai bai toan voi QRBS nhu trong Bang 1 va cic vector dau vao v;(e; = 0.1,ce; = 0.1) < v,(e, =
0.125, ce, = 0.125). Sir dung phép prod cho phép and, ta tinh todn gia tri ndi suy trén trong so khoang cach ngir nghia.

e Vi vector ddu vao v, cac bude ndi suy duoc tinh todn nhu sau:
. 0.1-0.125
+  Ap dung (4): wy, = wy,, =1 -2 =08
[0.125]
T W =wye * Wy = 0.64
X 0.64%0.125
+ Piuray =-"—==10.125
) 0.64
e  Voéi vector dau vao v,:
; N 10.125-0.125|
+ . = = _ =
Ap dl.lng (2) va (3) Wae Wace 1 [0.375-0.125|
10.125-0.375|

+ =
10.375-0.125]

T W =wye kW =1

+  Déu ra tinh theo (6) y* =

W3ze = W3ce = 1-

_ 1x0.125

= 0.125

I11. BAI TOAN UNG DUNG
A. Gidi thigu vé 1o nhi¢t dién tré

Thiét bi gia nhiét 1a mot ddi tugng duoc st dung rong rii trong ca cong nghiép, y té va dan dung. Trong cong
nghiép thuong dé nung nhiét luyén, niu chay kim loai mau va hop kim loai mau. Cac 10 céng nghiép thudng str dung
day nung kim loai. Trong céc linh vyc khic nhu y té hay dan dung tap trung chii yéu vao cac 10 sdy. Nhiét do 1a dai
luong can duoc diéu chinh. Viéc diéu khién hay khéng ché nhiét d6 10 thudng dugce thuc hién qua khéng ché cong suét
10 bang cach diéu khién ngudn dién cung cip.

. )gét 10 nhiét dién tré c6 cong suit P = 1 KW. Thanh nung SiC, véi pham vi nhiét 46 25 — ,250"C~. Lo c6 ham
truyén gan dang (nhan dugc thong qua qua trinh nhan dang doi tugng) 1a mot khau quan tinh bac nhat co tre:

—Ts

1+Ts 7

W(s)=K
Trong do:
K = 10°C - Hé sb khuéch dai.
T = 1300 s - Hang s thoi gian (gidy).
7 = 30 s - Thoi gian tré (gidy).
10e~30s

W(s)= —
() = 1513005 8)

B. Thiét ké by diéu khién dai sé gia tiv

Trong phan nay, chang t6i ap dung dé xuit moi vé phuong phap néi suy dua trén trong sd khoang cach ngix
nghia da duoc trinh bay trong phan 2. Pbi tuong dugc diéu khién 1a 16 nhiét dién tro. Bo diéu khién & day chinh la bo
suy luan xap xi theo tiép can dai s6 gia tir ma quy tac didu khién dugc cho bai LRBS. Céu tric cta b didu khién duoc
thé hién nhu trén Hinh 1. Cac budce thiét ké bo diéu khién duoc thue hién nhu sau:
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Bude 1: Xac dinh cac bién vao/ra, mién bién thién ctia ching va h¢ luat didu khién véi cac hang tir ngon ngit
trong HA. Ttr LRBS, ta xac dinh dugc cac bién vao/ra va mién bién thién cua chung dugc xac dinh qua khao sat nhu
sau:

e Déu vao bo diéu khién c6 02 bién la:
+ e (error) - sai léch diéu khién, bién thién trong khoang [—eqx, +emax] = [—4, 4].
+ ce (change error) - cho biét téc do bién thién cua e. Bién thién trong khoang [—ceqay, +Clmax] =
[-50,50]
e Daurabo diéu khién 1a dai luong diéu khién u dé diéu khién dién 4p ciia ngudn dién, bién thién trong khoang
[—Umaxs FUmax] = [—4.5,4.5].

