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THIET KE CAC BQ PIEU KHIEN PID, FLC-SUGENO CHO HE QUAT
GI1O - CANH PHANG SU DUNG THUAT TOAN TOI UU PSO

Nguyén Tién Duyl*, Nguyén Vin Chi*, B3 Huy Céanh?

Tém tit: Trong bai bao nay, ching #6i trinh bay viéc thiét ké cdc bé diéu khién PID va
bé diéu khién mo (Fuzzy Logic Contrller — FLC) theo md hinh Sugneno (FLC-Sugeno) toi
wu dira trén thudt todn toi wu bdy dan (Particle Swarm Optimization - PSO). Poi twong
diéu khién la hé thong quat gié — canh phang (Fan and Plate System - F&P). Pdy la mot
doi twong cé tinh phi tuyén manh. B diéu khién PID dwoc thiét ké ban dau bang phwong
phap thuwe nghiém Ziegler-Nichols. B¢ diéu khién FLC-Sugeno dwoc thiét ké thi cong véi
cdac ham thuoc dwoc phan bé déu trén mién xdc dinh cia cdc bién. T ié}) theo, sir dung
thudt toan t6i wu PSO dé t6i wu hod cdc hé sé Kp, Ky, Kp ciia bé diéu khién PID va t6i uu
hod ham thudc ciia b FLC-Sugeno. Thong qua mé phong cho thdy, cdc b diéu khién sau
khi t6i wu cho chdt lwong diéu khién tang lén dang ké. Pdc biét, bo diéu khién FLC-
Sugeno cho két qua diéu khién la tot hon cd. Qua nghién ciru thdy rang, viéc thiét ké bé
dieu khién FLC véi thudt todn toi wu PSO la mdt phwong phdp hiéu qua.

Tir khoa: Bo diéu khién PID; Bo diéu khién md sugeno; Quat gi6 canh phéng.
1. GIOI THIEU

Céc bo diéu khién PI, PD, PID duoc sir dung mot cach rong rai trong cong nghiép dbi véi cac
bai toan diéu khlen vi tinh don gian va hiéu qua cua no. Cac bo dleu khién nay thuong cho chét
lwong diéu khién tbt, viée thlet ké va kha ning chinh dinh cac h¢ s6 1a kha don gian, dac biét dbi
Vi cac dbi tuong it phi tuyen Khi dbi tugng co tinh phi tuyén manh, by diéu khién PID tro nén
kém hiéu qua. Dé giai quyet van dé nay nhiéu nha nghién ctru dé xuat sir dung cac phuong phap
hiéu chinh thong s6 bo diéu khién PID bang cach két hop voi bo chinh dinh mo [1-4], tuy nhién,
cAu tric hé thong thuong kha phirc tap. Bo diéu khién md da duoc nhiéu nha khoa hoc quan tim
va dugc ung dung kha rong rai. N6 co nhiéu vu diém d6 1a mém déo trong diéu khién boi diéu
chinh ludt diéu khién. M6 hinh b didu khién mo theo mod hinh kiéu Sugeno (hoic Takagi,
Sugeno — TS, gidi thiéu vao ndm 1985) [5]. Theo md hinh nay, vé phai cua cac ludt diéu khién
duoc mo ta boi cac ham, vi vay cho phép mo ta dong hoc hé thong mot cach mém déo va sat voi
dbi tugng. FLC-Sugeno c6 wu diém thuc hién két nhap dau ra don gian, dap ung tot véi yéu cau
realtime trong diéu khién. Tuy nhién, c6 mot kho khin khi thiét ké b diéu khién mo 1a ¢6 nhidu
yéu té anh huong dén mbi quan hé vao/ra cua bd diéu khién nhu dang ctia ham thudc, lya chon
cac phép toan két nhap, kéo theo, gidi mo, v.v. Su lya chon nay khong c6 mét quy tac cu thé ma
phu thudc nhiéu vao tri thirc mang tinh chuyén gia cua ngudi thiét ké. Mot cach khac dé giai
quyét kho khan nay, dé 1a str dung cac thuat toan t6i wu. PSO 4 thuit toan tdi wu dwoc nhidu nha
khoa hoc quan tdm va g dung trong nhiéu bai toan tdi wru khac nhau [6, 7]. Trong nghién ctru
nay, thuét toan dugc PSO duogc sir dung dé t6i vu tham sb cua cac bo diéu khién PID, FLC. Ddi
tugng didu khién duoc lwa chon 13 hé thong F&P c6 tinh phi tuyén manh [8]. Théng qua két qua
mo phong, so sanh danh gia tinh uu viét cuia FLC-Sugeno so vdi bd diéu khién PID va hiéu qua
ciia phuong phép thiét ké t6i wu bo dleu khlen st dyng thudt toan PSO. Ket qua cho thay,

