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SO SANH CAC BQ DIEU KHIEN MO VOl BQ PIEU KHIEN
SU DUNG DAI SO GIA T DOI VOT LO NHIET

NGUYEN TIEN DUY, VU NHU LAN

1. MO PAU

Li thuyét dai s6 gia tir (BSGT) [9, 10] da dwoc nghién ctru phat trién tir cudi nhung nam 80,
dau nhitng ndm 90 thé ki trudc va da dugc tng dung vao mot sé linh vuc tin hoc va dléu khién
hoc nhu 1i thuyet co s dir licu voi thong tin khong chic chin, phuong phép hd trg quyet dinh va
tmg dung cho mot s6 bai todn diéu khién trong méi truong thong tin mo. Nhleu ket qua nghién
ctru di dugc cong bd trén nhiing tap chi quoc té va trong ki yéu hoi nghi qudc té. Muc tiéu cua
bai bdo nay 12 phat trién hon nita 1f thuyet DSGT va déc biét nghién ciru m¢ rong Umg dung cua
né trong linh vyc didu khlen dé khing dinh thém ¥ nghia cia DSGT, mot ciu tric dai s6 ngit
nghia dinh tinh ctua mién gid tri ngdn ngir cla bién ngdn ngir. Néu xem li thuyet tdp mo nhu la
mot tlep can gidi tich cho viéc giai quyet nhiém vy néu trén, thi DSGT co thé dwoc xem nhur 12
mot cach t1ep can dai s6. N6 rat khéc biét v6i cach t1ep can giai tich va do d6 huong va ndi dung
nghién ctru ¢6 déc trung khdc bi€t véi cdc hudng nghién ctru dya trén 1f thuyét tap mo. BSGT la
mot 1{ thuyet méi. Nhiéu két qua da duoc cong bb trén céc tap chi va hdi nghi quoc te rat c6 uy
tin [11 - 17] va diéu d6 chimg t6 rang Ii thuyét da dugc thira nhén trén binh dién quéc té. Tiép
can DSGT cé dac trung khac biét so voi cach t1ep can dua trén tap mo & chd vai trd cia gia tor
ngdn ngit ludn ludn hién dién (explicit) va dugc xem nhu 12 cdc todn tir 1-ngdi ctua dai s6. Vi vay
¢6 thé xem 1i thuyét DSGT 1a mot tiép can tinh todn trén tr (word computing) mot cich tryc tiép
khong thong qua bat ki ham thudc ciia nhin ngon ngitr.

Mot s6 két qua ctia 1f thuyét DSGT da dugc nhiéu tic gia nudc ngoai sir dung dé phat trién
phuong phdp luan hay tham chiéu y tuong dé phat trién cong trinh cia ho. C6 thé ké dén mot s6
hudng nghién clru clia cdc tic gid nudce ngoai st dung hodc tham chiéu dén 1i thuyét DPSGT nhu
sau:

- Xay dung ho céc tdp mo sao cho thda céc tién dé cua BSGT va xay dung phuong phap
1ap luan xap xi [1 - 3];

- Bai todn tro choi trong linh vuc xa hdi voi ma tran dinh gid boi gid tri ngdn nglt cua
bSGT [4, 5];

- Xay dung dan cac gid tri chan li ngbn ngit dya trén gia tir va phuong phép lap luan dya
trén logic gia tri chan 1i ngdn ngir voi tmg dung trong tro gitip quyét dinh [6, 7].

Sau ph?m mé dau, bai bdo c6 noi dung co ban nhu sau: Phan Dit van dé néu Ién bai todn
nghién ctru so sénh mot sb phuong phdp diéu khién 10 nhiét truyén thong véi phuong phép dya
trén 1i thuyet DSGT. Nhiing phan t1ep theo xay dyng m6 hinh m6 phong trén co s6 SIMULINK
MATLAB dé so sanh phuong phéap diéu khién mo truyén thong dbi tuong 10 nhiét va phuong
phép diéu khién sir dung Ii thuyet DSGT. Phan Phu lyc 1a két qua thu dugc tr qué trinh md
phong trén co s& SIMULINK, qua d6 thay ro hiéu qua diéu khién sir dung Ii thuyét DSGT. Phan
Két luan tém tit két qua thu dugc qua cdc nghién ctru so sdnh.
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2. VAI KHAI NIEM CO SO VE PAI SO GIA TU

