ISSN: 1859-2171

e-1SSN: 2615-9562 TNU Journal of Science and Technology 225(06): 165 - 170

UNG DUNG BQ PIEU KHIEN ANFIS DUA TREN PID
CHO POI TUQNG PHI TUYEN

Chu birc Toan
Truong Pai hoc Dién luc

TOM TAT

Nhu ching ta da biét, trong nhitng nim gan day thi cac b diéu khién théng minh nhu diéu khién
mo, mang noron, mang mo - noron da va dang rat duoc quan tdm trong viéc nhan dang va diéu
khién cac d6i tugng phi tuyén. Vi vay, bai bdo nay dé cap van dé tmg dung cta bo diéu khién
Anfis dya trén PID cho dbi ‘twong c6 tinh phi tuyén trong cong nghiép. Bai bdo trinh bay mot vai
két qua nghién ctru, thiét ké bo diéu khién Anfis diéu chinh nhiét do cua 1o phan mng khudy lién
tuc. Phuong trinh vi phén cia 10 phan (ng khudy lién tuc 12 mot bai toan phi tuyén manh, viéc ap
dung cac k¥ thuat diéu khién thong thuong trong truong hop nay gap nhiéu kho khan. Cac két qua
mo phong cho thiy tinh wu viét hon cua bo diéu khién Anfis dya trén PID so vé6i bo diéu khién
khac, co duge cac dap umg tbt cho d6 chinh xéac cao duoc chi ra.

Tir khéa: B diéu khién Anfis; doi twong phi tuyén; bé diéu khién PID; mang noron; mo - Noron.
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APPLICATION OF ANFIS CONTROLLER BASED ON PID
FOR NONLINEAR OBJECTS
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ABSTRACT

As we know in recent years, intelligent controllers such as Fuzzy, Neural Network, Fuzzy - Neural
Network have been very interested in identifying and controlling nonlinear objects. Therefore, this
paper addresses the application of PID-based Anfis controllers to industrial nonlinear objects. The
paper presents some research results, designed Anfis controller to adjust the temperature of the
continuous stirred reactor. The continuous stirred reactor is quite nonlinear, the nonlinearity is
complicated to apply common control techniques in this case inefficient and difficult. The
simulation results show the superiority of Anfis controller based on PID over other controllers, get
good responses for the high accuracy indicated.
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1. Mé dau

Bai béo tac gia dé cap van dé ing dung cta
b0 diéu khién ANFIS dya trén b diéu khién
PID cho cac dbi tuong c6 tinh phi tuyén.
Trong bai bao nay, tac gia ap dung cho dbi
tuong 14 didu khién nhiét d6 cua 16 phan tng
khudy lién tuc, phuong trinh vi phan c6 tinh
phi tuyén khéa cao. Thong thuong thi rat kho
dé nhan dugc mdt md hinh chinh xéac cia céc
qua trinh hoa hoc do sy phtc tap von c6 cia
chung [1]. Mang no ron ¢6 tinh x4p xi va kha
nang khai quat héa dugc xem la ly tuong
trong viéc diéu khién cac qua trinh hoa hoc.
Do tinh tong quat quat hoa nén bo diéu khién
dua trén mang noron c6 kha nang tra 161 mot
cach thda dang cho dir li€u ma khong dugc
dao tao [2]. Hon nita, cAc mang noron c6 thé
&nh xa dong trang thai diu vao va dau ra cia
hé théng khi duoc hudn luyén diy du va tir 6
¢6 kha ning xap xi cac ham, ma trong d6 cac
ham nay dugc ung dung trong cac hé thong
nhan dang. Bo diéu khién NARMA-L2 dya
trén mang noron duoc thuc hién béng cach st
dung hai phuong phap huin luyén cu thé la:
Thuét toan Levenberg-Marquardt va Thuat toan
Gradient két hop ty 18 trong viéc theo ddi diém
dat cia 16 phan tng khudy lién tuc. Két qua cho
thay thudt toan Gradient két hop ty 1¢ wu viét
hon thuat toan Levenberg-Marquardt [3].

