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THIET KE LUAT MO TU CAC DI LIEU VAO - RA SU DUNG
DAI SO GIA TU VA ('NG DUNG TRONG DIEU KHIEN

VU NHU LAN, NGUYEN TUAN LINH

1. MO DAU

Su hinh thanh nén cdc mo hinh suy dién theo luat IF-THEN déng mét vai tro quan trong
trong qua trinh xu li thong tin va théng qua do ¢é thé nhan thirc dung dén thé gidi tu nhién. Li
thuyét dai sb gia tr (DSGT) [1, 2] cho phép tao ra cac diém chét suy ludn vira mang chét-“dinh
tinh”, vira dam chat “dinh lugng”. Day 1a mot li thuyét c6 kha nang mo ta gia tri dinh luong cu
the bang ngir nghia cla cac gia tri ngdn ngir, mét dai lugng co tinh chét dinh tinh. Ngir nghia
glong nhu anh sang, trong do6 (ng vo1 mét budce song anh sang cu thé (ngir nghia dinh luong) la
mau sic cua anh sang do (cam nhén ngit nghia dinh tinh). Diéu nay 12 mot goi y tot cho vén dé
nghién ciru xay dung hé lut (dinh tinh) tir cadc quan sat vao - ra (dinh lugng) trén co s DSGT.
Bai toan duogc dét ra tuong tu nhu bai toan nhan dang mé hinh véi quan niém mo hinh la hé luat.

Bai bao dé xuat mot thuat toan tong quat cho viée xay dung hé luat ndi trén sir dung DSGT
va ung dung cho véan dé diéu khién hé quat gio- canh nhém.

2. THUAT TOAN TAO LUAT TU CAC QUAN SAT VAO-RA

Cho L cdp vao-ra(n dau vao- | daura)

(Xo',yo).r=12, ...L 2.1)
trong dé
Xo' =[x, X025 Xon' ] (2.2)
voi
Xomin' < X0, S Xounax' V& Yomw' < Y0 < Yomax 5 1=1,2, 0 (2.3)

Budc 1: Chon bd DSGT v6i cac tham sé ngir nghia dinh luong co so cho timg bién vio, ra cua
cdp vao-ra r, tir d6 xac dinh phan hoach ngu nghia dinh Iuorng clia cac bién vao va bién ra voi
Nir diém ngu nghia dinh lugng co sd v, cua bién vao xo' va Mr diém ngir nghia dinh lugng co
s v, cua bién ra Yo'

— | | l !
r_ r r r r r_ r
0< Xoumns = Vs .-+ Vs Xois V(_i*l ns (RN VNirs = X0wunaxs <1
r r r
Xounin Xo, X0imaxs

Hinh I. Phan hoach ngir nghia bién vao o voij=1,2,...Nir
| | | |




r_ r r r r ro_ r
0< Yomms = Vis --- Vis Yos V(k+|)s Vs = Yomaxs <1

r

r r
Yomin Yo Y0omax

Hinh 2. Phan hoach ngit nghia biénra yo' véi k =1, 2,...Mr

O day, x5 va o' 1a cac ngit nghia quan sat déu vao va dau ra tuong Ung,

Vjis' va Vi- hiss Vs VA Vg1 12 cac ngir nghia dinh lugng co so tao nén cac doan phén hoach
ngi nghia bién vao va bién ra twong (ng duge tinh dya trén DSGT.

Bude 2: Xac dinh 1 luat tu 1 cdp vao-ra (2.1).
Tir nglr nghia quan sat xgi'e [ Vis', Vi-nis ] Va Yos' € [ Vks', Vieys ] xac dinh cac khoang
cach sau:
diis' = Xais' - Viis' (2.4)
khoang cach tuyét doi gitra ngir nghia quan sat bién vao va diém dau cua doan phéan hoach ngir
nghia chira ngir nghia quan sat bién vao.
dksr = y()sr - Vksr : (25)
khoang cach tuyét doi gilra ngir nghia quan sat bién ra va di€ém dau cua doan phén hoach ngir
nghia chira ngir nghia quan sat bién ra.
dU ])lSr: V- l)xsr Xois : (2.6)
khoang cach tuyét dbi gitra diém cudi cua doan phan hoach ngir nghia chira ngir nghia quan sat
bién vao va ngir nghia quan sat bién vao.

d(k l)sr = V(k l)sr y05r: (2 7)
khoang cach tuyét déi gitra diém cudi cuia doan phan hoach ngir nghia chira ngir nghia quan sat
bién ra va ngir nghia quan sat bién ra.

Luat duogc tao ra tir cac quan sat vao-ra nhu sau:
IF x0," 1s min(d,;i", dy-1y5") AND.._AND X, is min(djss" ,d - 15" )
THEN y,' is min(dy", d-15") (2.8)

Buéc 3: Loai bo nhitng luat khong nhat quan.