OpFLC-Sugeno cho ket qua diéu khién rat tdt. bay la két qua diy hira hen dé tiép tuc phat trién
ti wu trong s6 ctia moi luat trong hé luat diéu khién cua FLC.

2. THIET KE CAC BQ PIEU KHIEN CHO HE QUAT GIO - CANH PHANG

Trong phan nay, ndi dung trinh bay v& viéc viéc thiét ké cac bo diéu khién PID kinh dién va
bd di€u khién FLC-sugeno.
2.1. Gi6i thiéu mé hinh hé Quat gi6 — Canh phing
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Nghién ctru khoa hoc cong nghé

Hé théng quat gio canh phang (Fan and Plate System - F&P) 1a mgt mo6 hinh hé thong khi
dong hoc duoc sir dung rit nhiéu trong cong ‘nghiép nhu van khi nén, théng gi6 va diéu hoa
khong khi,... [8]. M6 hinh dong hoc ciia hé théng F&P c6 tinh phi tuyén va chiu anh hudng cta
nhiéu cao téc dong, nhét 13 khi ¢6 ¢6 sai léch vé gia tri do. Vi thé, no duoc sir dung nhiéu trong
phong thi nghiém dé thir nghiém cac thuat toan diéu khién khac nhau [9, 10].
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Hinh 1. M6 hinh thi nghiém hé quat gio — canh phang (F&P).

M6 hinh thi nghiém hé thong F&P bao gdm tam phang va quat gi6. Vi tri canh phang dugc
duoc diéu chinh bang ludng khong khi thoi tir quat gio (hinh 1).
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Hinh 2. So do hé thong F&P.
W Goc gitra canh phang va truc th?}ng dung.
Mg:  Trong lugng ctia canh phang (ke ca doi trong).
C: Trong tam cua hé.
P: Ap suat tac dong 1én canh phang.
Q: Vin tbc ludng gio.

So’dé hé thépg F&P (hinh 2) bao gdm ba phan chinh: khdi quat gi6, khdi dong hoc dong khi
va khoi canh phang.
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- Khbi quat gi6 dwoc biéu dién duwéi dang:
T 2+ 0(0) = KyV(©) + D,y (1)
Trong do:  Ty: Hang s th01 glan.
Ki: Hé ) khuyéch dai ¢ trang thai xac lap.
Di:  Hing sd didu kién dau.

- Khdi dong hoc dong Kkhi: Dién ta quan hé gitra van toc dong khi Q va ap suat khi dap Ién
canh phing. Khi Q thay ddi, c6 hai yéu t6 can tinh dén: Sy tré chuyen dong cta canh phang,
dong khi chuyen dong xody bén dudi va xung quanh canh phing. Ta coi khau nay gém tré
dich chuyen mot dang phi tuyen can bac hai va dong luc hoc phu thudc hudng.

- Khdi canh phing: biéu thi quan hé giita ¥ va P. Xem canh phang 1a con lic vat Iy. M6 hinh

dong lyc hoc canh phang:
p : ¥
J ddt2 =-Mgl,, sm‘P—bOL—t+ PAIl cos¥ 2
Trong do: J: Quan tinh quay cta ban 1&.
A: Dién’tich hittu ich trén cua canh.
b: HE s6 suy giam.

