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. D3t vén 4 ;

Trong nhirng niim gan ddy cling véi sy phat tricn cia mdy tinh va  tel tué nhan tao, mot
phwong phdp méi cia nganh dicu khién hoe da mé ra. D6 1i didu khién dira trén nhirng tri thie
cia che chuyén gia [ 1,2,3,4,5). Phuong phap didu khiéh nay Ia su két hgp hai hoa giira khoa hoc
vé médy tinh, tri tug nhan tao va 1y thuyct didu khién. Phwong phap dé ra déi di givp cho cde
nha diéu khién hoc gidi quyét duoe nhiing vin dé mh cde phuong phép diéu khién trude con dang
trén con dwdng tim kiém, hay cdbn dang bé ngd. D6 Ia cie lig dicu khién ¢6 cu tric phire tap
vé miit co khi, cde hé khd 6 thé mé td boi mdt mo hinh todn hee thit chinh xdc, cde hé ¢ do
phi tuyén cao. Hom thé nira sy ra déi cda hé chuyén gia cé thé gitp cho cde nha diéu khich két
hgp trong qua trinh didu khién cée thudt todn nhan dang, thudt todn diéu khién nhy véi thudt
todn diéu khién khdc, cac qud trinh kiém tra, hién thi... , mét cdch mém déo. Trong bai viét nay
mot 86 van dé co ban cda viee thict ké he théng dicu khién trén co sér hé luat (HL) sé& dwge dé
cap dén,

1. Phurang phép ti€p cin

1. Cdu trie.

Cée doi twgng cong nghiép, cde qud trinh cong nghé vi dy cde qué trinh nhiét, qué trinh hod
chat, robot... & nhimg déi twong quen biét cda didu khien hoc. Céc phuong phép thidt ké hé
théng diéu khicn ty dong thubmg xuit phét tir viee xay dyng mét mé hinh todn hoc va tir dé
'thiét ké nhitng bo didu khién thich hop...
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Phuong phép thiét ké bd diéu khién trén co s& HI, ma HL nay duge x&y dyng tir nhitng tri
thire va nhirng kinh nghiém hoat dong lau ndm cula nhiéu ngudi va nhiéu nha chuyén mén trong
linh vire ty déng. Nhin chung céc phuong phép thiét k€ bd diéu khién trén co s& HL thtrémg
xuat phét tir hai céch co bén.

a. Thiét ké trye tiép.
b. Thiét ké gién tiép.

1.1, Thiét ké tryc tiép:

Phuong phép thay d8i tryc tiép céc tham 88 cua b didu khién hokic trye tidp téc déng vio déi
twgng didu khién trén co s& h€ chuyén gia duge xay dung theo ddp (ng ra cda hé h& eling nhu
hé kin [3, 5, 11]. Hinh 1 la so d8 biéu dién phuong phdp diéu khién tryc tiép

—4 Co s& dir ligu <——>4 Co chéd suy dién
] I

'4 Co sdr tri thire

4 4

Luét diéu khién qué trinh —T—b
= .

Hinh 1, So 46 didu khién trye tiép

Theo so d8 thiét ké, hé théng diéu khiéh gdm cac phin sau:
- Co s& dir liéu chira dung céc thdng tin hién tai vé qud trinh diéu khlen nhu‘ tin hidu vho ra,
cée nhidu tde déng vao hé théng...
- Co ché suy dién: Théng thudng trong thiét ké bd diéu khi'e"n suy dién duge thye hién theo 3
céch '
* Lap ludn 4 tién dAn dén két qud (Forward)
* Cho trwée mét két ludn, lap lugn dé dat dwge né (Backward)
* Két hgp cd hai cich

- Co 8¢ tri thirc chira nhitng tri thirc cia cde chuyen gia, nhirng k¥ n¥ing, ky xdo cda cdc chuyén
gia ma (nhitng tri thic, k§ nkng, kj xdo &y) ta cé thé ty déng héa dwge viée khai thdc ching,
Théng thudmg nhiing tri thire, k¥ niing, kj xdo dy biéu dién dudi dang lujt.

Néu < tinh thé hay sykién > thi < tédc ddng >.