Xét mot tap gid tri ngdn ngir 12 mién cia bién ngdn ngir (linguistic domain) ciia bién chén 1i
TEMPERATURE gém cdc tur sau:

T = dom(TEMPERATURE) = {Large, Small, very Large, very Small, more Large, more
Small, approximately Large, approximately Small, little Large, little Small, less Large, less
Small, very more Large, very more Small, very possible Large, very possible Small, ...}

Khi d6 mién ngdn nglt T = dom(TEMPERATURE) ¢6 thé biéu thi nhu 1a mot ciu tric dai
s6 AT = (T, G, H, <), trong d6: T 1a tdp nén ciia AT; G 1a tap cic tir nguyén thuy (tdp cdc phan
tu sinh: Large, Small; H la tdp cdc toan tor mot ngdi, goi 1a cic gia tir (cdc trang tur nhén); < 1a
biéu thi quan hé tha tu trén cic tr (cic khai niém mo), ndé dugc “cam sinh” tir ngir nghia tu
nhién <cua céc tir>. Vi du: dua trén nglt nghia, cic quan hé thu ty sau l1a ding: Small < Large,
more Large < very Large, very Small < more Small, possible Small < Large, Small < possible
Small, ...

Dinh nghia 2.1. Cho BPSGT md rong dbi xtng AT = (T, G, H, <), f: T—[0, 1] 1a mét ham dinh
Iwgng nglr nghia (DLNN) cua AT néu Vh, k € H+ hoic Vh, k e H- va Vx, y €T, tacé:

£ () 0| _|f tn)ef )|
| F(ROF0| ™ | £y)F ()]

2.1)

Xét céc gid tri: Large, Very Small, ... Trén quan diém DSGT, ta ¢c6 mot cich dinh nghia
tinh mo khé truc quan dya trén kich c& cua tdp H(x) nhu hinh 2.1.

Cho trudéc mot ham PLNN f ciia X. Xét bat ki xe X, tinh mo cia x khi d6 duoc do bang
duong kinh tap fAH(x)) c [0, 1].

0.5 LittleLarge PossLarge Large MoreLarge VeryLarge 1
I [l [l 1 1 | 1 | X
< > 0.75 < >
! Diameter of e R — Diameter of |
| f(H(LittleLarge)) ' Diameter of ; HDﬁmEtEf of f(H(VeryLarge)) i
E f(H(PossLarge)) (H(MoreLarge)) :

&
<

-y

Diameter of f(H(Large))
Hinh 2.1. Tinh mo cua gid tri ngon ngir

Dinh nghia 2.2. B§ do tinh mo.

Ham fin: T—[0, 1] dgqc goi la d6 do tinh mo néu: fim(c-) =0>0vafimic+)=1-06>0,
trong d6 c- va c+ 1a cac phan tir sinh am va duong.

Gia st tdp céc gia tit H = H+UH-, H- = {hy, hy, ..., h,} v&i hy>hy> ... >hy, H+ = {hy,, h o,
oo D g} VO Dy <hy o< .. <hy.g. Khi d6:
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fm(hx) _ fin(hy)
fm(x)  fim(y)

phém tu x, y va do d6 ta c6 thé ki hiéu 1a (h) va goi 1a d§ do tinh mo (fuzziness measure) cla
gia tur h.

Tinh chét cua fin(x) va u(h).

Véi bat ki x, y €T, heH, , dang thirc nay khong phu thudc vao céc

fm(hx) = u(th)fm(x), VxeT (2.2)
iﬁn(hic) = fm(c), vbi ce {c-, c+} (2.3)
i=1

D fm(hx) = fin(x) 2.4)

i=1
Z,u(h) o va Zﬂ(h) Bvoia f>0vao+f=1 (2.5)
i=p+1

2.1. Xay dung ham dinh lwgng ngir nghia trén co sé d9 do tinh mo cia gia tiv
Xét md hinh mo sau day:
IFx=A, THEN y = B,
IFx=A, THENy=B,

(2.6)
IFx=A, THENy=B,

Gia str cho trudc d6 do tinh mo cia cac gia tir pwh) va cac gid tri do do tinh mo cua céc
phan tir sinh fin(c™), fin(c*) va @ 1a phan tir trung hoa (neutral).