C6 thé thdy, mo hinh toan ciia hé F&P rat phiic tap v6i cac thanh phan dong hoc khac nhau.
Dé thiét ké bo didu khién PID, cin thiét phai xac dinh mé hinh xAp xi tuyén tinh cta ddi tuong.
St dung cong cu System Identification Toolbox ciia Matlab, ta nhan dang dugc ham truyén cla
hé F&P nhu sau:

6(S) = —0.939S + 1.84 )
"~ S241.8235 +0.6633
2.2. Thiét ké bo diéu khién PID

Bo diéu khién PID kinh dién cho hé F&P dugc mé ta boi phuong trinh (4). Trong do, u(t) la
tin hiéu dau ra bd diéu khién, e(t) 1a sai léch glua goc dit thuc ciia canh phing va luong dat. Bai
toan dat ra 1a can phaéi tim cac hé s6 Kp, K, va Kp sao cho hé thong nhanh dat dén luong dat va
6n dinh theo thoi gian.

t

u(t) = Kpd(t) +I;—jf e(t)dt + Kd%e(t) 4)
0

C6 rét nhiéu phuong phap dé hiéu chinh thong sé ctia by diéu khién PID, pho bién nhat 1a
phuong phép Ziegler-Nichols (Z-N) [11]. Tuy nhién, d6i voi mot s6 hé théng viéc hiéu chinh b
diéu khién PID bang phuong phap nay doi hoi mdt qua trinh thuc nghiém kha mét thoi gian do
anh hudng cua nhiéu va sai s6 cta cac thiét bi 1én tin hi¢u do dan dén viéc hiéu chinh thong sd
ctia bo diéu khién PID kho dat duoc gid tri nhu mong mudn.

N[ ]
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Hinh 3. So' d6 mé phong diéu khién hé F&P ding bé diéu khién PID.
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Nghién ciru khoa hoc cong nghé

Mot cach khac dé chinh dinh céc hé s6 Kp, K; va Kp ctia bd dicu khién, d6 1a st dung céc
thudt toan t61 uwu. Mot thudt toan t61 uu kha hi€u qua ma cdc nha nghién ctru thuong sir dung do
la PSO. Trong nghién ctru ndy, ching t6i sit dung PSO dé t6i vu tham s6 cta cac bd dieu khién.

Phuong phap thue nghiém Z-N dé x4c dinh tham sé bo diéu khién PID dugc mé ta trong [1 1].
Phuong phap nay thay bo diéu khién PID trong hé kin bang bo khuech dai sau d6 tang K cho dén
khi hé nam & bién gidi 6n dinh. Liic nay ta ¢6 Kgh va Tgh. Tham sé cho bd diéu khién PID chon
nhu sau Kp= 0.6*K, T,= 0.5*Tth, T4=0.12*Tth.

Hinh 3 1a so' d6 mo phong ctia h¢ F&P voi bo diéu khién PID trén Matlab simulink va dép
ung cua bo diéu khién PID theo Z-N dugc mo ta trong hinh 4.

2.3. Thiét ké by diéu khién FLC-Sugeno

B diéu khién FCL-sugeno dugec thiét ké gdm 2 bién dau vao 1a e, ce va bién diéu khién dau
ra 12 u. Mi€n bién thién cua cac dau vao/ra ndy déu duge xac dinh trong mién chuan doi x\t’mg la
[-1, 1]. Khi “ldp” bo diéu khién vao hé thong, mién bién thién thuc s& dugc hiéu chinh vé mién
chuan dbi xtng thong bang céc hé sd Ke, Kce va Ku. Gia tri ctia cac hé sb nay duoc xac dinh
thong qua khao sat mién bién thién ciia ching tuong tmg trén hé théng voi bo didu khién PID.

-0.939s+184
2+1.8235+0.6633
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Hinh 4. So' do mé phong diéu khién hé F&P ding FLC-Sugeno.

Céc tap mo dugce lwa chon thiét ké nhu sau (bang 1):

-5 tdp mo dang hinh tam giac cho cac bién vao e, ce gdbm NB, NS, ZE, PS, PB. Céc tap mo
dugc thiét ké 1a phan hoach m& manh, c6 nghia la voi gia tri x bat ky, tong d6 thudc clia x
vao cac tap mo 1a bqng 1. i

- 7 tap mo cho bién dau ra u dang singleton gdm NB, N, NS, ZE, PS, P, PB.

Bdng 1. Ky hiéu nhan ngon ngir cho cdc tdp mo.