< tinh thé hay sy kién > bao gdm céc tinh huéng cia hé théng ho¥c muc tiéu cda didu khlen.
cdn < tée déng > & ddy c6 the hidu nhw mét thu§t didu khién méi ho¥e viée tyr déng thay déi
théng 88 cla bo didu khién...
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Trong thiét ké b didu khiéh m& (Fuszy Controller) gia thiét cic z1,23,..2,,2 € X bidu didn
cie gid tri do duge cda tin higu vio, goi tin hiéu ra T u; € U, Theo [11] ta cé cac quan hé m&
gita U va X:

U = ~X). : (1)

Vay néu bidu dién céc gid trj do duge & ddu vio tai mBt thii didm quan sdt, ldy vi dy e la sai
lech didu khién, s 1a tong cdc sai loch tir cde théi didm trude dén thi diém quan sdt, é 1a toc
A6 thay d6i cua sai léch trong hai théi diem lién ti€p nhau thi cde tin hiéu ra uy = F(e), ug =
F(s), ug = F(e,¢), uq = F(e,s) la nhirng tdc dong twong tng clda cée bo diéu khién P, I, PD,
PL O thai diém quan sét ¢ theo [3, 8, 11] ta cé:

e(t) = rt) = y(t). - (2
t(t) 1a tin hiéy chi dao (sctpoint)
y(t) 1a tin hiéu ra
e(t) la sai lech diéu khién
e(t) = é = [e(t) —e(t = 1))/T. (3)

T la chu ky cat mau
Trén co s& tap mo, gid st e 1a gid tri do dwge & mot thyi diém, gid trj e dwge md héa boi
tdp md E vdi ham thuge (membership function), uE(e) (xem phy lye). O thei diém quan sat t
ta cé gid tri e(t) va c(t) véi cde tap mé tuong tmg cda né la By va Cy. Biéu dién E va C la tép
cia céc bien ngon ngit {PL, PM, PS, PZ, NZ, SN, NM, NL}
‘ PL li Positive large
PM la Positive medium
PS 1a Positive small
PZ la 0*
NZ 14 0~
NS la Negative small
NM la Negative medium
NL la Negative large

Ta ciing biéu dien ¢(t) nhw e(t), do d6 so' 8 cila b8 didu khién mé c¢é dang nhu sau:

Chuyén d8i tin hiéu e,c sang PL,PS,NS... Tt theo cde dang luat me Tt gfa trj didu khign
— -

Hinh 2. Cilu triic cda b didu khién mo
Lay vi dy glé. st y 1a bién nhiét @3 dwge bidu dién trong khoéng (60°C' = 200°C). Trén déu ra
y ta do duwge nhiét do khodng gdn 100°C. Ham u«100 14 ham thude 6 thé lay gid trj gita 0 va 1.
Néu p100(r) = 0 thi nhiét 46 kh8ng thude tap m& dang xét. u100(r) ldy gid trj trong khodng tir
0 téi 1 thi nhiét dé thuée tap md dang xét.



1 Lé B4 Ding & Pham Thirgng Cét

Vidy 7= 100°C thl p100(r) = 1
7 = 80°C' thi p#100(r) = 0.85
Khoang nhiét d¢ (50°C — 200°C) 1a vii try cda bien mé y. Tuong tu nhir viy, ta bidu diéq cho
sy thay doi cia toc dé sai léch c(t) va cho tin hiéu ra u(t). Trong thiét ké bé didu khién theo HL
trén co 8¢ phwong phap md, cée ludt ( co s& 'tri thire) duge bicu dién nhu sau:
if E; is PL and Cj is PL then Uj; is PL

Dang ludt trén bidu dién mot quan hé mé gita tin higu vao va ra - Ham thuge quan-hé(theo
phu luc ¢é):

#Rij(u,e ) = min(uBi(e), uCy(c), nlij(u)), e € By,c € Cj,u € Uy, i =1,8, j=T,7. (4)

Khi thiét ké b diu chinh ta cé mét hé luit, do dé 6 mét ma tran cdc quan hé mé v duge
tinh theo céng thic:

pR(u,c,e) = mazi; min(puEy(e), pCj(e), plij(u)). (5)
Vay mgt < tdc dong > theo dang luat if < di€u kibn > s& duge tinh theo céng thive:
wU(u) = mazee min(pky(e), nCi(e), ult(u,c,e)), ¢ € Ey, ¢ € Cy,u € Uy, (6)

D& ¢6 mot ddp tng & déu ra theo mot yeu ciu cho trde ta ¢ thé thay déi mét vai ludt & cor
8& tri thire trong qué trinh diéu khign, Hodic 1a tinh theo phwong phap lap luan xap xi (18] ciing
sé cho két qud mong muén (xem bang 1.)