Do sb lugng cac quan sat vao-ra thuong la kha 1on, vi vay s6 luit duoc tao ra cling rét 16n.
Trong d6 c6 khong it ludt mau thuan véi nhau, c6 nghia la nhing luat nay cé cung phan [F
nhung khac phan THEN. Hé luat chua nhing ludt nay khong dam bao tinh nhat quan. bé xay
dung hé luat nhat quan, can tao ra mét tham s6 ¢6 thé danh gia chinh xac duoc muc dé gan nhau
gilra ngir nghla quan sat vdi nglr nghia dinh luong co s& cho timg luat. Tham s6 nay dugc goi 1a
ban kinh hip din ngir nghia (ki hiéu G,") duoc do bang khoang cach gitra ngir nghia dinh
lugng co so va ngir nghia quan sat trong doan phan hoach ngir nghia chira ngir nghia quan sat.
Trong s6 nhimg luat khong nhat quan, ludt nao ¢6 ban kinh hap dan nglr nghia nho nhét (Gy" nho
nhat ) s& duoc chon.

Ban kinh hap dan ngir nghia cua luat duoc xac dinh nhu sau:
Go' = [T=1™ min(d,s', dy 1)) min(dys', -7, (2.9)

Hé luat bao gom cac luat tir nhom nhat quan (khéng mau thuan) va tir nhém khong nhét
quan c6 ban kinh hap dan ngir nghia nho nhat.
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3. HE QUAT GIO-CANH NHOM

Hé lhéng }(hi dong hoc ‘Quat gid - Canh nhém (QGCN) cua hing KentRidge

Instruments [6] bao gém ba thanh phén chinh (hinh 3).

- Quat gi6 duogc gén trén mdt dudng ray cho
phép thay doi1 vi tri cua quat.

- Canh nhém dugc gan trén truc quay nim N
ngang dugc d& boi hai tru ding.

- Hop diéu khién vé6i cac phan dién tur.

Trén quan diém diéu khién hoc, hé théng khi
dong hoc ¢6 hai phan sau:

1/ D4 tugng diéu khién 2

Trong hé théng khi dong hoc QGCN thi quat
gi6 va canh nhom duge coi 1a doi tugng diéu khién =
(PTDK). Pai lugng dugc diéu khién 1a g6c nghiéng b
cua canh nhdm. 1A

2/ B6 phéan cong suit va cam bién

Tin hiéu diéu khién thong qua khuyech dai
cong sudt nam trong hop diéu khién sé diéu khién I

téc d6 quay cua quat gi6. Su thay déi goc quay cua i
canh nhém l1am thay doi gia tri dién tro cua chiét ap o _
servo (dau do) gan & mot dau cla truc quay. Mot bo ‘ =

phan dién tr (bén trong hop dieu khién) s&
chu‘yén gia tri dién tro thanh gia tri dién ap mot
chiéu nam trong khoang tur -10 V dén 10 V.

Hinh 3. Hé Quat gié - Canh nhém

4. HE LUAT PIEU KHIEN QUAT GIO-CANH NHOM

Phuong trinh trang thai hé QGCN duoc xay dung trong [6 ] ¢6 dang sau:
y(k+1)=10,9159 y (k) + 0,0463 u(k) (3.1

Pay 1a hé mét dau vao-mot dau ra, trong d6: y(k) 1a géc nghiéng cua canh nhom tai thoi
diém k (bién ra cia DTDK)); u(k) 1a téc do quay cua quat gi6 tai thoi diém k (bién vao cua
PTPK).

B diéu khién dua trén DSGT (Hedge algebrras — based controller: HAC) cu thé trong bai
toan nay duoc hinh thanh trén co sé nhimg hiéu biét cha chuyén gia vé qua trinh diéu khién hé
thdng QGCN hodc dugc xac dinh tir cac tac dong diéu khién do duoc va nhirng phan (g tuong
tng cua hé théng. Nhu vay ¢6 thé xem HAC nhu b bat chude cach diéu khién cia chuyén gia
diéu khién hé QGCN va két qua thu dugc khéng phai la t6i wu.