2. Thiét ké bd diéu khién

2.1. M6 hinh todan hoc cia lo phdn irng
khudy lién tuc

Cys T3 F |

R L L L)

CuT CuT.F
[ |$

Hinh 1. M6 hinh 16 phan ing khudy lién tuc
Hinh 1 mé ta mé hinh 16 phan ng khuay lién
tuc [4], lay bién diéu khién Ia nhiét do 10 phan
tng trong khi chi mot bién thay doi dugce do
la nhiét @6 vo bao. Vo bao dugc gia dinh la

T

dugc tron 1an mot cach hoan toan va ¢ mot
nhiét do thap hon so véi nhiét @ 10 phan ng
va do d6 loai boé dugc nhiét sinh ra trong phan
ung téa nhiét.
Dé dua ra dic tinh dong hoc cua hé thong da
cho, khéi lwong va can bing ning lugng cia vo
bao boc va 10 phan tmg duoc sir dung va dugc
mo ta bang cic phuong trinh vi phin sau day:
dC,
dt
Trong d6, V 1 thé tich chat long cua 16 phan
ng lién tuc, Ca la ndng do caa thanh phan A
trong 10 phan ung, F 1a luu lugng dong chay
Vva ra la tc do phan wng trén mot don vi thé
tich, r, duoc biéu dién nhu sau:

V—A=FC, -FC,-Vr, (1)

E
A= ko (_ ﬁ)CA 2

O day ko 12 hé sb tan s6, Ea 1a nang lugng kich
hoat, R 1a hang s6 khi 1y twong va T 1a nhiét
d6 10 phan ung. Sy can bang ning lugng 10
phan tng bang cach gia dinh thé tich khéng
d6i, hang s6 kha ning nhiét (c,) va hang sé
mat do (p), ta co:

Ve, % =Fpc,(Ty =T) +(-AH)Vr, —UA(T -T,) (3)

Trong do: -AH 1a nhiét cua phan tng, U la hé
sb truyén nhiét, A 1a dién tich truyén nhiét, Ty
la nhiét ¢6 cung cap va T; a nhiét d6 vo bao
boc. M6 hinh khéng gian trang thai nhan
duoc tir (1), (2), (3) Ia:

dc, _ _Flcy—cy-k (L, @
A= R(CAT) = (C ~Ca) ko (- 22)C,
a1 _Fo o (MH), E . UA . (5)
™ D= Tk G )

Nghiém cua phuong trinh trang thai c6 duoc
tir (4), (5) bang céch thay thé cac gia tri cua
cac tham sé c6 trong bang 1, & nhan duoc
Cas va Ts.

2.2. Thiét ké bé diéu khién NARMA-L2 dua
trén PID

M5 hinh diéu khién nhiét do cua 1o phan tng
khudy lién tuc duoc trinh bay & hinh 2, trong
d6 bo diéu khién NARMA-L2 sir dung gia tri
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dat 1a tin hiéu dau vao (Set point) va tin hiéu
diéu khién phan héi nhu tin hiéu sai léch dé
hoc hoi va thich nghi. Uu diém cua ciu tric
nay la bo diéu khién mang noron cé thé bat
dau mot cach tryc tiép vaoi hé thong da on
dinh va c6 thé nhan duoc dap tng nhanh hon.
Bang 1. Gia trj tham so cua 10 phan ing khudy

lién tuc
Tham s6 Gia tri Pon vi
Ea 32,400 Bw/Ibmol
ko 16,96*10%2 hrt
U 75 Bu/hrft?°F
pCp 53,25 Buw/ft*°F
R 1,987 Btu/1bmol°F
F 340 Ft3/hr
V 85 Ft
Car 0,132 Lbmol/ft®
Tt 60 °F
A 88 Ft?
- AH 39,000 Bw/Ibmol