Vi mbi bién ‘ngdn ngdn ngit, trong thuce té nguoi thiét ké thuong chon s lugng tir 5-7 gia tri ngdn ngir. Néu it
hon 3 gia tri, viéc dién ta do 16n cta bién 1a kha “tho”. Néu sir dung nhiéu hon 7 gia tri, do “min” 1a tot nhung véi sd
luong 16n gia tri ngdn ngir, viéc xay dung hé luat trd nén kha phirc tap. D4i bai toan diéu khién cu thé trong bai bao
nay, chung t6i lya chon 5 gia tri ngdn ngir cho cac bién vao va 7 gia tri ngdn ngir cho bién ra nhu sau:

e,ce ={UN<IN<ZE<LP<VP}u={VN<N<LN<ZE <LP<P<LP}
Trong do:
VN = Very Negative, LN = Little Negative, ZE = Zero, LP = Little Positive, ...

Xay dung hé luat diéu khién 13 phin viéc quan trong va kho khén trong qua trinh thiét k& bo diéu khién. Bé diéu
khién 1am viéc c6 dhang dén hay khong phu thude chu yéu vao hé luét. Dé co duoc cac luat diéu khién dang dén, chling
ta cAn thu thap tir nhiéu ngudn tri thirc khac nhau. Cac tri thirc d6 chu yéu dwa vao kinh nghiém mang tinh chuyén gia
clia ngudi van hanh hé thdng, su hiéu biét vé hé thong.

Vé6i mdi bién vao e, ce gdm 5 gié tri ngdn ngtr, vay t6i da ta co 5 x 5 = 25 luat, dugc dién ta dudi dang mot
bang. Toa do (hang, cot) xac dinh cac ménh dé diéu kién cua luat, 6 tuong Umg trong bang la ménh dé két luan cua luat.
Tai nhiing 6 ma khong xac dinh dugc ménh dé két luan, thé hién rang thiéu tri thirc luat. Mot bang luat day du gia tri
trong cac 6 tuong rng v4i mot hé luat dﬁy du. Dya trén kinh nghiém xay dung h¢ luat, nguoi ta téng két thanh mot vai
k¥ thuat khac nhau. Chéng han, chi can xay dung mot hé luat vaoi ) lugng luat du dé hé théng lam viéc duoc, tir do
tinh chinh, b6 sung dé duge mot hé luat dﬁy da va dung dén.

Dbi véi mot 16p ddi twong diéu khién, thudng ching c6 mot hé luat dic trung giéng nhau. Theo kinh nghiém va
su hiéu biét vé hé théng, chung t6i da xay dung dugc hé luat diéu khién 1a mot LRBS duoc cho trong Bang 2. pé tang
“d6 min” diéu khién, ta c6 thé xay dung hé luat voi s6 luat nhiéu hon, khi d6 ta phai ting ) lwong gia tri ngdn ngir cho
c4c bién dau vao (va co thé ca bién dau ra).

Bang 2. LRBS cua bo diéu khién

. ce VN LN ZE LP VP
VN VN VN N LN ZE
LN VN N LN ZE LP
ZE N LN ZE LP P
LP LN ZE LP P VP
VP ZE LP P VP VP

Céc luat trong bang dugc hiéu nhu sau:
Ife=VNandce=VNthenu=VN;Ife=VNandce =LN thenu =VN,
Ife=VNandce =ZE thenu = N;Ife =VN and ce = LP then u = ZE,

Bude 2: Lya chon cdu trac cac AX;, (i = 1,..,m) va AY cho cac bién X; va Y. Xac dinh tham sb tinh mo cua

c4c phan tir sinh va cac gia tir.
e Tapphantusinh G = {N < P}; Tap cac gia tir dugc chon: H~ = {L}va H* = {V}.
e Theo cau tric HA cho céc bién duoc xay dung nhu trén thi ta can lya chon do do tinh mo ctia phan tir sinh am
fm(c™)=fmWN) (fm(c)=1—fm(c)=fmP)=1- fm(N)) va d6 do tinh mo cua gia to am
a=u(L) (B =ulV)=1-a). Cac tham s6 md dugc chon ban dau theo true gidac nhu trong Bang 3.