Dua vao thuat toan dé xuat trén day, qua trinh xac dinh hé luat diéu khién mé ta dinh tinh
cac quan sat vao ra dugc thuc hién nhu sau:



Buée 1. Chon cac tham sb ctia bd DSGT:
C=1{0, Small, 6 Large, 1}; H = { Little} = {h_,;}; q=1
H' = {Very} = {hl};p=1;06=0,5, a=B=0.5
u(Very) = 0.5 = p(hy); w(Little) = 0.5 = pch.y);
Nhur vay
fm(Small) = 6 = 0.5; fm(Large) = I1-fm(Small) = 1-0.5 = 0.5
Tinh toan cac gia tri ngir nghia dinh lugng co s& chung cho bién vao u va bién ra y hé
QGCN:
1/ viSmall) = 6 - afm(Small) = 0,25
2/ v(Very Small) = v(Small) + Sign(Very Small) *

I
{ > fm(h;Small )—0.5 fm(h;Small )} =0.125
i=1
4/ v(Large) = 6 + afm(Large) = 0,75

5/ v(Very Large) = v(Large) + Sign(Very Large)*

|
{ > fm(hiLarge)—0.5 fm(h;Large)}=0.875
i=]
Dir liéu quan sat moi tinh hu6ng vao-ra cua hé QGCN gém 14 cap duge do truc tiép trén hé
QGCN va dugec trinh bay tai bang 1.

Bang 1. S6 liéu quan sat vao u, ra y

STT y u

1 Ymin=47.3 Umin = 100.0

2 85,5 250,0

3 170,8 500,0

4 232,6 750,0

5 367,6 1000,0

6 421,5 1250,0
I 500,8 1500,0

8 575.,6 1750,0

9 694,5 2000,0
10 746,0 2250,0

1l 802,7 2500.0

12 881,6 2750,0

13 955,5 3000,0 |
14 Ymae= 1042,9 Umax =3250,0 |

Xay dung phan hoach ngir nghia dinh lugng tuong tng véi cac khoang xac dinh céac bién
vao u (hinh 4) va bién ra y (hinh 5) ctia hé QGCN nhu sau:
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| | | | |
U= 100 887,5 1675 2462,5 3250 = U

| | | | |

Usmin = 0,125 0,25 0,5 0,75 0,875 = Uymax
Very Small  Small Medium  Large Very Large

Hinh 4. Phan hoach ngir nghfa bién vao u hé QGCN

Phép ngir nghia dinh luong (Quantitative Semantization) bién vao u cé dang:

us=0,000238 u + 0,101 (3.2)
| | | | |
Yonin = 47,3 296,2 545, 1 794 1042.9 = you
| | | | |
Yemin= 0,125 0,25 0,5 0,75 0,875 = Yomas

Very Small ~ Small Medium  Large Very Large

Hinh 5. Phan hoach ngit nghia bién ra y h¢ QGCN

Phép ngir nghia dinh lugng (Quantitative Semantization) bién ra y co dang:
y, = 0,000753 y + 0,089 (3.3)

Budce 2: Luat xac dinh tir cdc ngir nghia quan sat vao-ra tai bang 2.

Bang 2. Cac luat tuong ung v&i cac ngir nghia quan sat vao-ra

STT U u, gan ngir nghia Ys Ys gén ngit nghia co
Luat cO SO SO
] Ugnin= 0,125 Very Small Ysmn = 0,125 Very Small
2 0,160 Very Small 0,153 Very Small
3 0,220 Small 0,218 Very Small
4 0.280 Small 0,264 Small
5 0,339 Small 0,366 Small
6 0,399 Small 0,406 Medium
7 0,458 Medium 0,466 Medium
8 0,517 Medium 0,522 Medium
9 0,577 Medium 0,612 Large
10 0,636 Large 0.651 Large




11 0,696 Large 0,693 Large |
12 0,756 Large 0,753 Large |
13 0,815 Very Large 0,838 Very Large

14 Usmax = 0,875 Very Large Vsmax = 0,875 Very Large J

Bude 3. Loai bo cac ludt khong nhét quan trén co sd tinh toan ban kinh hap din gan cac
ngir nghia co s& (bang 3).

Bang 3. Ban kinh hap dan ngit nghia gan cac ngir nghia co s&

X
o

STT ! U gan ngir nghia y v, gf‘;m ngir ’ Bé~n kinh
Luat €O so nghia co's0 | hap dan n.n Gy’

1 Ui = 100,0 Very Small Yo = 47,3 Very Small 0,0

2 250,0 Very Small 85,5 Very Small 0,000098

3 500,0 Small 170,8 Very Small 0,0028

4 750,0 Small 232,6 Small 0,000042

S 1000,0 Small 367.,6 Small 0,0103

6 1250,0 Small 421.5 Medium 0,014

7 1500,0 Medium 500,8 Medium 0,0015

8 1750,0 Medium 575,6 Medium 0,0000374

9 2000,0 Medium 694.5 Large 0,0106

10 2250,0 Large 746,0 Large 0,0113

11 2500,0 Large 802,7 Large 0,0031

12 2750,0 Large 881,6 Large 0,0000168

13 3000,0 Very Large 955,5 Very Large 0,0022

14 Umax = 3250,0)  Very Large  |ymax=1042,9| Very Large 0,0

Bang 3 chura:
- Cac nhém ludt nhat quan bao gdm cac ludt 1, 2; cac luat 10, 11, 12 va cac luat 13, 14,

- Cac nhom luat khong nhat quan bao gdm cac luat 3, 4, S, 6 va cac ludt 7, 8, 9.

