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XAY DUNG HAM NGU NGHIA HOA VA GIAI NGHIA AP DUNG CHO
PHUONG PHAP SUY DIEN DUA TREN PAI SO GIA TU

Tran Pinh Khang®, Nguyén Tién Duy?, P§ Lé Quang!
YTruong Dai hoc Béch khoa Ha Néi,
2Truong Dai hoc Ky thudt Céng nghiép — PH Thai Nguyén

TOM TAT

Dé thiét ké bo diéu khién theo dai s gia tir 1am viée hiéu qua, chinh x4c can tinh chinh cc tham sd
sa0 cho m hinh tinh toan phan anh chan thuc quy ludt cia hé thong. Trong bai béo nay, tac gia dé
xuét sir dung ham ngir nghia hoa va giai nghia phi tuyén thay cho phép chuan hoa va giai chuan
tuyén tinh. Ham phi tuyén dugc dé xuét cho ca phép ngit nghia hod va giai nghia la dang ham mii v6i
cing mot tham s6 mil. Dé xuit nay da dugc ap dung dé thiét ké va mo phong bo diéu khién cho dbi
tuong 10 nhiét. Ngoai ra, giai thuét di truyén con dugc sir dung dé tdi wu cac tham s6 mii nay. So sanh
két qua mo phong v6i cac bo diéu khién, thay rang khi sur dung phép ngir nghia hod va gidi nghia
ding ham phi tuyén cho dap tmg diéu khién t6t hon khi dung ham chuan hoa va giai chuan tuyén
tinh.

T khod: dai sé gia tir;, suy ludn xdp xi; ngit nghia hod; gidi nghia; ngi suy mo
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ABSTRACT

To design the controller according to hedge algebra to effective and accurate working, it is
necessary for turning the parameters so that the model truly reflects the system's rules. In this
paper, the author proposes to use the nonlinear semantization and desemantization nonlinear
functions instead of the linear normalization and desemantization nonlinear functions. Nonlinear
functions are proposed for both semantization and desemantization that are exponential with the
same exponential parameter. This proposal was applied to design and simulate a controller for a
furnace object. In addition, the genetic algorithms is also used to optimize these exponential
parameters. Comparing the simulation results with the controllers, we found that when using the
semantization and desemantization nonlinear function gave a better control response when using
the linear normalization functions.
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1. Gi6i thiéu

Trong thoi ky ma thong tin tré thanh mot tai
nguyén co6 gia tri thi vai tro cia cac phuong
phap biéu dién va xir 1y thong tin cang trd nén
quan trong. Tiép can tdp md [1] dem lai mot
cong cu biéu dién duoc cac thong tin khong
chic chin, khong day du, gan giii voi cach
biéu dat thong tin ctia con nguoi. Cac phuong
phap suy ludn xap xi xtr Iy cac thong tin mo
cho ta mo hinh toan hoc, st dung cac cong cu
tinh toan, dem lai kha ndng mo hinh hod giup
giai quyét cac bai toan, cac qua trinh xay ra
trong thyec tién.

Dé giai quyét bai toan bang mo hinh mo thi
can: (i) biéu dién cac bién ngdn ngir vao, ra
bang cic tdp mo xac dinh trén kh(”)ng gian
tham chiéu cuia tu’ng bién ngon ngi; (i) can ¢
co s luat mo thé hién mdi quan hé giita cac
bién, biéu dat dic trung cta bai toan; va (iii)
can mot phuong phap suy luan xap xi dé tinh
toan gia tri dau ra tuong mg véi tinh hudng
cho ¢ dau vao.

Dai sb gia tir [2] cho ta mdt cong cu biéu dién
cac bién ngdn ngir nhu mot cdu trac véi cac
gi4 tri ngdn ngit sinh tir phan tir sinh va chudi
Cc4c gia tir twong (mg véi timg bién ngdn ngi.
Phuong phéap suy luan dua trén dai s gia tur
thuong st dung cach luong hoa cac gia tri
ngon ngir vé mién [0,1], sau d6 dung ndi suy
trén siéu mat [0,1]*1, véi n 1a sb bién dau
vao va mot bién dau ra. Phuong phap nay da
dugc nghién ciru va thir nghiém trong mot sd
bai toan va thé hién hiéu qua tét khi so sanh
v6i suy dién mo [3]-[7]. Nhu viy, dé giai
quyét bai toan suy dién dua trén dai sb gia tur,
thi can: (i) biéu dién cac bién ngdn ngitr vio,