Ham dinh lugng ngit nghia v cia T duoc xay dung nhu sau vdi x = hyy,...hphyc:
v(cT) = H—afm(c") ,v(cH)=0+afm(c)

Jm(x) = fm(h,,...h,h,c) = p(h,,)... 1 (hy) p(hy, ) fin(c)

v(h,x) =v(x)+sgn(h;x) Z fm(h.x) ——(l sgn(hx)sgn(hhx)(B—a) fm(h, x)}

Li=J

néu j<p va

v(h,x) =v(x)+sgn(h;x) me(hx)——(l sgn(h.x)sgn(hhx)(f— a)fm(hx)}

| i=p+l
néu j>p. 2.7)

Mot céch tryc cam ta c¢6 thé xem mdi ménh d& if - then xdc dinh mot diém vao va do d6 n
ménh d& ctia mé hinh (2.6) s& xé4c dinh cho ta mot duong cong trong khong gian ngdn ngtr XxY
va goi la duong cong mo C. Khi d6 bai todn 18p ludn xap xi trén tdp mo co thé chuyen vé bai
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todn ndi suy déi v6i duong cong mo C. Gia st fx va f, la cic ham ngit nghia dinh lugng
twong Umg cta X va Y. Cac ham nay sé chuyen duong cong mo C thanh duong cong thuc C

trong khong gian [0, 1] X [0, 1]. Nhu vay bai todn 1ap ludn mo dugc chuyen ve bai todn ndi suy
thong thuong nho ham dinh lugng nglt nghia.

2.2. Diéu khién sir dung dai sb gia tir

Trén co s6 1i thuyét DSGT [9, 10 ], trong [17] da dua ra so dd diéu khién sir dung DSGT
(HAC: Hedge Algebras — based controller) véi danh xa PLNN (Semantically Quantifying
Mappings) nhu sau:

|
e I . . u
Semantization 3 QSMs 3 Desemantization || Y| Plant

| 7| (Ngit nghia hod) (Anh xa NNPL) (Giai nghia) : "l (Db twong)

Hinh 2.2. So db diéu khién st dung DSGT

Str dung tiép can DSGT trong bai toan diéu khién 1 nhiét s& duoc xem xét cu thé dudi day.

3. DAT VAN DE

Ham truyén cua 10 1a mét khau quén tinh bac nhét c6 tré:
exp(—7P)
tP+1

V6i K 1a hé s6 khuéch dai cia dbi tuong, K = 10°C/s6; T hang s thoi gian, T = 1300 s;
T thoi gian tre, T =30 s.

W, (P) =K (3.1)

—TP -30P
e

S)= =10 . 32
Wo(8)= TS+1 13008 +1 G-

Van dé dit ra 12 nghién ciru so sanh dua trén md phong trén SIMULINK MATLAB mét s&
phuong phap didu khién 1 nhiét nhu diéu khién m& va phuong phép diéu khién sir dung DSGT.

4. MO HINH MO PHONG CAC BOQ PIEU KHIEN LO NHIET TREN SIMULINK
MATLAB

4.1. M6 hinh md phéng cac bd diéu’khién mo va b diéu khién dua trén PSGT khi khong
¢6 tac dong cua nhiéu phu tai doi véi 1o nhiét
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e

Hinh 4.1. Hé théng khong c6 tic dong cua nhidu phy ti

4.2. M6 hinh mé phéng cdc by diéu khién mo va by diéu khién dya trén PSGT khi ¢6 tac
dong cia nhiéu phu tai doi véi 1o nhiét

r

.':;' :[5 909 D%(
I
Ll Ll
1300s+1 ;
Transfer Fon Transport

Fuzzy Logic Gaini Delay
Derivativel Controller I:I

K- |l
Scope
Step " 208
HA B é)%( i+ B
Ll Ll + Ll
» 1300s5+1 {
Level-2 M-file Transport 1

