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ABSTRACT

This paper studies about the structure of RBF neural network, applied to
identify and control objects. Selected object is a stirring tank system
model, being a non-linearity model in some point of time. The stirring
tank system required to reach to the desired temperature in a certain
range of time, and to avoid overshooting and steady-state error. To
achieve this requirement, an intelligent controller with one neuron PID
controlled algorithm has been applied; an object identifier using RBF
neural networks, with online training algorithms has also been
developed. MATLAB simulation results show that the control system
works stably and sustainably under the impact of interference.

TOM TAT

Bai bdo nham nghién cieu cdu triic cia mang no-ron RBF, dp dung dé
nhén dang va dieu khién dél tuong. Ddz tuwgng dugc chon la mé hinh hé
bon khudy, cé tinh phi tuyén ¢ mot $6 thoi diém. Hé thong bon khudy yéu
cau phai dat nhiét do mong muon trong mot thoi khoang nhat dinh, tranh
vot 16 va sai s6 xdc ldp. Pé dip ung yéu cau nay, mét bg diéu khién
théng minh véi thudt todn diéu khién PID mét no-ron da dwoc dp dung;
mot bo nhdn dang doi twong dimg mang no-ron RBF, véi gidi thudt hudn
luyén truc tuyen ciing dwoc xdy dung. Két qua mé phong trén MATLAB®
choNthay hé diéu khién hoat dong on dinh va bén vitng dwoi tac dong cua
nhiéu.

Trich dan: Nguyén Truong Sanh va Nguyén Chi Ngon, 2017. Thiét ké bd nhén dang va diéu khién thong
minh 16 nhiét. Tap chi Khoa hoc Trudng Pai hoc Can Tho. 53a: 29-37.

1 GIOI THIEU

mot s6 hé théng, viée hiéu chinh b diéu khién PID
bang phuong phap nay doi hoi mét qué trinh thyc

Bo diéu khién PID (Proportional-Integral-
Derivative controller) dugc tmg dung rat phd bién
trong diu khién cic qua trinh «cong nghiép, do kha
ning diéu khién hiéu qua, cdu tric don gian va
pham vi Ung dung rong (Astrom et al., 1993;
Salami and Cain, 1995). Nhung bo diéu khién PID
thong thuong véi cac thong sé ¢ dinh kho co thé
thich rng vai thoi gian khac nhau véi cac dac tinh
trong pham vi rong. Trong ly thuyét diéu khién co
rt nhiéu phuong phap dé hiéu chinh thong s cia
bd diéu khién PID, phd bién nhét 1a phuong phap
Ziegler-Nichols (Astrom, 1995). Tuy nhién, dbi véi
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nghiém kha mat thoi gian (Jones and Oliveira,
1995). Viéc thiét 1ap cac hé sé cua bo didu
khién PID cb dinh, trong nhiéu trudng hop né to ra
kém hi¢u qua khi dic tinh dong cua ddi tuong
thay d6i (Jantzen, 1998). Van dé dit ra 1a 1am thé
nao dé c6 thé thay doi tham s cua bo dicu
khién thich nghi voi sy thay d6i cua ddi
tugng hodc véi su tac dong cua cac diéu kién bén
ngoai mdt cach don gian va hi¢u qua. Ngoai ra,
mot van dé can quan tdm nita 13 viéc chinh dinh b
diéu khién PID trong truong hop nay chi can
dwa trén sy bién doi dap ung cua hé thong
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ma khong can biét trudc phuong trinh toan cua
dbi tuong, vén kho dat dugc mot cach chinh
xac trong thuc té (Schleicher and Blasinger,
2003).

Trong qua trinh phat trién cac ky thuat
diéu khién thong minh, mang no-ron dugc quan
tam nhiéu. Kha nang ty hoc cua mang no-ron co
mot loi thé manh so véi nhidu phuong phap diéu
khién c6 dién, hién dai. Mang no-ron nhan tao bét
dau dé tao ra mot chan troi mai trong linh vue
klem soat hé thong nham tim hiéu va giai quyét
van d& diéu khién phi tuyén, noi ma phuong phap
diéu khién truyén thong da that bai.