ra bang cic gia tri ngdn ngir trong cac ciu
tric dai s6 gia tir; (ii) biéu dién co so luat mo
b céc gia tri ngdn ngit trong cac cau tric dai
sO gia tir; va (iii) lwa chon cac tham sé phu
hop cho phuong phap ndi suy. Tom lai, can
biéu dién vé cdu trac dai sb gia tir va ndi suy.
Budc biéu dién bao gom: chuyén cac gia tri
trong khong gian nén ctia mdi bién ngdn ngir
vé mién [0,1], goi 1a budc chuan hoa va ngir
nghia hod (Normalization & SQMs) va nguoc
lai, tr gid tri trong [0,1] thanh gia tri trong
khong gian tham chiéu ciia bién dau ra, goi la
buéc giai nghia, hay 1a giai chuan
(Denormalization). Budc ndi suy can lya chon
céc tham sb cua cac dai s6 gia tir (tham s6 vé
d6 do tinh md ctia c&c phan tir sinh va ciia cac
gia tir) dé co két qua dau ra phu hop. Budc nély
thuong st dung mot phuong phép hoc va tbi
uu tham so dai sb gia tir v6i muyc tiéu 1a tbi
thiéu sai s giita dau ra ctia mo hinh va dau ra
thuc. Hinh 1 thé hién cac budc thuc hién suy
luan dua trén dai s6 gia tur.

Cho dén nay, trong cic cong bd vé suy dién
dua trén dai sd gia tir thuong dung ham tuyén
tinh, hoac tuyén tinh tirng doan dé chuyén ddi
gilra cac gié trj thuéc khong gian cia bién
ngén ngir vé [0,1] va nguoc lai trong budce
chuan hoé (ngi nghia hod) va giai chuan (giai
nghia). Viéc diéu chinh tham sé ap dung véi
cac tham s6 dai sb gia tir, bao gébm tham s6 do
do tinh md cua phan tu sinh va d6 do tinh mo
cua gia tir tng v6i mdi bién ngdn ngit. Gia sir
bai todn c6 n bién dau vao, mot bién dau ra,
bién thir i, c6 2 phan tir sinh va p; gia tir, thi
mb hinh suy dién dai s6 gia tir s& co YL pi
tham s6. Trong qué trinh mo hinh hod, can
hoc va didu chinh thich nghi cac tham s nay.

xUl E X]_ _} . .
»| Normalization &
Xo2 S X2 »

Quantified U
Rule Base & Denormalization|—>»
HA-IRMd

SQMs
Xon € Xp >

Hinh 1. So' d6 b suy lugn dua trén dai 6 gia tu

C6 mot van dé dit ra 14 sir dung ham tuyén tinh hay tuyén tinh timg doan cho budc ngit nghia hoa va
giai nghia c6 thé lam cho cac tham sb dai sb gia tir trong mo hinh “t6t” nhét trd nén phan bd khong
déu. Vi du, d6 do tinh mo cia phan tir sinh duong nhé hon rat nhiéu so voi tinh md cta phan tir sinh
am, gay léch vé ngit nghia khi lugng hod. Diéu nay dugc giai thich 1a do khong gian cua bién
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¢6 thé khong tuyén tinh, viéc dung ham tuyén
tinh cho budc nglt nghia hod lam cho su
khong tuyén tinh nay don vé cac tham sb dai
sO gia tir. Mot vi du thuc tién 1a bién ngon
ngit biéu dién vé s6 ca miac COVID-19 & céac
nude trén thé gidi, nwéc nhiéu nhat 5.300.000
ca, nuéc it nhit 0 ca, néu dung ham tuyén
tinh thi nudc c6 s6 ca nhiém bénh mirc trung
binh Ia 2.650.000 ca, nhung thuc té thi nudc
ding & giita bang danh sach nhiém bénh co
khoang 5.000 ca. Piéu nay gay sai léch khi
hiéu ngit nghia dinh luong ctia bién ngdn ngir
khi biéu dién trong ciu tric dai sb gia tir. Mot
van dé nira 1a kiéu loai ctia cac bién ciing da
dang, bién c6 mién tri don diéu ting, don diéu
giam, khong don diéu, thang do,... can hudng
su cht y nhiéu hon vao budc ngir nghia hoé
va giai nghia.