C Newral

Network

|_ ControVer

(o]
(R Controfier

Hinh 2. Cdu triic diéu khién cuia NARMA-L2 dya
trén PID
2.2.1. Thiét ké bg diéu khién PID
Bo diéu khién PID (bo diéu khién theo ty 1¢ -
tich phan — vi phan) 1a mot bo diéu khién c6
hoi tiép, dau ra thay d6i twong tmg voi
su thay doi cua gia tri do. Sai léch (e) gitra gia
tri dat va gia tri do duoc sir dung dé tao ra cac
hé sb: ty 1¢, tich phan, vi phan (dao ham) ma
c6 trong so tong hop sau d6 dugc sir dung lam
bién diéu khién (CV) cho 16 phan @ng khuiy
lien tuc. Trong lwong cua cac hé sé duoc
quyét dinh theo céc thdng sb doc lap P, I, D.
Ham truyén sir dung cho bo diéu khién PID &
trong bai bao nay la [5]:
1, N,

Gl(S)=[P+|(g)+D(S+N

=
[N

) (6)

Trong d6, hé sé loc N dat vi tri cua cac cuc
trong bo loc dan xuat. Bo diéu khién PID
dugc thiét ké trong méi truong Matlab
Simulink va dat dugc cac théng sé P, | va D,
¢6 dugc bang phuong phap hiéu chinh Ziegler
Nichols.

2.2.2. Thiét ké bg d@iéu khién NARMA-L2
NARMA-L2 la mét trong nhitng bo diéu
khién thich nghi tmg dung mang noron dién
hinh. NARMA-L?2 la viét tat ciia Non Linear
Auto Regressive Moving Average model.

MGt cau trdc mé hinh chuan duoc sir dung dé
dai dién cho hé thdng phi tuyén roi rac chung
la md hinh NARMA [3], [5].

Trong 6, u(k) va y(k) la tin hiéu dau vao va
tin hiéu dau ra twong ung cia hé thong va N
1a mot ham phi tuyén. Trong sudt qua trinh
nhan dang, mang noron duogc huin luyén dé
xép xi N va m6 hinh mang noron duogc tao ra
du bao tuong lai vé dau ra ctia ddi tuong. Néu
mudn dau ra hé thong bam theo dugc quy dao
mau y(k+d) = yi(k+d), voi yr(k+d) 1a tin higu
mong mudn. Tin hiéu diéu khién thu duoc s&
c6 dang:

_ Y, (k+d) - fly(k),..y(k=n+1),u(k),..u(k —n+1)] (8)

9l(y(k),...y(k =n+1),u(k)...u(k - n+1)]
Cau tric bd diéu khién NARMA-L2 dugc
thuc hién hinh 3. Nam nghin dir liéu vé cap
nhiét do dau vao va dau ra duoc tao ra tir md
hinh 10 phan tng khudy lién tuc véi thoi gian
trich mau 1a 0,01s dé huan luyén mang noron
va duoc thé hién trong hinh 4.
Refarence

u(k+1)

Conmraller

Hinh 3. So' @6 cdu tric bé diéu khién NARMA-L2
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Hinh 4. Buong ve dit liéu hudn luyén cho bg diéu
khién NARMA-L2
Bo diéu khién mang noron bao gom 3 16p
an, 2 tin hiéu dau vao tré va 3 tin hiéu dau
ra tr& duoc huan luyén bing thuit toan
Levenberg-Marquardt cé sir dung ham chirc

nang trainlm [6].

Levenberg-Marquardt 1a x4p xi héa cua
phuong phip Newton va la thuat todn lan
truyén nguoc nhanh nhat ¢ trong hop céng cu
MATLAB NN. Qua trinh huan luyén str dung
100 vong lap; va sai sd binh phuong trung
binh dugc sir dung nhu 1a chat lugng ma giam
khi qué trinh huan luyén mang tién 1én va
duoc dua ra ¢ trong hinh 5.
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Hinh 5. Sai s¢ trung binh cia hudn luyén

2.3. Thiét ké bj diéu khién ANFIS duwa trén PID
ANFIS, duoc dé xuat boi J.S.R. Jang [7], [8],
1a mot khai niém vé mo phong két ndi cua hé
théng mo va mé hinh suy luan T-S. Déi véi
hé thdng nay ta sir dung hai dau vao va mot
dau ra, mo hinh T-S bac nhit dung dé thiét ké
cau triic diéu khién ANFIS duoc hién thi nhu
trong hinh 6.