. Transfer Fon2
S-Fundtion Gain2 Delay2

b J

Derivative2

e

|"-

|

Stepi Transport
Delavd

Hinh 4.2. Hé thong c6 tic dong ctia nhiéu phuy tai

Céc bo diéu khién mo va by diéu khién HAC dugc md phong s dung phin mém
SIMULINK MATLAB cho hai truong hgp khong c6 nhiu phu tai (hinh 4.1) va c6 nhiéu phu tai
(hinh 4.2), trong d6 phép mo hoa dugc xay dung dua trén phan hoach cdc tap mo dang tam gidc
dbi vé&i cdc dau vao ET (hinh 4.3), DET (hinh 4.4) va dau ra diéu khién OUT (hinh 4.5). Hé luat
diéu khién dugc cho trong bang 4.1. Két qua mo6 phong mo ta trong Phan 6. Phy Luc.
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mf1 mf2 mf3 mf4d mfS mf6 mf7  mf8 mf9

ET -5 -4 -3 -2 -1 0 1 2 3 4 5 (Volt)
Hinh 4.3. Phan hoach cdc ham thudc ddu vao ET

mf1 mf2 mf3 mfd mf5S mf6 mf7  mf8 mf9

v

A
1
0 >
DET -2 -1 0 1 2 (Volt)
Hinh 4.4. Phan hoach cdc ham thudc ddu vao DET
A mf1 mf2 mf3 mf4 mf5 mf6  mf7 mf8 mf9
1
0 >
ouT 0 0.5 1 (Volt)

Hinh 4.5. Phan hoach céc ham thudc dau ra diéu khién OUT

Tu [8] céac luat dugc mo ta trong bang 4.1.
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Bang 4.1. FAM

ET
mfl | mf2 | mf3 | mf4 | mfS | mf6 | mf7 | mf8 | mf9
DET

mf1 mf1
mf2 mf2
mf3 mf3
mf4 mf4
mf5 mf5
mf6 mf6
mf7 mf7
mf8 mf8
mf9 mf9

Trong d6 mfi (i=1 ... 9) 1a cic ham thudc dang tam gidc dugc phan bd trén cac khoang xac
dinh cuda hai bién vao ET, DET va 1 bién ra diéu khién OUT c6 thit nguyén don vi 1a Volt voi
cac khoang xac dinh [-5, 5], [-2, 2] va [0, 1] twong Ung.

4.3. Diéu khién dua trén dai sb gia tir (hinh 4.1 va hinh 4.2)
4.3.1. Ngit nghia hod (Semantization) cdc bién vao va bién ra diéu khién

B tham s tinh todn céc gid tri trén duong cong ngir nghia dinh lwong gdm:
C={0, Small, 6, Large,1}; H- = {Little} = {h-1}; q=1; H+ = {Very} = { hl};
p=1;0=0,5;00=0=0,5; W(Very) = 0,5 = u(h1); u(Little) = 0,5 = p(h-1);
Nhu vay: fm(Small) = 6 = 0,5 va fm(Large) = 1-fm(Small) =1 - 0,5 = 0,5.

Céc gia tri ngir nghia dinh luong cu thé cua 2 bién vao ET, DETva 1 bién ra didu khién
OUT duoc tinh trén co sd cac cong thire (2.7) nhu sau:

1) USmall) = 6- ofm(Small) = 0,25
2)  WVery Small) = (Small) + Sign(Very Small) *
1
{D_fm(h;Small) - 0.5 fim(h,Small)} = 0,125
i=l1
3) V(Little Small) = V(Small) + Sign(Little Small) *
-l
{ > fm(hSmall )= 0.5 fm( h_;Small ) } =0.375
i=—1
4) Large) = 8+ afm(Large) = 0,75
5) UVery Large) = W Large) + Sign(Very Large)*
1
{D fm(h,Large) - 0.5 fin(h Large)} = 0,875
i=1
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6) W Little Large) = W(Large) + Sign(Little Large)*

-1
{ 2 fm(hLarge)—0.5fm(h_jLarge)}=0.625
i=—1
Bang 4.2 m6 ta cac bién ngdn ngit va dinh luong hod nglr nghia cdc bién nay trén co s&
muc 4.2 cho ca 2 dau vao ET, DET va 1 dau ra di€u khién OUT.