Bai bao nay thir nghiém véi mot dang ham
phi tuyén cho ngir nghia hod va giai nghia,
khi suy dién dua trén dai sé gia tir. Cac tham
sb dai sb gia t & budc ndi suy duoc dé can
bang va khong can diéu chinh. Viéc toi vu mo
hinh twong tng vai hoc cac tham s6 ciia ham
phi tuyén dung cho ngir nghia hod va giai
nghia. Péng gop cua bai bio néu lén tam
quan trong cta budc ngir nghia hod trong cai
tién cac phuong phéap suy dién dya trén dai sd
gia tur.

2. Phuong phép suy luin dwa trén dai sé
gia twr

2.1. Bai todn suy ludn xdap xi

Bai toan suy dién mo da diéu kién co tri thirc
duoc biéu dién dudi dang luat nhu sau:

R1: If X; = A;; and X, = A5, and ... and
X, =A,,thenY = B,

R2: If X; = A, and X, = A,, and ... and
X, =A,,thenY =B,

Rn: If X, = Ay, and X, = Ay, and ... and
n=ApmthenY =B,

Véi Xy, X, ..., X, VA Y 1a cac bién ngdn ngir,

mdi bién ngdn ngir X; thudc khong gian nén

U; va bién ngon ngit Y thuoc khong gian nén
V, A, Bj (i=1,..,n,j =1,..,m) lacac gia
tri mo thudc khong gian nén tuong tng.

2.2. Ung dung dai sé gia tiv gidi bai todn suy
ludn xdp xi

Pé ap dung suy dién v6i dai sd gia tir, can
chuyén cac tip mo A; j» Bj thanh cac phan tir
thudc cac dai sb gia tu.

A11,A1, ..., Ay 12 CAC phan tir cua dai s6 gia
tir AX1 cho bién ngon ngir X;,

Azq,Asy, ..., Ay 18 CAC phan tir cua dai 6 gia
tir AX2 cho bién ngodn ngir X,

Api,Ang, ooy Apm 12 C&C phan tir cia dai 6 gia
tir AXn cho bién ngdn ngir X,,,

Bi,B,, ..., B, 1a cac phan tir cia dai s gia tir
AY cho bién ngdn ngir Y.

V&i moi luat “If .. then”, xac dinh duoc mot
“diém mo” trong khong gian
Dom(X;)xDom(X;)*...xDom(X,)xDom(Y).

Khi ndy md hinh mo ¢ thé dwoc xem nhur
mot “siéu mat” Sfiy} trong khong gian nay.
Xay dyng dai s gia tir cho cac bién ngon ngi
va st dung ham anh xa ngit nghia dinh luong,
chuyén mdi diém mo trén thanh mot diém
thuc trong khong gian [0,1]"*1. Khi d6, mo
hinh mo trén duoc biéu dién twong tng thanh

Ag LA 5499 n+1
mot “siéu mat” thuc S;y;.

Cho cac dau vao Xgq,Xgz, ..., Xon, SU dung
phep chuan hoa (normallzatlon) cac gia tri do
vé mién gia tri cua dai s6 gia tu, duoc
Xo1s) X025» s Xons tUONG UNg. Viéc giai bai
toan suy luan xap xi mo da diéu kién dugc
chuyén vé bai toan ndi suy trén S%HY . Gia tri
ndi suy nhan dugc trong mién [0,1] la gia tri
ngit nghia dinh lugng cua bién ngdn ngir dau
ra’Y can duoc chuyén vé mién bién thién thuc
clia gia tri diéu khién & dau ra, d6 1a phép giai
chuan (denormalization).

Céc budc thiét ké bo suy luan xap xi theo dai
s6 gia ttr nhu sau:

1) Thiét ké cac dai sb gia tor AXi, (i =

., 1) V& AY cho cac bién X; va Y.
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2) Chuyén d6i hé luat trong md hinh mo
thanh hé luét voi cac gia tri ngdn nglr trong
dai s6 gia tr mot cach tuong ung.