Bing 3. Tham s tinh mo cia cac HA

e ce u
fm(N) 05 0.5 0.5244
= u(L) 05 0.5 05
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e D4u caa phan tu sinh, gia tir va mbi quan hé diu gitra cac gia tir duoc xac dinh dua trén ban chit ngit nghia
cua cac hang tir ngdn ngir. Vi dy, ta c6 sgn(N) = —1, sgn(P) = 1, sgn(L) = —1, sgn(V) = 1. Ngoai ra,
xét thay rang:

VVN < VN < N = sign(V,V) = +1; VLN > LN > N => sign(V,L) = +1
VN < LVN < N => sign(L,V) = —=1; LN > LLN > N => sign(L,L) = —
sign(VN) = sign(V) * sign(N) = —1; sign(VP) = sign(V) * sign(P) =
sign(LN) = sign(L) = sign(N) = +1; sign(LP) = sign(L) * sign(P) = —1

Téng két cac truong hop, ta nhan dwgc mdi quan hé diu nhu trong Bang 4.

Bing 4. Mbi quan hé déu

L

N

+

+

Buwére 3: Tinh toan gid tri nglt nghia dinh lugng cho cac nhan ngdn ngit trong hé luat. Xay dung méit quan hé
vao/ra trong khong gian ngit nghia S2,;.

Véi cac tham s6 mo dugce lya chon nhu trong Bang 3 va mdi quan hé dau gitra cac gia tir, giita cac gia tir véi cac
phan ttr sinh nhu trong Bang 4, sir dung ham ngir nghia dinh lugng SQMs [10], ta tinh toan dugc gia tri dinh lugng nglr

nghia ctia cac hang tir ngén ngilt trong bang ludt, ta nhan dugc Bang 5.

Bang 5. QRBS cua bo diéu khién

. ce 0.125 0.375 0.5000 0.625 0.875
0.125 0.1311 0.1311 0.2622 0.3933 0.5244
0.375 0.1311 0.2622 0.3933 0.5244 0.6433
0.500 0.2622 0.3933 0.5244 0.6433 0.7622
0.625 0.3933 0.5244 0.6433 0.7622 0.8811
0.875 0.5244 0.6433 0.7622 08811 | 08811

0

0

Hinh 7. Mit quan hé vao ra S3,,; trong khéng gian ngit nghia

Hinh 7 la S3,,, tuong Ung vdi cdc gia tri nglr nghia trong Bang 5. D6 chinh la m6 hinh toan hoc biéu dién mdi
quan hé vao/ra cta bo diéu khién.

Budce 4: Lya chon phuong phap ndi suy: Khi thyc hién m6 phong, dé so sanh ching t6i tién hanh trén ca
phuong phap ndi suy tuyén tinh 2 chiéu va ndi suy dya trén trong s6 khoang cach ngit nghia. Hinh 8 1& md hinh mo
phong hé thong trén méi truong Matlab/Simulink.

numi s,
HAC (s) > D%{ R ]
J—» 1300s+1
Timer du/dt Level-2 M-file Transfer Fend Transport Scope
Derivative2 S-Function Gain3 Delay4

'K"‘—

Hinh 8. M6 hinh mo phong hé thong
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C. Toi wu hod tham so

Dé giai bai toan tbi wu, trong nhitng nim gan day nhiéu nha khoa hoc thudng sir dung cac thuat toan tién hoa.
D6 1a cac thuat toan tdi wu thong minh phong theo cac co ché sinh hoc nhu GA, thuat toan t6i wu bay dan (PSO -
Particle Swarm Optimization),... Trong nghién ctru nay, ching t6i st dung GA - mot trong nhitng thuat toan tdi wu
thuong duoc cac nha khoa hoc sir dung gan day.

GA 1a phuong thirc tim kiém t6i wu dya trén co ché chon loc ty nhién, md phong lai qua trinh tién hoa bao gdom
di truyén va tién hoa [21], [22]. Mbi 10i giai 1a mot ca thé s& dwoc chon loc sao cho né thich nghi duge voi qua trinh
chon loc tu nhién (theo nghia 1a tot nhat). Su thich nghi ciia ca thé dugc danh gia thong qua ciu trac chudi gen ciia nd.
Céc phép lai ghép va dot bién ciia qua trinh tién hoa dugc thuc hién mot cach ngiu nhién dé trao doi thong tin vé cau
trac chudi gen. Su thich nghi ciia cac ca thé trong thé hé sau da ké thira duoc cac thong tin trong qua khtr ctia thé hé
truge dé dinh hudng cho diém tim kiém méi. Thong qua qué trinh tién hoa 1au dai, cac thé hé sau s& c¢6 ciu triic chudi
gen tiém can dén 161 giai cua bai toan. Nhu vay, muc tiéu cia GA 1a chi dua ra phuong an tuong ddi ti wu chu khong
phai 1 phuong 4n chinh xac tbi vu.