Bdng 4.2. Ngilt nghia dinh lugng cac tap mo fmi (i=1,2, .. 9)

fml1 = Absolute Small = 0,0
fm?2 = Very Small = 0,125
fm3 = Small = 0,25

fm4 = Little Small = 0,375
fmS5 = Medium = 0,5

fm6 = Little Large = 0,625
fm7 = Large =0,75

fm8 = Very Large = 0,875
fm9 = Absolute Large = 1,0

4.3.2. Anh xa ngit nghia dinh lwong (SQMs)

Chuyél} bang FAM sang bang SAM - bang 4.3 trén co s¢ cic két qua tinh todn tai phan trén
va cac chuyén doi ¢ bang 4.2.

Badng 4.3. SAM
mf mf2 mf3 | mf4 mf mf6 mf7 | mf8 mf
ET |1 5 9
DET 0,12 | 0,2 | 0,37 0,62 | 0,7 | 0,87
0 5 5 5 0.5 5 5 5 !
mf
1 0 0
mf | 0,12 0,12
2 5 5
mf 0,2
3 0,25 5
mf | 0,37 0,37
4 5 5
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mf

5 0,5 0,5

mf | 0,62 0,62

6 5 5

mf 0,7

7 0,75 5

mf | 0,87 0,87
8 5 5
mf

9 1

4.4 Xay dung dwong cong ngir nghia dinh lwgng véi phép AND=PRODUCT

Bang 4.4. AND=PRODUCT

ET DET ET & DET ouT
0 0 0 0
0,125 | 0,125 0,015625 0,125
0,25 0,25 0,0625 0,25
0,375 | 0,375 0,140625 0,375
0,5 0,5 0,25 0,5
0,625 | 0,625 0,390625 0,625
0,75 0,75 0,5625 0,75
0,875 | 0,875 0,765625 0,875
1 1 1 1
Puwdng cong nglr nghia didu khién R
N
0,8 /
0.4 - /
°% 02 04 06 08 1 1,2
e |

Hinh 4.6. Tap diém trén dudng cong ngit nghia
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4.5. Giai nghia (Desematization) bién diéu khién ra

Trén co s¢ diéu kién dat nhiét do 16 ban dau (150°, 175°, 200°, 225°, 250°) hogc tong hop
theo qua trinh tdng hodc giam nhiét do trong khoang [150°, 250°] tinh dugc cac dai luong ET va
DET tuong tmg. Day la diéu kién ban dau cho qud trinh tinh todn ngtt nghia cua hai bién vao ET
va DET dya trén phép ngt nghia hod (Sematization). Trén co s& dnh xa NNDL (SQMs Hinh
4.6) tinh duoc ngit nghia dinh lwong cua bién ra diéu khién OUT. Tir d6, phép giai nghia
(Desemantization) cho phép tinh gia tri thuc cia bién ra diéu khién OUT.

Pé so sanh, két qua didu khién dya trén DSGT duoc thé hién trén ciing dd thi véi cic
phuong phap didu khién mo truyén théng trong Phén 6 Phu lyc.

Trong vi du cu thé trén, dbi tuong 10 gia nhiét cong nghi€p [8] dugc cho dudi dang ham
truyén 12 mot khau quan tinh bac nhét 6 tré (3.1) va (3.2). Céc b diéu khién 16 nhiét nhu bo
diéu khién mo va b didu khién s dung BSGT dugc thiét k& va mo _phong bang SIMULINK
MATLAB. Qua m6 phong qua trinh didu khlen 10 nhiét cua cac bd didu khién trén, c6 thé thay
13 vé tong thé tinh wu viét riéng cua bo diéu khién theo tlep can DSGT so vai bo diéu mo:

- Thoi gl&}n quq do cua diéu khién dua trén DSG:F véi cac giad tr;ldat nhlet‘ do khéc nhau
Iudn tot hon diéu khién mo. Tuy nhién, lu’g’ng’qué di€u chinh cua tiép can diéu khién bang
DSGT trong mot vai truong hop chwa phai da tot hon tiép can mo.

- Khi khong c6 nhiu phy tai, trong qud trinh diéu khiéq tong hop theo chiéu tang nhiét do
(150°:200°:250°C) hodc giam nhiét do (250°:200"150°C), dicu khién dya trén DSGT ludn cho
chat Iuvgng dieu khién rot hon han_so voi bg diéu khién mo.