3) Tinh toan gia tri nglt nghia dinh luong cho
cac nhan ngodn ngir trong h¢ ludt trong dai so
gia tir. Xay dung “siéu mat” S/LHL,

B6 suy luan xép xi dugc thyc hién boi phép
noi suy trén “siéu mat” S Cac thanh phan
cua bd suy luan bao gém, nhu & Hinh 1:

- Normalization & SQMs: chudn ho4 cac bién
vao va tinh toan gia tri nglt nghia dinh luong
cho cac nhan ngoén ngit, xdy dung “siéu mat”

n+1
Sreal'

- Quantified Rule Base & HA-IRMd: ndi suy
trén “siéu mat” SEHL

- Denormalization: chuyén dbi gia tri diéu
khién ngir nghia vé mién gia tri bién thién
thuc cta bién dau ra.

2.3. Téi wu cdc tham sé

V§i bai toan c6 n bién diu vao, mét bién dau
ra, biénthr i, i =1,..,n+ 1, c6 2 phan tir
sinh va p; gia tir, thi mé hinh suy dién dai s6
gia tir s c6 Y lp; tham sé. Véi dai sb gia
tir thar i thi c6 1 tham sb 1a d6 do tinh mé cua
phan tir sinh 4m va p; — 1 tham s6 1a d6 do
tinh mo cua cac gia tir dung trong dai sb gia
tu do.

Ap dung giai thuat di truyén v6i ham thich
nghi cyc tiéu binh phuong sai sd giita dau ra
ctia md hinh va diu ra thuc, dé tim ra bd tham
sO dai s6 gia tr pht hop.

Trén day la cac budc xay dung mo hinh suy
dién dya trén dai sé gia tr hién nay, thuong
tap trung vao diéu chinh tham s dai s gia tir
trong budc ndi suy, ma chua khdo sat cac
tham sd trong cac budc chuan hoé (ngit nghia
hod) va giai chuan (giai nghia).

3. Ham ngir nghia ho4, gidi nghia

Ham ngir nghia hoa chuyén khdng gian [a, b]
ctia mot bién ngdn ngir vé khoang [as, bs]
[0,1], ham giai nghia chuyén nguoc lai, tir
[ag, bs] Vé khdng gian [a,b]. O day, ta gia

thiét ring cac mién gia tri cta cac bién ngdn
ngit déu don diéu, gia st don diéu ting.
Trong trudng hop khong don diéu thi cin
chuyén vé mién don diéu trudc khi xir 1y.
3.1. Ham ngiv nghia hod, gidi nghia tuyén tinh
Ham ngit nghia hoa tuyén tinh cho mién tri
don di¢u tdng co6 dang:
LinearSematization(x) = x; = agy + (bs —
a5, (1)
S/ b-a
Ham giai nghia tuyén tinh c6 dang
LinearDesematization(x;) = x = a +
—q) X%
(b — a3 @
Véi ag =0 va bg =1 thi cac ham trén tré
thanh ham chuédn hoa va giai chuan (Hinh 2).

A
Xs

1 1

—»
b X

0la
Hinh 2. Ham chudn hod tuyén tinh

Phan tiép theo s& dé xuit mot dang ham ngit
nghia ho4, giai nghia c6 thém cac tham sé mil
va xét diém trung binh.

3.2. Pé xuit dang ham ngiv nghia hod, gidi
nghia phi tuyén

Ta chia khoang [a, b] thanh hai khoang nho
[a,c] va [c, b], Véi c la gié tri nam giira a va
b, str dung tham s6 mii sp cho cac khoang
[a,c] va [c,b], thi ham ngir nghia hod cé
dang kiéu S (S-function). Nhu viy, dang
duong cong ctia ham nglr nghia hoa va giai
nghia c6 tinh ddi xtmg, phu hop véi dbi tugng
diéu khién trong nghién ciru nay.

Sematization(x) = x; =
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Ham gidi nghia c6 dang:
Desematization(x;) = x =

sp [xs—as

a+(c—a). E véi aSSXSSCS
o (4)
Xs—Cs .
c+ (b—o). (—) vol  ¢; < x5 < by
bs—cs

Hinh 3 thé hién ham chuan ho4 phi tuyén.