NB N NS ZE PS P PB
Negative Negative Negative Zero Positive Positive Positive
Big Small Small Big

- Hé luat diéu khién duoc thiét ké nhu trong bang 2.
Bing 2. H¢ ludt diéu khién ciia FLC-sugeno.

. ce NB NS ZE PS PB
NB NB NB N NS ZE
NS NB N NS ZE PS
ZE N NS ZE PS P
PS NS ZE PS P PB
PB ZE PS P PB PB
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3. TOI UU HOA CAC BQ PIEU KHIEN BANG PSO

3.1. Thuit toan PSO

Thuét toan t6i vu PSO dugc Kennedy va Eberhart dé xut nam 1995 [6], 1a thuat toan tim
kiém ngau nhién dya trén viéc md phong hanh vi va sy tuong tac cia bay chim khi tim ngudn
thirc an. Mdi con chim (hay ca thé, phan tr) trong dan (quan the) duoc dac trung boi hai thanh
phan 1a vector vi tri x; va vector van toc (dich chuyén) v;. Pong thoi mdi ca thé c6 mot gia tri
thich nghi (fitness value), dugc danh gia bang ham do dg thich nghi (fitness function). Ban dau
PSO duoc khoi tao voi vector vi tri va vector van tbc mot cach ngau nhién. Sau do, trong moi
budc 1ap cua thuat toan vector van tde v; va vi tri x; cia mdi cé thé s& duoc cap nhat theo céng
thire (5) va (6). Tai mdi budce lip, mdi ca thé chiu anh huéng boi hai thong tin: vi tri tbt nhat ma
no dat dugc cho t6i thoi diém hién tai, goi 13 Pyese jq va Vi tri t0t nhat trong tat ca qué trinh tim
kiém ciia cac cé thé trong quan thé tir trude cho téi thoi diém hién tai, goi 12 Gpest- Hinh 5 minh
hoa viéc cap nhat vi tri ciia moi ca thé theo vi tri t6t nhat clia nd va cia tat ca cac ca thé trong
quan thé tai thoi diém hién tai.

k
i ) .
Viay eyrand)(pf,., .. —x5)
...... . crand)(G,.., )

.AOX k+Y upaatea)

}:rbestiid

Gbest

Hinh 5. Mét diém t6i wu bang PSO.
Vk+1 = (l)k * Vl’lfl + Cl * Rand() * (Pbest-d - xlkd) +

i 5
CZ * Rand() * ( Gbest - xllii) ( )
xl]?_l — xllii + vllf;l (6)

k+(w — Wnin)
Kk _ _ max min 7
w Wmax iter_max "

Mbi ca thé thir id 1a mot vector P; = [pk;, p2y, ..., p&] va gia tri Ppest ia cua no duoc tinh nhu
sau:

k41 Pest, wr U fltness(xk+1) > Plicestid
Prest.ia = F00) = {fttness(x’“r1 , if fltness(xk+1) < Plfestm ®)
Gié tri Gpesy tai lan lap thir k 1a:
Grest = min(Por,,) ©)

Trong do:

- Xl-'fi va Vl-'fl 1a vi tri va van tdc hién tai cia ca thé id tai budc 1ap k; Gidi han cua van tde
dugc xac dinh trong mién [—Viax Vinax), trong do, Vi,q, 12 mot hing sé dugc xac dinh
trude.

- ® la trong s6 quén tinh thay dbi theo thoi gian, duoc thiét 1ap giéng nhu trong sd dugc
trinh bay trong [7]; giam tuyén tinh tir 0.9 vé 0.4 dya trén phuong trinh (7).

- C; va C, 12 hai nhan t6 hoc dung kiém soat mirc d6 anh huéng cua cac thanh phan x3 hoi
va nhan thirc va duoc xac dinh gidng nhu cong trinh [7] 1a: C; = C, = 2.
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Nghién ciru khoa hoc cong nghé

Hinh 6. Luu do thuc hién t6i wu theo PSO.