1.2, Thiét ké gidn tiép

Bo didu khién thong minh dirge thidt ke theo phwong phap diéu khién phan cip - hai mure
hay nhidu mire [6,11,12). 1é chuyen gia & day duge coi nhu la mét nha dao dién trong viéc thay
doi, sip xép cde luat diéu khicn, nhan dang hé théng, cft gir mét luat didu khién, cho thie hién
mét luat mdi, ra lénh bio dong... 1é diéu khign ph&n cip nay dwege phén ra nhur sau:

- Mic thap:
Céc chire néing chi yéu
+ Do céc thong 88 eda qué trinh diéu khién
+ Tinh todn cde tin hidu didu khien
+ Loc tin hi¢u

- Miic cao:
+ Kiém tra theo doi
+ Diéu hanh (théng s8 ban ddu; chon lugt wée lwong théng s, uée luong trang théi;
chon luat diéu khién; kiém tra én dinh cia hé théng) -
+ Kiém sodt cdc sai st cia hé théng (Fault diagnosis)
+ Kiém soét h¢ thong (Khdi dong, ngdt hé théng..)

Xem hinh 3.



Mat 88 vin dé co ban trong viée ... 5

2. Thi dy mé phéng. Trén co s& nhimg vin d¢ cliung di néu & trén, ching t8i x8y dyng
mét thi dy mé phdng Ia thiét ké bd diéu khién théng minh cho diéu khién déng co dign mét chitu
cho mot khép cia ré - bét. B diéu khién nay gém hai mire, Tir tudng cda viée thiét ké bs didu
khién théng minh nay 1a thye hién cdc thuat diéu khign khéc nhau trong nhimg viing lam viée
khéc nhau cla hé théng diéu khien. O mirc thap chita cdc thuat diéu khién DDC (Direct Digital
Control) va thuat diéu khién m&. O mie cao la hé chuyén gia ¢6 nhigm vy

+ Kiém tra qué trinh 1am viée lién tyc cla hé theng véi viee thay d8i cac lugt didu khién. Sy
thay d&i che luat didu khién ndy bing ludt didu khiéh khdc phu thuge vio trang théi cda doi
twong. Trong vi du néu trén thi thudt. diéu khién in& duge goi khi iém ldm viée eda hé thdng
dang tién ra khéi mién &n dinh, hofic hé dang bj m¢t tdi 1én hay nhiéu tdc déng, con luét diéu
khien DDC dwae goi khi hé théng dang di dén én dinh.

+ Kié'm_ tra qué trinh diéu khién (fault diagnosis)

Hé chuyén gia (mirc cao)

Co séf tri thite

1 ,

Ngudi mdy Co adr dir lidu Cer ché suy dién

3
Miic thap

Luat DK mé, Luit DDC...J

Hinh 3. So A8 cau trde phan cdp cia bo didu khien théng minh.

Hé chuyén gia bao gdm céc phan nhu di trinh bay & phén trén
- Co s& dir liéu gom: .
+ Cédc théng tin vé dong eo
. "Tin hiéu vio, tin hiéu ra
. Céc théng s8 vé cde bd diéu chinh
. Céc théng s6 vé qud khir, vé hién tqi

+ Cée théng tin vé 8n dinh cia hé théng
- Co & tri thire (cdc luat chinh sau d4y:) -
+ Néu khéng tén tai lugt DDC thi kidm tra hé th8ng hé
+ Néu DDC tén tai thi kiéin tra ddp ting ra
+ Néu tin hiéu ra khong 8n dinh thi théng béo eho ngudi van hanh biét v& nap théng 86 ban
dau cho luat diéu khién m& ‘
+ Néu xong thi cho thye hién
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- Giao tiép ngwdi mdy
+ Kha n¥ing thay doi mot vai dang luat & co sé tri thie

Déng co mét chiéu ¢ ham truyén dat

oy . Km ”
P = srmtn (M
Km=K/JiTm=J/f

J... md ment quén tinh

(... hiing 86 lye ma sdt

K... hling 80 cda mé to

Luat DDC dwge thict ké ¢4i tin hidu  didu khién la hling 80 viv limymeo e(u7) = 0 va
Km =20, Tm = 2.0 do dé luat DDC ¢6 dyng:

u[k] = 0.258u(k = 1) + 0.0000178u[k — 2] + ¢ [k] = 1.4Te[k ~ 1] + 0.6065¢[k - 2]. (8)
Luat diéu khien mér dugethiét ké trén co sér tri thire vé didu khiéh dong co 1L d6 nhy sau:

if £ is NL, NM, NS, NE, PE, and C is NI, NS, NM then U is NL;
il E is NL and C is PM, PS then U is NL:
if Eis PS and C is NL then U is NIL:

if Eis NS and C is PM then U is PM;

il Eis PL and C is PL then U is PL;

il E is PZ, NZ and C is NS then U is NS;
if £ is PZ, N7 and C is PM then U is PM;
il E is PZ, NZ and C is 27 then U is 2E;
il E is PS and C is PS then U is PM;

il £ is PM and C is NS then U is NM;

il £ is PM and C is NS then Uis PL;