V6i bai toén cu thé trong bai bao nay, tuy thudc vao mie do sai léch cua thanh phan e so vai gié tri Zero va téc
dd bién thién sai léch ce cua n6 ma bo didu khién tinh toan gia tri dau ra u pht hop. Mién bién thién cua e va ce 1a dbi
xang qua Zero. Khi chuan hoa mién bién thién vé mién ngir nghia, gia tri Zero s& twong tng véi 0.5 1a diém chinh gitra
ciia mién [0,1]. Trong LRBS ta c6 luat “if e = ZE and ce = ZE thenu = ZE”. Vi vdy, can chon gié tri ngir nghia
dinh lugng cua phan tir Zero 12 v(ZE) = v(W, o) = fm(Ne.) = 0.5. Do dac tinh ciia h¢ théng, ké ca khi e,ce = 0
thi van can mot lugng diéu khién u dé dam bao duy tri nhiét do tai gié tri hién tai can on dinh, khir sai léch tinh. Thong
qua khao sat va tinh toan, gié tri can chon cho v(W,) = fm(N,,) = 0.5244. Vi vay chiing ta chi can t6i vu do do tinh
mo cla céc gia tir. Chung ta ¢6 3 DSGT cho 3 bién vao/ra. Vi mdi DSGT, ta tdi vu mot tham s6 1a d6 do tinh mo cua
giatr am a = u(L) (d6 do tinh mo cta gia te duong 8 = u(V) =1 — a).

Trong moéi treong Matlab, GA da dugc tich hgp nhu mdt cong cu gitp ching ta ch‘i Viéq st dungﬂ mot cach hiéu
qua. Trong nghién clru nay, chung tdi str dung ham ga(...) trong Matlab v6i ma hod gen bang so thuc kiéu double. Cac
gia tri thiét 1ap cho GA gom: Kich thude quan thé, PopulationSize = 200; s6 thé hé, Generation = 600.

Ham muc tiéu duogc sir dung cho t6i wu 14 biéu thirc danh gia chi tiéu chit luong diéu khién ISE (Integrated of
The Square of the Error):

+oo
fitness;sp = f e?(t)dt 9)
0
Chuyén sang tinh toan trén tap cac mau dir liéu mo phong roi rac, ta cé:
n
fitness;sy = Z e(k)? 10)
k=1
Trong do:

e(k) = t,.(k) — t(k) 1a mau dir liéu sai léch tai chu ky md phong thir k.
t, (k) 1a gia tri nhiét d6 tham chiéu ¢ dau vao.

t(k) l1a gia tri nhiét do dap ung cta 10 nhiét.

n 14 tong s6 mau dir liéu cua mot 1an thue hién md phong.

Dé tinh toan duwoc ham muc tiéu, véi mdi bo tham sé (mot cé thé) ta thuc hién chay mo phong vai thoi gian 1a
time = 1000 s, gid tri tham chi€u 1a t,..; = 200°C.

Két qua toi wu nhan dugc nhu trong Bang 6.

Bing 6. Céc tham sb téi wu

e ce u
a=u(l) 0.575864 0.699607 0.699997

IV. KET QUA TiNH TOAN VA MO PHONG

Cho e, ce bién thién tir 0 dén 1, step = 0.05, ap dung phuong phap ndi suy tuyén tinh 2 chiéu va ndi suy dua
trén trong s6 khoang cach ngit nghia véi phép and = prod, ta nhan dugc cac mit ndi suy tuwong Gng nhu trén Hinh 9.