Khéi tao cac tham sb mo hinh

v

Khoi tao mién tim kiém
cho cac bién

v

Thiét 1ap cac di€u kién cho ham|
particleswarm()

v

Goi ham particleswarm ()

v

Luu két qua -> text file

Trong Toolbox ciia Matlab, him particleswarm() da dugc hd tro cho td1 wu theo thuat
toan PSO. Trong nghién ciru ndy, ching toi sir dung ham particleswarm() san c6 va thuc
hién theo thuét toan trén hinh 6.
3.2. T6i wu hoa b diéu khién PID

Bo diéu khién PID c6 3 hé sd can hiéu chinh 1a Kp, K| va Kp. Cac hé s6 nay 1a 3 thanh phan

ctia bién téi vu thiét 1ap cho thuat toan PSO (hinh 7). Haim muc tiéu dugc lya chon theo tiéu
chuan tich phan tri tuyét doi cia sai 1éch diéu khién (IAE):

Trong do: e(k) 1a mau dir liéu sai léch tai chu ky mé phong the k, n 1a téng sb mau di lidu

cuia mot lan chay chuong trinh

Yref

n
fitness = Zle(k)l - min
k=1

mo phong.

Kp, Ki, Kp

Y

PSO

Y
Y

v €

e u
PI[/ F&P

) 7

Hinh 7. So do t6i wu bé diéu khién PID bang PSO.

3.3. Téi wu hoa bd didu khién

FLC-Sugeno

(10)
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Dé diéu chinh hinh dang tap md hudng t6i t6i uu cho b didu khién, trong nghién ctru nay,
mot sd rang budc dugc dua vao dé han ché s6 bién can tdi wu nhu sau:
- Gia thiét cac tdp mo dugc phan hoach 1a dbi xtng trén mién [-1, 1]. Diéu d6 co nghia 13,
tap mo ZE c6 dang tam giac can.
- Tap mo ciia ham thudc NB 1a ddi ximg vai tip md PB qua gia tri 0. Tuong tu ta c6 cac cap
tap mo doi ximg qua diém 0 khéac 1a (N, P), (NS, PS).

NB NS ZE PS PBE NB N NS ZE P PpS PB

QD
[EEN
1
[REN
'
o
'
o
o
o
o
[EEN

1 . ° b
Bién e, ce Bién u
Hinh 8. So do t6i wu bé diéu khién FLC-Sugeno bang PSO.
Nhu véy, dé xay dung nén cac tap mo co tinh dbi xung, ta chi can diéu chinh gia tri cac diém

a (601 v6i bién e), b (d6i v6i bién ce)vac,d (601 v6i bién u) nhu trén hinh 8. Vay, dé t6i wu bo
diéu khién mo FLC-sugeno, ta cin tdi uu 4 bién. Mién tim kiém cho cac bién duoc xac dinh

trong khoang:
a, be[0.2, 0.75]; c€[0.25, 0.5]; de[0.5, 0.75].
So d6 t6i wu bd FLC-Sugeno bang PSO duoc thé hién trén hinh 9.

a,bcd

PSO 7
Yref e u
M > F&p
Q)

FLC-‘éugeno

Y

V"e

Y

Hinh 9. So do t6i wu bé diéu khién FLC-Sugeno bang PSO.

Sau khi chay t8i wu nhiéu 1an, ta nhan duoc cc két qua t8i wu nhu trén bang 3.
Bing 3. Cdc bién toi wu tim duoc.

PID Ke K, Ko
0.01921 0.00786 0.006745
a b C d
FLC-Sugeno 0.415205 0.650206 040148 046727
4. KET QUA MO PHONG

M6 phong hé thong voi thoi gian 15s va gia tri tham chiéu duogc thiét 1ap thay dbi nhu trong
bang 4. Két qua mé phong duoc thé hién trén hinh 10.
Bing 4. Thiét ldp gid tri tham chiéu cho mé phéng.
Thoi gian [s] 0-4 4-8 8-12 12 -15
Go6c nghiéng [d0] 45 60 30 10
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Nghién ciru khoa hoc cong nghé

70 T T

—opPID
60 - ——opFLC-Sugeno -
50+ q
40 - b

Goc nghiéng [d0]
w
o

-10 L |
0 5 10 15

time [s]
Hinh 10. Ddp itng ciia hé F&P vdi cdc bé diéu khién opPID va opFLC-Sugeno.