Mang truyén thing nhiéu tang (multilayer
perceptron-MLP) dung dé noi suy va xap xi ham
nhiéu blen Mang nay dang st dung rong rai dé xap
xi ham s6, nhung né khong dam bao duoc bai toan
ndi suy va kho chon s6 no-ron an phu hop. Nhugc
diém co ban ciia mang MLP 1a thoi gian huan
luyén 1au va thudng chi tim dugc gan dung cuc tri
dia phuong. Mang RBF (radial basis functions) la
mot Iya chon dé khic phuc nhugc diém nay. Uu
diém cua mang RBF (Lee et al., 1999) 1a thoi gian
huén luyén nhanh va luén dam béo t&i hoi tu dén
cy tri va toan cuc cua sai s trung binh phuong.
Vi cac ham co s& ban kinh ¢6 tam 1a cac méc ndi
suy thi c6 thé cho 101 giai cua bai toan ndi suy. Vi
vay, cung voi mang MLP, mang RBF to ra 1a mot
phuong phap hiéu qua va dugc tmg dung rong réai
dé noi suy va xap xi ham nhiéu bién.

2 PHUONG PHAP NGHIEN CUU
2.1 Giéi thi¢u doi twong

Trong moi linh vuc san xuét luén ludn lic nao
cling ton tai cac hé théng nhiét phuc vu cho san
xudt goi chung la Lo Nhiét. Pbi v6i nghién ciru
nay thi ddi tugng Lo 1a hé thong bon khudy véi
moi truong gia nhiét 1a loai dung dich hoa chét
trong san xuat cic dung dich néng do cao trong
cong nghiép, ciing nhu trong ché bién thyc phim
n6 doi hoi qua trinh gia nhiét rat khic khe nham
muc dich bdo quan céac san phém dat chat lugng,
dap ung nhiét nhanh, an toan, tiét kiém nang lugng.

2.2 M0 ta h¢ thong

Hé théng nhiét theo nghién ciru cia Omatu et
al. (2012) duge md ta & Hinh 1.

Hé théng co dic tinh dong c6 tinh phi tuyén
gdm céc thanh phan sau: bon chita dung dich chat
long, cam bién nhiét do, bd cap nhiét, bo khudy.
V6i dau vao bon 1a dung dich lanh va déu ra la
dung dich néng tuy theo gia tri dat tai thoi diém
xac dinh, dong chay cua dau vao va du ra déu nhu
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nhau, khoi luong dung dich trong bdn 1a khong doi.
Thé tich bon 8 dm?® (Kich thuge 1a 250x290x100
(mm?)).

Cam bién
B6 khudy
Dung dich vao X
—3
% g B6 pia nhiét
Dung dich ra
T —

Hinh 1: M& ti h¢ thong

Cong suat gia nhiét 600 w (su dung thyristor
SJ6G12S-12 1am phan tir dleu tiét cong suat). Sir
dung mot motor khudy téc do6 xoay 120 rpm
(vong/phut).

2.3 Phuwong trinh toan

Phuong trinh cho hé thong dong cua viée kiém
soat nhiét do dung dich dugc chon theo (Verma et
al., 2012) nhu sau:

dl F

dt

0
Al T)+pVC

P

(M

trong d6, T : nhiét 46 bé; F : toc do dong chay,
T : nhiét 6 dau vao, V : thé tich bé, Q' dau vao

nhiét, C p trong lyc riéng, p : mat do dung dich.

Tir phuong trinh trén dwa vé mién thoi gian lién
tuc:

day(t F(t t

@) _FO_ » _»0) @)

dt C RC RC

trong d6, ¢: biéu thi thoi gian, y(¢) : biéu thi

nhi¢t 46 dau ra, F(¢): biéu thi dong nhiét chay

vao bén trong hé thong, Yo biéu thi nhiét do

phong (nhiét d6 ban dau), C': biéu thi cong suit
nhiét (nhiét dung), R : biéu thi nhiét dién tr& giita
hé thong ving bién véi moi trudng xung quanh
(nhiét trg).