Tir Hinh 9, ta thdy rang ca 2 phuong phap ndi suy déu cho mit ndi suy bién thién ddng dang véi mat ngit nghia
$3,,; (Hinh 7). Trén Hinh 9a, khi cac gia tri diu vao e < —eyqx, & < —Cepmay hodc € > +eqy, Ce > +Cepmay thi gid
tri ngoai suy lai 1a khong dung dén theo quy luat bién thién cua hé luat. Khi sai léch e va ce 1a I6n, bo didu khién can
dwa ra gia tri u & I6n. Tuy nhién, theo noi suy tuyén tinh 2 chiéu thi lai cho gié tri u 1a nho. Didu nay 14 trai nguoc véi
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muc tiéu dié}l khién. Vi phuong phap noi suy dua trén trong s6 khoang cach ngit nghia, khi ngoai suy d khﬁc phuc
dugc han ché nay (Hinh 9b). Day chinh 1a do c6 sy bo sung céc rang budc (Dinh nghia 1) cho phép ndi suy tuyen tinh 2
chiéu thong thuong de tinh toan cho qua trinh suy luan phu hgp véi LRBS.

e
'I"’l .

‘
S t ‘
,oo,o‘o.o. ‘ ‘
00 :v‘ ‘:" ’ 5%
, GOSN
00,‘

‘
55 0’0

0%, ’0 6‘0‘0‘0" \’ <5 ‘

nz

a) b)

Hinh 9. a) N6i suy theo néi suy tuyén tinh 2 chidu b) Noi suy theo trong s khoang cach ngit nghia

V6i bo tham s6 t6i wu trong Bang 6, tinh toan QRBS va xay dung dugc miat quan hé vao ra S2,,, trong khong
gian nglr nghia nhu trén Hinh 10.

Hinh 10. Mit quan h¢ vao ra S3,,; trong khong gian ngit nghia v6i tham s6 tbi vu

Mb phong hé théng véi thoi gian 1a time = 1000 s, gié tri tham chiéu 1a t,., = 200°C, khi khng c6 nhidu va
c6 nhiéu phy tai ¢ dau ra (bién do nhiéu N = 5% gié tri tham chiéu) ta nhan duoc két qua nhu trén Hinh 11. Duong
BLI la dap ung cua bo diéu khién v&i phuong phap noi suy ni suy tuyén tinh 2 chiéu, duong BLI-sdw la dap tng cua
b diéu khién véi phuong phap noi suy dua trén trong s0 khoang cach ngir nghia va dudng BLI- sdw-op la dap g cua
b6 diéu khién vai phuong phap ndi suy dua trén trong ) khoang cach ngir nghia v6i tham s i wu. Quan sat cac dap
ung trén do thi, ta thdy ké ca khi khong c6 nhidu hay c6 nhidu ¢ dau ra ciia hé thong thi b diéu khién HAC luén cho
dap tng t6t vé thoi gian dap img, d6 qua diéu chinh va thoi gian xdc 1ap trong ca 2 phuong phap noi suy. Trong cung
diéu kién, dap tng cua bo diéu khién véi noi suy dua trén trong s6 khoang cach ngir nghia 1a tdt hon so véi noi suy
tuyén tinh 2 chiéu khong nhiéu. C6 thé 1i giai diéu nay 1a vi su sai khac gia tri tinh toan giita hai phuong phap chi ¢
vung ngoai suy, tai d6 gia tri e va ce 1a Ion. Khi gid tri e va ce da tién vao ving ndi suy ctia mit S3,; thi gia tri ndi suy
ctia 2 phuong phép 1a nhu nhau. Khi 4p dung GA dé ti wu hoa tham s6 bo diéu khién voi ham muc tiéu theo chi tiéu
chit luong diéu khién ISE, ta thdy dap tmg c6 d6 qua diéu chinh nho, thoi gian xéac 1ap twong dwong véi khi chua t6i
uu nhung thoi gian dap Gmg thi nho hon kha nhiéu.

250 T 250
Q200 57200 -
= =
150 1
g 150 - 1 g
= =100 1
& 100 @
g' —BLI g' 50 —BL
@ 50 ~——BLI-sdw @ —BLI-sdw
had BLI-sdw-op| = 0 BLI-sdw-op.
—reference ——reference
0 - -50 -
0 200 400 600 800 1000 0 200 400 600 800 1000
time [s] time [s]
a) khong c6 nhicu b) c6 nhicu

Hinh 11. D4p (g dAu ra khi mé phong vdi cac bd diéu khién



Nguyén Tién Duy, Vii Nhu Lan 733

Mot s gia tri tinh toan dugc tong hop trong Bang 7. Cac két qua bang sb ciing cho thiy ndi suy dua trén trong
s0 khoang cach ngilt nghia cho gia tri nhé hon so v6i ndi suy ndi suy tuyén tinh 2 chiéu thong thuong.