Trén hinh 10, dudng opFLC-Sugeno 1a dap mg ciia hé F&P véi b didu khién FLC-Sugeno
t6i uu cho thay thoi gian dap tmg 1a tot hon so véi dap ting ciia bo diéu khién PID c6 cac hé sb
Kp, K| va Kp t6i uu. Tai gidy thir 4, khi gi4 trj tham chiéu thay d0i tir 45 1én 60 va tai gidy thi 8,
khi gia tri tham chiéu thay dbi tir 60 vé 30, dap g c6 gia tri dao chidu. Piéu nay 1a phu hop voi
ham truyen ctia hé F&P khi hé s bic nhét cua tir s6 mang gia tri —0.939. Luong qua diéu chinh
khi thay d6i gia tri tham chiéu kha nho, tuy nhién con ton tai sai léch tinh. Nguyén nhén cua sy
tdn tai sai léch tinh nay la do ta da ¢ dinh gia tri tap ZE 1a dbi xUrng tai diém 0. Ta c6 thé khur sai
1éch tinh nay bang cach coi tham sb ctia tip md ZE 14 bién cin tim va tim kiém bang PSO. Ngoai
ra, khoang xac dinh ciia cac bién 1a c6 mdi quan hé nhan-qua rat phirc tap khi chinh dinh bo diéu
Kkhién. Vay, dé x4ac dinh céac hé sd Ke, Kce va Ku mét cach tbi wu, ta cd cling co thé tim kiém
bang PSO. Khi d0, chit lwong didu khién chéc chin s& duoc nang 1én.

5. KET LUAN

Trong bai bao nay, cac bd diéu khién PID kinh dién, FLC-Sugeno da duoc thiét ké va tdi wu
bang thuét toan PSO. Déi tugng dleu khién 14 hé thong F&P, 1a mot md hinh dong hoc c6 do phi
tuyén cao. B diéu khién PID duoc t6i wu thong qua tim kiém cac hé sé Kp, K, va Kp con viée tbi
wu bo diéu khién FCL- -Sugeno dugc thuc hién qua viéc diéu chinh ham thudc cua cac bién dau
vao va dau ra. P& han ché sé lugng cac bién tim kiém, trong nghién ctru nay c6 dua thém cac
rang budc vé tinh ddi xtng cua cac tdp md phan hoach trén mién xac dinh. Sau qua trinh chay
thuat toan t6i wu nhiéu 1an va mo phong két qua vai cac bo diéu khién trén Matlab simulink, cac
két qua da dugc so sanh danh gia thong qua cac chi tiéu. Két qua chi ra rang, by diéu khién FCL-
sugeno cho chét lugng diéu khién 1a t6t nhat.

Véi dé xuat diéu chinh cac tap mo dé toi uu hoa by diéu khién mo bang PSO 1a rat hiéu qua.
Két qua day hira hen nay mé ra huéng phat trién 1a tiép tuc t6i wu hod trong s6 cua cac luat didu
khién cta hé luat. Chic chén chét luong diéu khién s& con duoc cai thién.
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ABSTRACT

DESIGN OF PID CONTROLLER, FCL-SUGENO FOR FAN AND PLATE SYSTEM
USING PSO OPTIMIZATION ALGORITHM

In this paper, we present the design of PID controllers and fuzzy controllers (Fuzzy Logic
Controller - FLC) according to the Sugeno model (FLC-Sugeno) optimal based on the
Particle Swarm Optimization algorithm (PSO). The controlling object is the Fan and Plate
System (F&P). This is a strong non-linearity object. PID controller is originally designed by
Ziegler-Nichols experimental method. The FLC-Sugeno controller is a manual design with
membership functions evenly distributed over a defined domain of variables. Next,
optimization PSO is used to optimize KP, Kl, KD coefficients of the PID controller and
optimize the membership function of the FLC-Sugeno. Through simulation showed, the
controller after optimizing for the quality of control increased significantly. In particular,
the FLC-Sugeno controller produces better control results. Through research, the design of
the FLC controller with the PSO optimization algorithm is an effective method.

Keywords: PID Controller; Sugeno Fuzzy Logic Controller; Fan and Plate System.
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