Gia sir rang R va Cvé co ban kh6ng thay doi.
Ta viét lai h¢ thong (3) chuyén sang mién roi rac
v6i mot sb xap xi theo (Tavoosii et al., 2011) nhu
sau:
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y(k+1) =exp(—=aT)y(k)
ﬂ (1 exp(—aT))

1+ exp(O S5y(k)—40) u(k) )

+(1—exp(=aT))y,

Tham s a = 1.00151x10™ va B = 8.67973x
10*,y,= 25°C dugc thu thap tir nghién ciu
(Verma et al., 2012) bon dung dich thyc té.

Lay bién doi Laplace cua phuong trinh (2), thu
duoc:

F(s) , 2(s)_Y(s)
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Lay bién d6i Z ctia phuong trinh (8) dugc:
Y(z) bz
U(z) (z-a)(z-1)

Heé s6 a, b 1a mot sb gia tri khong d6i tuy thudce
vao nhiét tré' R va nhiét dung C.

G(z)= (€))

Céc thong 6 con lai cé thé duoc thé hién bﬁng
cach bicu thi béi mot s6 hang so gid tri o va B phy
thudc vao R va C thé hién nhu sau:

aze’“T,bzﬁ(l—e’“T) (10)
a

Ham truyén hé thong:

sY(s)= “)
bt ae Lyl s () (z —0.9969)(z—1)
RC C Thoi gian iy mau: T >= 30 gidy.
U(s)= F(S) ayO (5) (6) Phuong trinh (11) viét lai nhu sau:
¢ b 0.26
Tir (4) viét lai' Gz =B _ : .26z (12)
U —1.9969z +0.9969
Y(S)(S+ )_ F(S) yO(S) (7) i .EZ) .(ZZ Z )
RC 2.4 B9 dieu khién PID
T (5) va (6) ph“‘mg trinh (7) trg thanh: B¢ didu khién PID duoc thiét ké nhu Hinh 2.
Y(s) b
G(s)=—~—=—— ¥
U(s) s+a
Ty 16
» K,
Tich phan
Tin higu &4t :l-/_|3 ‘ X, . f! 5\ Tin hiéu diéu kh.lf.‘n
! 1=z AL i
Vi phan
K,a-2

Hinh 2: B di¢u khién PID

Tich phén sai léch e(7) theo thoi gian ¢, :

1 k
je(z‘)dr = Ze(tl.)At (13)
0 i=l1

Phuong trinh trén dugc viét xap xi nhu sau:

de(t,) _ e(t,)—e(t, )
dt At
Thuét toan ctia bo diéu khién PID:

(14)
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u(t,)=ut, )

At T, 2T, (15)
+K, |:(1+7;+At)e(tk)+(_l_ Je(t;. 1)+A e(t, 2):|
voi: Ti:—P,Td:& (16)
K, K,

2.5 Thiét ké bd diéu khién RBF

B6 diéu khién RBF chinh 1a bo diéu khién PID
thich nghi mot no-ron mang RBF, cho thiy & Hinh
3 14 so db diéu khién vong kin cua hé thong dugc
thiét k& nhu sau:
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/L\ © | BODIEU KHIEEN
Ny

EBF
Iy

1 Jacobian

‘
L. +
B nhin dang  —

— mang neural RBF ="

Z—l

Hinh 3: So d6 bj diéu khién RBF

Dbi twong diéu khién 1a hé thdng c6 dic tinh
ddng, co tinh phi tuyén va khong can biét chinh xac
céc tham s6 cua n6. B nhan dang khong tham )
md hinh déi trong ding mang no-ron ham co s&
xuyén tim dugc cap nhat online nhim huin luyén
tryc tuyén udc luong thong tin dd nhay cua hé
théng. Tin hiéu sai 1éch, tin hi¢u Jacobian dugc cap
nhat lién tuc dua vao thuat toan PID bén trong bd
diéu khién RBF. Mang no-ron RBF ¢6 nhiém vu
cap nhat cac trong s6 ¢,b,w nham dua cac trong )
t6i wu dé co thong tin d6 nhay kip thoi theo thoi
gian t va cac thong s6 diéu khién P, I, D s& duoc
hi€u chinh thich nghi.