Bang 7. Két qua mé phong

ndi suy tuyén tinh 2 chicu ndi suy theo trong so ndi suy theo trong so
khoang cach ngir nghia khoang cach nglr nghia + GA
khong nhidu | c6 nhiéu khong nhidu | c6 nhiéu khong nhiéu | c6 nhiéu
Rise time [s] 172.6 163 161.087 151 125.41 123.75
Overshoot [%] 0.196 0.021 0.2 0.021 13 13
Settling time [%] | 172.6 163 161.1 151 182 180
ISE 2402.1 2418.2 2177.4 2193.7 1950.0 1964.1
V.KET LUAN

Trong bai bao nay, chung t6i di dé xuét stir dung phép nodi suy dua trén trong s khoang cach ngit nghia cua cac
gié tri ngit nghia du vao so véi gid tri ngit nghia cua cac hang tir xuat hién trong luat. Cu thé, chiing t6i dua ra cac rang
budc cho phuong phap ndi suy tuyén tinh 2 chiéu (Pinh nghia 1). Theo cac rang budc o tinh gidi han trong dinh nghia
nay thi gia tri ngoai suy chi phu thudc vao cic gia tri ngit nghia ciia cac hang tir 1an can trong LRBS. Tir d6, két nhap
gié tri dau ra theo trong s6 1a phu hop véi tu duy suy luan ctia con ngudi dua trén luat voi cac hang tu ngon ngir. Ching
t6i ciing di tién hanh thiét ké va ap dung phuong phap ndi suy nay trong bo diéu khién ma quy tic diéu khién dugce cho
bang LRBS cho ddi tuong 13 16 dién tro. Két qua md phong duoc so sanh, danh gia v6i phuong phap noi suy tuyen tinh
2 chiéu thong thuong. Dap tng dau ra khi bo diéu khién lam viéc v6i phuong phap nodi suy dua trén trong so khoang
cach nglr nghia co tt hon so véi phuong phéap ndi suy tuyén tinh 2 chiéu. Muc do tot hon vé chét luong diéu khién 1a
khong nhiéu, vi n6 chi xay ra mot s it truong hop khi ngoai suy nhung no da thé hién tinh dung dén ciia phuong phap
khi m6 phong lai quy luat bién thién ciia LRBS va qua trinh suy ludn xap xi cua con ngudi. Chung t6i ciing ap dung
GA dé thyc hién t6i wu hod cac tham sb tinh mo cua bo diéu khlen Viée st dung ham ga () san c6 trong Matlab cho
thay su don gian, hi€u qua va tién loi rat nhiéu. V6i bo tham sb ti vu tim duoc, bd diéu khién da dap tng tdt hon
nhiéu so voi khi chua tdi wu. Trong tuong lai gan, chung t6i sé thir nghiém dé xuat nay cho nhing bo didu khién co
LRBS va ddi twong phtrc tap hon dé khang dinh dugc tinh hiéu qua cta phuwong phap.
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INTERPOLATE BASE ON SEMANTIC DISTANCE WEIGHT WITH OPTIMIZATION BY
THE GENETIC ALGORITHM TO HEDGE ALGEBRAS CONTROLLER

Nguyen Tien Duy, Vu Nhu Lan

ABSTRACT: When solving the approximation problem given by the Linguistic Rule Base System (LRBS) on the Hedge Algebraic
(HA) approach, we can do by some interpolation method. The method of interpolation must ensure the correctness of the
relationship between the output and inputs. In this paper, we present a proposed method of interpolation for the assurance of
correctness. It is interpolation based on the semantic distance weight of the input semantic values for the semantic value of the terms
in the conditional clause of the rule. In vector input semantics, for each component we define its distance weight to the semantic
value of the corresponding language class that appears in the rule. This distance weight value is used to integrate into the output
value. With this proposal, we have designed the controller for object resistor furnace. In addition, we also use GA (Genetic
Algorithm) to optimize the parameters of the controller's opacity. The simulation results show that the controller works well
according to control requirements.