Luat diéu khién mé trén cho didu khién déng co duge tinh todn theo phuong phiép lép luan
xap xi [13] ta cé ket qud & bang 1.

Chuong trinh mo phéng cdc luat dién khién mé va DDC viét trén ngon ngir C. Hinh 4 1a két
qud mo phdng ciia cc ludt didu khién rieng bigt, trén dé thi dé cho thdy luit DDC 8n djnh
hon nhung thi gian dat 6n dinh dai hen lugt didu khién m&. Do qué diéu khién cda luat didu
khién m& cao hom luit diéu khién DDC.

1. K&t lun,
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Trén day d& dé cip mét 85 van dé co bdn cia viée thiét ké bs diéu khién trén co s& HL -

didu khién tryc tiép st dyng phwong phdp mé, diéu khién gidn tidp qua h@ phén cdp. Vige xdy
dyng hé chuyén gia & day rit nhd so véi cac hé chuyén gia khéce, chira ¢é yéu cdu suy dién, méi
dirng & mot yéu cau don gidn l1a mém hod qué trinh didu khién bing mét vai thudt todn khéc
nhau trong mot vai diéu kién khde nhau cia qué trinh diéu khién. V1 khuén khé cda bai bdo nay
ching téi chwa the trinh b, ~hi tiét hé chuyén gia.

U.cC-6-5-4-3-2-10 1234586

E
6 -6-6-6-6-6-6-6-6-6-6-5 00
5 -6-6-6-6-6-6-6-6-6-6-500
-4 -6-6-6-6-6-6-6-6-6-6 000
.3 6-6-6-6-6-6-6 000444
2 -6-6-6-6-4-4-4 000144
1 -6-6-6-6-6-60114444
0 6-6-6-6-6-60004444
0 -6-6-6-6-6-6 0443444
1 6-6-6-6-4-204 43444
2 6-6-6-6-4-4 0666666
3 6-6-6-4-4-4060660606¢6
4 6-6-4-3-4-406666¢G6
5 00-4-4-4-4 06686666
6 00-4-4-4-4 0666668

Bdng 1. Két qua tinh theo phuong phép lap ludn xdp xi
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Phu luc:

Mot s6 diém co ban eia fuzzy logic va 1y thuyét tap mo.

+ Mét tap m& A thude vii tru U duge the hién béi ham thuge pA(u), méi mot u; € U gén
mét gid tri uA(u) trong khoang giira 0 va 1. Néu pA(u) =0 thi u khéng thuée tap m& A.

+ Ba phép todn co bdn nhu sau:

Hop cda hai tap m& A vh B thuée vii try U duge biéu thi bdi A+B véi ham thuge dinh nghia

la: '

HA + B(u) = max[pA(u), pB(u)

Gino cila hai tap m& A vh B duge biéu thi béi A B véi ham thuge dinh nghia la:

pA.B(u) = min[pA(u), pB(u)]

Ddo cda tip my A duge biu thi =A véi him thuoe dinh nghia la: p=A(u) = 1 = pA(u)
+ Cho quan hé giira hai tap mé & dang luat "if A then B”, thi ham thude cla né 1

pR(u,v) = min[uA(u), uB(v) ,u€ U,v € V

N&u cho quan hé m& R = A.B va cho cde taip mo A, A’. Quan h¢ mo dé duge st dung da suy
ra cdc gid tri twong \rng B’ boi phép hap (composition) B' = A'olt = Alo(A.B)
Iam thuge cia né la:
pB'(v) = mazminfp.\'(v), pR(u,v)

Abstract.

Some design problems of rule - based control

Two kinds of the Rule -based Controller: Direct and Indirect Conlrol are presented in this paper.
The Rule - based Controllers use heuristic procedures based on Knowledges of ezperienced Conirol
Engineers and skilful plant operators. The Algorithm of Direct Control uses Fuzzy Logic Inferenced '
method and the Algorithm of Indirect Control has some levels using Ezpert method on high level.