2.6 Thuit toan nhan dang théng s dd nhay

Goi h/’ la vector ban kinh cua mang RBF thong

qua ham Gauss da bién.

2
<<
h, = eXP(z—bz) (17
J
Vector trong s clia mang :
T
w :[wl,wz,...wj...wm} (18)

Ngo ra mang c6 thé viét:
v, (K)y=w,+wh+wW,h, +..+wW h,

" 19
=W0+Z]:thj (1)
J=

Chi s6 hiéu suat cua bd diéu khién:

J; =5 003, (K 20)
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Theo phuong phap gradient descent, thudt toan
lap di lap lai cta trong so:

w, (k) =w (k=D +n(y(k) -, (K)h,
+a(w,(k=1)-w,(k-2))

@

Théng s6 nat ban kinh nhu sau:

Ab. = (y(k)- HX_CJHZ
y =) =y, ()W b, —s (22
J

by () =b,(k—1)+13, +ab, (k=) b, (k—2) 23)

Théng s6 nat trung tam:
2
s, = 0—y. oy 2L
Cji (V(k)=y,( ))Wj 52
J

c;(k)=c,(k=D)+nAc, +a(c,(k-1)

(25)
—Cji (k—-2))
véi: 77 1a tde do hoc, o 1a mo men.
Ma tran Jacobian c6 thuit toan nhu sau:
k m cC.—X
ay(k)zaym( ):zwjhj Ji - 1 (26)
ou(k)  ou(k) 4 b’
trong do: x, = u(k) 27)

2.7 Thuit toan cap nhat trong s P,LD sir
dung mang neural RBF

Bo diéu khién PID thich nghi dya trén nhan
dang mang neural RBF c6 cau triac bi€u hién trong
Hinh 4 duéi day:
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Ael
n du(k) _  u(k)
Ae2 PZ‘ > % '
e [ = o
PB.q. ................. Jacobian

Hinh 4: Céu triic mdt noron

trong do: 3 thong sb Kp, K., K, dugc sta

d6i on-line bang cach sir dung cac két qua nhan
dang xac dinh tir b nhan dang.

Phuong trinh toan by diéu khién PID sb duoc
thiet 1ap nhu sau:

u(k) =u(k —1)+(k,Ael + k,Ae2 + k,Ae3) .(28)

Sai bi¢t ¢ thoi gian th £ gilta tin hiéu tham
khao Vrer vadap ung y hé thong:

e(k) =y, (k) = y(k).

V6i chu ky ldy mau Ts, thi 3 ngd vao cla bd
PID s0 dugc xac dinh:
=Ael =e(k)—e(k-1),
x, =Ae2 =T e(k),

(29)

(30)

X, =Ae3 = %[e(k) —2e(k—1)+e(k— 2)].

s

Céu triic by diéu khién PID mot noron tuyén
tinh trén Hinh 4, 4p dung trong nghién ctru nay
duogc bicu dien boi phuong trinh (31) :

n=(w,Ael+w ,Ae2+w, ,Ae3)

du(k)=f(n)=n
u(k) = u(k - 1)+ du(k)

G

trong do:

Wi,i(K) =123 1a cac trong s6 két nbi cua noron,
chinh 13 b ba thong sd Kp, Ki, Kd cia bd dicu
khién PID va céc thong ) nay duoc cap nhat truc
tuyén trong qua trinh diéu khién. Huén luyén truc
tuyén b6 didu khién PID mot no-ron: Muc tiéu cia
qué trinh hudn luyén bo diéu khién PID mot no-ron
1a diéu chinh bd trong 6 wii li=1,2,3 cla mang dé cuc
tiéu hoa chi phi.