' 3
Xs

L=

Cs

-
>

b x

0 |a <
Hinh 3. Ham chudn hod sir dung cdc tham sé mii

Vé diém giita véi toa do (c,cg), O thé lay
a+b _ . \ A A A A 5
C=—-Vvacs la mot tham so can diéu chinh,

as+b N N £ A DY
£ va ¢ la tham sé can diéu

hodc dét ¢; =
chinh. Gia str dit ¢ 1a trung diém cua a va b,
thi dang ham phi tuyén nay c6 ba tham s 1a
(sp, c5). Can diéu chinh cac tham sb nay voi
ting bién ngdn ngir dé c6 mé hinh phu hop.
Phén tiép theo trinh bay thuc nghiém vao bai
toan diéu khién nhiét d6 6n dinh cho 10 nhiét,
t6i uu cac tham sb ham ngit nghia hoa va giir
cac tham sb dai sé gia tir cAn bang, dé so sanh
v6i phuong phap ngir nghia hod tuyén tinh va
ti wu tham sb dai sé gia tir.

4. Bai toan ing dung

4.1. Bii todn diéu khién on dinh nhigt dp
cho lo nhiét

Xét 10 nhiét dién tré ¢6 cong suat P=1 KW,
pham vi nhiét d6 25 oC — 250 °C. Trong do,
gia thiét khi chua diéu khién thi nhiét 6 10 da
bang nhiét d6 méi truong 1a 25 oC. Lo nhiét
¢6 ham truyén dugc nhén dang gﬁn dang vaoi
cac tham s nhu sau:

909e 308
1300s+1 (5)

W(s) =

Bo diéu khién c6 hai dau vao: e Ia sai léch
diéu khién veé gia tri nhiét do, xac dinh trong

khoang [-4, 4], ce 1 téc d6 bién thién cua e,

xac dinh trong khoang [-50, 50] va dau ra u

dé diéu khién dién 4p cia ngudn dién, xac

dinh trong khoang [-4,5, 4,5].

Hé luat diéu khién dugc cho dudi dang cac

phat biéu trén ngon ngit nhu trong Bang 1.
Bang 1. Bang ludt diéu khién

“ 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

Bo diéu khién duya trén dai s6 gia tir c6 3 dai
sb gia tir biéu dién e, ce va u déu cé tap phan
tr sinh G = {N,P} va H* ={L}, H~ = {V}.
Nhu vay la mdi bién c6 2 tham sé fm(N) va
u(L), tong cong 1a 6 tham sd. Goi b diéu
khién nay 1a HAC (Hedge Algebra
Controller).

Bo diéu khién dua trén dai s6 gia tir ding ham
ngit nghia ho& va giai nghia phi tuyén, dang
ham nhu & Phan 3.2 duoc goi 1a SHAC, céc
tham s tinh mo cua dai sb gia tir cho cac bién
e, ce va u cho ca HAC va SHAC déu duoc lua
chon nhu trong Bang 2.

Bang 2. Cdc tham s6 thiét ké ciia HAC

e ce u
fm(N) 05 05 0,5244
(L) 05 05 05

Pé ngit nghia hoa cac bién dau vao thuc e, ce
vé mién ngit nghia es, Ces ta can 4 tham sb. Dé
gidi nghia tir gia tri ngit nghia us vé mién gia
tri thuc u dé diéu khién ta cAn 2 tham sd.
Téng cong ta c6 6 tham sb.

4.2. Két qui mé phong

Thuc nghiém trén Matlab/Simulink, t6i wu
cac tham sb cua phép ngit nghia hod va giai
vOoi ham muc ti€u dugc lua chon theo tiéu
chuén tich phan trj tuyét dbi (IAE - Integrated
Absolute Error) céc sai léch diéu khién giira
gia tri dap ung that & dau ra y(k) va gia tri
tham chiéu x4 (k), v6i [ 1a tong s6 mau dit
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liu trong lan chay mé phong va k = 1,..1.
Trong thuc nghiém nay liy [ = 2.000. Thuat
toan toi vu dugce sir dung la PSO.
IAE = ey ly (k) = x4 (k)| (6)
Sau khi thuc hién t6i wu nhiéu lan, bo tham s6
cho phép ngit nghia hod va giai nghia nhan
dugc nhu trong Bang 3.
Bang 3. Cdc tham sé t6i wu ciia SHAC