Trong ting nhém luat khong nhat quan, cac luat sau day c6 mirc hap dan G, nho nhét: luat
4 trong nhom luat 3, 4, 5, 6; ludt 8 trong nhom luat 7, 8, 9. '

Nhu vay hé luat tuong ang v&i cac quan sat vao ra cua hé QGCN bao gém 5 luat, dugc thé
hién trong bang 4. '



Bang 4. Hé luat diéu khién hé QGCN

y Very Small Small Medium Large Very Large ’
0,125 0,25 0,5 0,75 0875 |

u Very Small Small Medium Large Very Large
0,125 0,25 0,5 0,75 0,875

Sur dung két qua thu duge cho qué trinh diéu khién hé QGCN nhu sau:

Trudce hét xay dung dudng cong tuyén tinh timg doan ngir nghia dinh lugng dua theo bang
4 (hinh 6).

Us 4
0,875 -
0,75 -
0,5 -
0,25 -

0,125 -

»
»

! ! ! ! ! ! !
0 0,125 0,25 0,5 0,75 0.875 Vs
Hinh 6. Duong tuyén tinh tirng doan ngir nghia dinh lugng hé QGCN

Phép anh xa ngir nghia dinh lugng (Quantitative Semantics Mapping) c6 dang tuyén tinh:
Us = Y. (3.49)
Phép giai ngir nghia dinh lugng Quantitative Desemantilzation duge suy ra tu (3.2) co
dang:
u=4201,7u,—424,37 (3.5)
Gia sir b dicu khién sir dung DSGT phai dieu khién sao cho canh nhom dat dén goc
nghiéng mong mudn y* = 950 voi gia tri ban dau y(1) = 100.
Chu ki diéu khién 1.
Quantitative Semanticization: (Ngit nghia hda dinh licong)
Trén co s¢ (3.3) ngr nghia hoa dinh lugng véi y(1)= 100 nhan dugc y,(1)=0,1643.
Quantitative Semantics mapping: (Anh xa ngit nghia dinh lieon )
Theo (3.4) nhan dugc uy(1)=0,1643.
Quantitative Desemantization: (Giai ngir nghia dinh liwong)
Giai nglr nghia tu (3.5) nhan duoc gia tri dau ra cua bo diéu khién sur dung DSGT cua chu
ki I la: u(1) = 266.



Thay cac gia tri y(1), u(1) vao mé hinh h¢ QGCN (3.1) nhan dugc két qua:
y(2) = 104,
Qua trinh tinh toan trén day duoc ldp lai cho céac chu ki diéu khién 2,3,...cho dén khi dat

duge gia tri goc nghiéng mong mudn y* = 950 véi sai s6 nho hon sai s6 cho phép € = 30. Két
qua cudi cung duogc biéu dién trong bang 5 v&i modt so gia trj ban dau y(1) khac nhau.

Badng 5. Két qua diéu khién h¢ QGCN

y(1) y E=y*y

100 930 20

200 925 25

250 940 10

350 954 4]
450 940 10 |
500 967 17

5.KET LUAN

Bai bao dé xuat phuong phap tao luat tr cac quan sat vao-ra trén co s& DSGT. Day la

phuong phap méi c6 thé tng dung cho nhiéu bai toan khac nhau, trong dé c6 bai toan diéu
khién. Qua minh hoa cu thé van dé diéu khién hé QGCN ¢6 thé thay rang: phuong phap mdi nay
cho két qua kha chinh xac, tuong duong véi phuong phap lwoc dé tham chiéu bang [7] va loai
bo dugc nhimng luat thira, khong nhat quan trong hé Juat dugc chon.
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SUMMARY

A DESIGN OF FUZZY RULES FROM INPUT-OUTPUT DATA USING HEDGE
ALGEBRAS AND APPLICATION TO CONTROL PROBLEM

In this work, we propose a new method able to find fuzzy [F-THEN rules from input
output observations based on hedge algebras and apply this method to the Fan & Plate control
problem (model PP 200). In fact, hedge algebras-based controller (HAC), formulated on the
basis of human knowledge about the process or identified from measured control action, can be
regarded as an emulator of human operator. The simulation shows that the HAC can successfully
control the plate angle of the model PP 200 to the desired position. We do not claim to have
obtained optimal controller in any of the cases, however, the method is effective for removing
inconsistency and redundancy in the process of assembling fuzzy rules. Furthermore, this new
approach is simple even if the number of state variables is large.
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