B =1 W) =1, 0 -y®)]

33

D¢ diéu chinh bd trong s6 wi,i(k) 123 , theo
phuong phap giam d6 doc dugc ap dung:

Kp=W“(k+l)=wll(k)+AW“(k). (33)
K =w,(k+1)=w,(k)+Aw,,(k). (34)
K,=w,(k+1)=w,(k)+Aw (k). (35)
trong do6: Aw,i(k) i=1.2,3 1a cac gradient xac dinh

béi (36), (37) va (38), dugc kiém ching thanh cong
bdi (Zengu et al., 2012):

-y

_k, OE(k) oy(k) ou(k)
ay(k) ou(k) ow,,(k)

e @) 5,

ou (k)
(5
Aw ,(k)=n [ awu(k)]
4 OE(k) ay(k) ou(k)
— " au(k) du(k) ow,, (k)

= ey 2 peo.

ou(k)
o 0E®)

Aw s (k)=n ( 6w13(k)J

v, OE(k) oy(k) Ou(k)

Ay(k) Ou(k) ow (k)

ey 20 p s
ou(k)

véi: n" ‘k =k,,k,k, lacac hing s6 téc do
hoc; Ael, Ae2 va Ae3 xac dinh theo (30);

(36)

(37

(3%
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M 12 d nhay cua dap ung ddi voi tin hiéu
ou (k)
diéu khién, con goi 1a thong tin Jacobian, dwoc xac
dinh thong qua bd nhan dang mang no-ron ham co
sO xuyén tam.
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3 KET QUA MO PHONG

3.1 Mb hinh bj diéu khién PID trén mé phong

Thiét ké so d6 bo diéu khién PID, ¢6 tic dong
cua nhiég vao hé thong, so do hé thong nhiét mo
phong biéu thi & Hinh 5.

Band-Limited

J_l i White Noise

L]

Set Temperature Cven Temperature

PID Controller

Pl 1
RE Scopel

Clock To Workspace 1

To Workspace 2

Hinh 5: So d6 b diéu khién PID

3.2 B{ diéu khién PID thich nghi mang no-
ron RBF
B diéu khién PID thich nghi mang RBF dugc

thiét ké nhu Hinh 6, c6 nhidu tic dong vao h¢
thong kiém chung tinh on dinh ctia h¢ thong.

=L

Set Temperaturs
e
|:| REF CONTROL

Clock o Work:

REF_IDENTIFIER

Hinh 6: So d6 diéu khién PID thich nghi mang RBF

3.3 Cic tin hi¢u nhiéu

Céc tin hiéu nhiéu véi bién d6 khac nhau duogc
dua vao hé thdng dé danh gia tinh 6n dinh cia bo
diéu khién, trong d6: tin hiéu nhidu 1: 1a tin hiéu
nhidu tring v&i bién do 1a [1e-4], thoi gian 1dy mau

12 0.01s (sec). Tuong ty tin hi¢u nhiéu 2, tin higu
nhiéu 3: 1an luot chon bién d6 [1e-6], [1e-8] cac tin
hiéu nay s& duoc cong vao hé théng dé danh gia bo
diéu khién.

Tin hiéu nhiéu 1 c¢6 dang Hinh 7 duéi day:

Noise1: [1e-4]

0.4

0.2+
&
S 0 | ‘”
£
<

-0.2

-0.4 L |

0 5 10 15
time(s)

Hinh 7: Tin hiéu nhiéu 1

3.4 Dap ung véi tac dong ciia nhiéu 1

Hinh 8 d4p tmg cho tir b diéu khién PID, Hinh

9 dap tmg cho tir by didu khién RBF.
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Set temperature

Set temperature

Nhén xét: Két qua dép tng tir bo diéu khién
RBF gan nhu khong c6 vot 10, trong thoi gian rat
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Response-1 of PID controller

80
yref
60 L —"" \ y |
40+ E
20+ B
O |
-20 L L 1 1 L
20 40 60 80 100 120
Time(s)
Hinh 8: Pap tng 1 ciia bd diéu khién PID
Response-1 of RBF controller
80 ‘ ‘
yref
P y
60 - B
40 R
20 B
O 1 1
5 10 15
Time(s)