e ce u
Cs 0,45 0,55 0,507828
sp 1,0 1,2 1,2

Gia tr1 ham muc ti€u duoc tinh toan theo tiéu
chuan TIAE ciia 2 bd diéu khién HAC va
SHAC dugc chi ra trén Bang 4. Piéu d6 cho
thdy, khi thay phép chudn hoa va giai chuan
tuyén tinh bang phép ngit nghia hoa va giai
nghia phi tuyén, dap ng ctia bd didu khién da
dugce cai thién vé chat lugng. Muc giam IAE
ctia bo SHAC so véi HAC la 7,348%.

Bang 4. Gia tri ham muc tiéu theo tiéu chudn IAE
cua cac bo diéu khién

HAC SHAC

IEA 728,0611 674,562

Pap (rng cua cac bd didu khidn HAC va SHAC
T T T T T T T

Thuc hién mé phong hé thong voi thoi gian
Time = 1.500 [s]. Hinh 4 thé hién dap tmg cta
dau ra, 6n dinh nhiét do cia cac bo diéu khién
HAC va SHAC. Buong mau vang la gia tri
tham chiéu dugc thiét 1ap thay ddi theo thoi
gian nhu trén Bang 5.

Bang 5. Gia tri tham thiéu thay doi theo thoi gian

Time [s] 0-500 500-950  950-1500
Ref [°C] 200 225 162,5

Puong mau xanh blue 1a dap tng tu’ong ung
véi bo diéu khién HAC va duong mau vang la
d4p tmg tuong tng voi b diéu khien SHAC.
Tai thoi diém 0 [s], nhiét d6 10 da co gia tri
bang véi nhiét d6 moi truong 1a 25 °C, gia tri
nay kéo dai bang khoang thoi gian tré T = 30
[s] (5), sau d6 nhiét d6 moi bit dau ting. Pap
mg cho thdy do vot 16 dép tmg cta bo diéu
khién SHAC 1a 16n hon so v6i HAC, tuy
nhién c6 gia tri la 209,61, dat 4,805% (nho
hon 5%), d4p mg tot yéu cau vé diéu khién
nhiét do. Thoi gian ding ctia bd diéu khién
SHAC giam dang ké so voi bd diéu khién
HAC. bap tng cia SHAC dat 180 °C (90%
gia tri tham chiéu) tai 127 [s], trong khi do
d6i véi HAC 1a 154 [s], giam 17,53%.
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Hinh 4. Bdp ing ddu ra khi mé phéng véi cac b diéu khién
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Hinh 5. Bdp irng dau ra khi mé phéng véi cac bé diéu khién khi c¢6 nhiéu
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M6 phong voi truong hop c¢d nhidu ‘white
noise’ tic dong vao dau ra, bién d6 nhiéu N =
10 (liy bang 5% cua gia tri 200 °C). Quan sét
dap Gmg trén Hinh 5 cho thdy cac bd diéu
khién van lam viéc tot khi cé nhiéu tac dong.
Gia tri dau ra van dugce 6n dinh theo gia tri
tham chiéu c6 kém theo bién dong ciia nhidu.
5. Két luan

Bai bao nay di dé xuat sir dung ham phi tuyén
cho phép ngit nghia hod va giai nghia trong bd
suy luan xép xi theo dai sb gia tir, da dua ra
mot dang ham phi tuyén cu thé véi cac tham sd
mil. Cac tham sd nay dwoc diéu chinh trong
qué trinh hoc va t6i uu mo hinh bang thuat
toan PSO. Thuc nghiém so sanh giita két qua
theo tiép can t6i wu tham s6 ham ngir nghia
hoé va giai nghia cho thay két qua kha quan.
Trong thoi gian téi, co thé tiép tuc mo rong,
Iwa chon cac tham s phu hop va thyc nghiém
v6i nhiéu bai toan khac nhau ma d6i tuong
diéu khién c6 tinh phi tuyén manh dé ting
hiéu qua cua hudng tiép can nay.
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