- Diic biét khi c6 nhiéu phuy téi tic dong vao h¢ thong, diéu khién dva trén DSGT ludn c6
chat Iuvgng diéu khién ot hon so vdi bd diéu khién mo.

5. KET LUAN

- Tinh quyét dinh trong bai todn didu khién thong minh la 1ap luan xép xi dua trén cac
thong tin ude lugng, khong chinh xdc (18p luan mo, suy luan mo). Han ché cia phuong phap lap
luan xap xi dua trén tap mo trong diéu khién mo la:

+ C6 nhiéu yéu t6 anh huong dén két qua diéu khién qua céc giai doan mo hod, suy
luan m¢ va khir mo.
+ Khong dam bao thir ty ngit nghia trong qud trinh xt I dit liéu cho diéu khién.

- Vi tiép can DSGT, viéc tinh todn 1a don gian va c6 kha ndng diéu khién véi do chinh
xdc cao hon so véi phuong phap dicu khién mo vi ¢ rat it cic yéu to anh hudng dén qud trinh
1ap luan.

- Véi 10 nhiét, 1a mot dbi tuong dugc st dung rong rai trong cac linh vuc khac nhau, khi
bi€t r6 ham truyén cua doi tuong thi viéc thiét ké mot bo diéu khién kinh dién la kha dé dang.
Tuy nhién trong thyc té, thuong ta khong biét rd tham sé cia hé thong, ngoai viéc thong qua
nhan dang ta cé thé dwa trén kinh nghlem van hanh dé thiét ké bo diéu khién md cho hé thong
Trong trudong hop nay, viéc thiét ké mot bo diéu khién dua trén co sé BSGT cho uu diém 1o rét.

- Nhing nghién ctru tiép tuc trong tuong lai gin vé DSGT s& hudng dén bai toan diéu
khién doi tuong c6 do phurc tap cao hon va bai todn toi uu hoa chat lugng diéu khién trén co so
bo tham s6 cia BSGT.
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Lo cdm on. Bai b4o dwoc sy hd tro clia Phong thi nghiém trong diém Céng nghé Mang va ba
phwong tién.

6. PHU LUC

6.1. Pap ing ciia by diéu khién khi khong cé nhiéu

a. bat nhiét d¢ 10 200°C b. bat nhiét d¢ 10 225°C

260

250
200

150 /
100 X /

200 400 600 800 1000 1200 1400 0 200 400 600

Fuzzy Logic
Hedge Algebras

200

150

100

ﬁ?\

c. Bat nhiét d6 10 250°C d. bat nhiét d¢ 10 175°C

300

180
Fuzzy Logic

I
——— Fuzzy Logic
Hedge Algebras T Hedge Algebras |_|
/ 140 / //
200 120 //
/ / 100
150

100

250

0
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400

e. Bat nhiét d6 1o 150°C g. Diéu khién tong hop theo qud trinh ting nhiét
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(150:200:250)°C

160

—— Fuzzy Logic —— Fuzzy Logic
an ——Hedge Algebras | | ——— Hedge Algebras

Wl /

0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400

h. Piéu khién tong hop theo qu4 trinh giam nhiét (250:200:150)°C

300

——Fuzzy Logic

———Hedge Algebras

250
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150 \\

100

n
V

0 200 400 600 800 1000 1200 1400

6.2. Pap ing ciia bd diéu khién khi cé tic dong cia nhitu phu tai
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SUMMARY

PERFOMACE COMPARISON BETWEEN FUZZY LOGIC CONTROLLERS AND
HEDGE ALGEBRAS — BASED CONTROLLER FOR FURNACE
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In this paper, two controllers such as FLC (Fuzzy Logic Controller) and HAC (Hedge
Algebras — Based Controller) are simulated in MATLAB SIMULINK. All the successfully
designed controllers were compared. The responses of each controller were plotted in one
window to verify the performance of each control algorithm. Simulation study has been done in
MATLAB SIMULINK shows that the new controller — HAC produced better response and
better performance compared to FLC strategies for controlling the temperature plant.
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