Hinh 9: Pap tng 1 ciia by didu khién RBF

diéu khién PID mat khoang 33s mdi xac 1ap, bd
dicu khién nay cling cho thay khong ton tai vot 10.

ngin khoang 0,8s xc 1ap, lan ddt nhiét do ké tiép 3.5 Dap tng voi tac dong ciia nhiéu 2
hau nhu vot 16 ciing gan bang 0. Trong khi d6, bd Hinh 10 dap mg cho tir bd didu Khién PID,

Set temperature

Hinh 11 dap tmg cho tir bo diéu khién RBF.

Response-2 of PID controller

80

60

[ — =

yref
y |

40}

20

1
20 40 60 80 100 120
Time(s)

Hinh 10: PAap vng 2 ciia b diéu khién PID
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Response-2 of RBF controller

80 T \
yref
V y

60 B
o
5
®
@
Q H .
g 40
i)
©
(%]

20 B

0 1 1
0 5 10 15

Time(s)

Hinh 11: Pap ng 2 cia b diéu khién RBF
Nhén xét: Két qua dap tmg tir b diéu khién 3.6 Dip img véi tac djng ciia nhiéu 3
RBF gan nhu khong c6 vot 10, trong thoi gian rat Hinh 12 biéu thi dp tmg cho tir b diéu khién
ngan khoang 1Is xdc lap, lan dat nhiét do k€ ti€p  pIp, Hinh 13 biéu thi dép ting cho tir bd didu khién
hau nhu vot 16 cling gén bang 0. Trong khi do, bd RBF.
dicu khién PID mat khoang 33s mdi xac 1ap, bd
di€u khién nay ciing cho thay khong ton tai vot 10.

Response-3 of PID controller

80 ‘ ‘
yref
60 L—" \ —y |
g
£ 40t .
[0]
Q
IS
2 20l i
ko)
(%}
0 -
-20 1 1 1 1 L
0 20 40 60 80 100 120
Time(s)
Hinh 12: Pap ng 3 cia by diéu khién PID
Response-3 of RBF controller
80
P yref
y —y
60 [y Sm— B

Set temperature
N
o

N
o

0 5 10 15
Time(s)

Hinh 13: Pap ng 3 ciia by diéu khién RBF
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Nhin xét: Két qua dap tng tir by diéu khién
RBF c6 vot 16 rat bé trong thoi gian ngin, va mat
ti da khoang 1.4s xac lap, lan dat nhiét do ké tiép
hau nhu vot 16 ciing rat bé va vot 16 triét tiéu ¢ lan
dat nhiét do tiép theo. Trong khi do, bo diéu khién
PID ciing mat khoang thoi gian gan 33s mdi xéac
lap.

4 KET LUAN

Qua mé phong cho thiy bé diéu khién RBF da
thiét ké va hoat dong tot ddi voi hé bon khudy co
dic tinh dong. K thuat diéu khién nay c6 vu diém
nhén dang rat tot thong s6 do nhay mdt cach truc
tuyén nh¢ thuat toan nhan dang mang no-ron RBF,
mic du c6 sy tac dong cua nhidu véi cac cong suét
nhidu khac nhau dua vao hé thdng nhung bo didu
khién van dam bao duoc chat luong diéu khién. Cu
thé trong thoi gian ngan, tdi da khoang 1,4s dap
{mg tin hiéu bam tdt tin hidu tham khao véi thoi
gian tang va thoi gian xac 1ap kha nhanh, khong c6
vot 16 va triét tidu sai sO xac lap. So véi bo diéu
khién PID cho thdy thoi gian xéac 1ap rat ngén hon
nhiéu trong khi bo diéu khién PID mét khoang hon
33s. Nghién ctru nay ciing gép phan chimg t6 uu
diém cua giai thuat PID mot no-ron st dung thuét
toan RBF di dé xuét so véi cac giai thuat da cong
bd (Verma et al., 2012) cho cing dbi tuong.
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