D—O— ANFIS

it Controller

Hinh 6. Cdu triic diéu khien ANFIS
Hai dau vao cua bo diéu khien ANFIS la: (1)
nhiét do 10 phan ung duoc diéu khién PID la
dau vao sai léch va (2) sai léch dén bo diéu
khién PID la toc do thay ddi cua sai léch. Pau
tién, ta can thu duoc dit liéu huin luyén tir cau
truc diéu khién PID duoc hién thi trong hinh 7.

Hinh 7. Cdu trlc diéu khién PID
Dé thu thap 1,501 mau cua cap dit liéu dau
vao va dau ra, ta st dung ode3 solver véi
buéc thuc hién la 0,01s va thoi gian mo
phong 1a 15 gidy. Cudi cung, dir liéu duoc
nap vao trinh soan thao anfis nhu thé hién
trong hinh 8.

Trmrmg Dt (mea)

Hinh 8. Puong vé dir liéu hudn luyén trong trinh
soan thao anfis

Tép tin FIS sir dung phan vung ludi vai bay
ham thanh vién Gaussian cho mdi dau vao va
dau ra tuyén tinh duoc tao ra. Cudi cung, tép
tin FIS duoc huin luyén voi téi wu hoa lai,
véi dung sai 18i bang khéng va thyuc hién hang
tram 1an lap. L3i hudn luyén xuét hién 1a ¢
5,5349 nhu thé hién trong hinh 9. Quan sét bé
mat luat diéu khién cia ANFIS dugc thé hién
trong hinh 10.
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Hinh 10. Bé mg diéu khién cua lugt ANFIS

3. M6 phéng va két qua

Dé diéu khién nhiét do 10 phan ung khuay
lien tuc, bo diéu khién NARMA-L2 va
ANFIS dya trén PID duoc thuc thi thanh cong
& trong moi truong Matlab Simulink. Két qua
md phong cho gia dat 80°F dugc thé hién
trong hinh 11.

e |
| —
———

Hinh 11. Bdp ing thoi gian cua bg diéu khién
NARMA-L2 va b¢ diéeu khién ANFIS
Dic diém ky thuat ¢ trong mién thoi gian cho
viéc diéu chinh nhiét d6 cua 10 phan ung
khudy lién tuc voi cac bo diéu khién dé& xuat
duogc dua ra trong bang 2.

Bang 2. Tém tat cac két qua

B diéu khién  Bj diéu khién
Tham s ANFIS NARMA-L2
Thoi gian qua
do (s) 1,9 2,2
Do qué diéu
chinh (%) 17,5% 19,6%
Sai léch tinh
(ess) 0 0

Pap Gmg dau ra cua hai bo didu khién
NARMA-L2 va b diéu khién ANFIS véi gia
tri dat dau vao thay doi (Reference), duoc thé
hién trong hinh 12.

T I

Hinh 12. Hiéu sudt tham chiéu cza bé diéu khién
NARMA-L2 va bg diéu khién ANFIS
Qua cac két qua nay, cac tac gia da ching
minh dwoc sy vuot troi cua giai phap diéu
khién da dé xuat. Cac chi tiéu chat luong diéu
khién do bo diéu khién ANFIS mang lai tét
hon so vé&i cac giai phap diéu khién truyén
thdng va bo diéu khién NARMA-L2.
4. Két luan
Trong bai bao nay, bo diéu khién NARMA-
L2 va bo diéu khién ANFIS dua trén PID da
duogc thyc hién thanh cong dé diéu khién va
diéu chinh nhiét do trong mot 10 phan ng
khudy lién tuc. Két qua md phong cho thay,
bo diéu khién ANFIS dua trén PID da dugc
cai thién tot hon kha nang tin hiéu dau ra bam
sat tin hiéu dau vao so véi bo didu khién
NARMA - L2.
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