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TOM TAT

Nghién ctru nay kiém nghiém b6 diéu khién PID mét no-ron hdi quy trén thiét bi on
dinh luu luong chét 16ng RT020 ctia hang Gunt-Hamburg. B6 didu khién PID s6 duoc t6
chire dudi dang mét no-ron tuyén tinh hoi quy. Céc trong sb két ndi ciia no-ron twong u:ng
v&i ba thong s6 K., K, vaK cua bo PID, c6 thé huan luyén truc tuyen trong qua trinh diéu
khién. Giai thuat huan luyen nay cho phép tu dleu chinh thong s6 cua bo diéu khién theo
su bién d6i cua dbi tuong, dya theo thong tin vé do nhay cua ddi tugng, goi la thong tin
Jacobian. Mot mang no-ron ham co s xuyén tam RBF ciing duoc huan luyén tryc tuyén
dé nhan dang khong tham s6 mo hinh d6i twong, nham xac dinh thong tin Jacobian nay.
Két qua thuc nghi¢m trén thiét bi RT020 va so sanh v&i bd PID do nha san xuét cung cép,
cho thay bo diéu khién PID mét no-ron hdi quy c6 kha ning tw chinh trong qué trinh diéu
khién; dap ung qua do cua ddi tuong dugc cai thién vai thoi gian xac 1ap dugce rit ngén,
d6 vot 16 thap va sai sé xac 1ap duoc triét tiéu.

Tir khoa: Bo diéu khién PID sd, 6n dinh luu luong, mang no-ron ham co sé xuyén
tam, Jacobian
ABSTRACT

This study aims to experiment a recurrent single neural PID controller on RT020 liquid
flow control system of the Gunt-Hamburg. The digital PID controller is organized as a
recurrent single neuron. The weights of neuron correspond to three parameters K , K  and K.
of the PID and can be trained online during the control process. This training algorithm allows
the self-adjustment of the parameters of the PID according to the change of conditions, and
based on the controlled plant's sensitivity, this is so called Jacobian information. A radial basis
function (RBF) neural network is also trained online for non-parametric model identification,
in order to estimate the Jacobian information. Experimental results on the RT020 device and in
comparison with the PID controller provided by the manufacturer show that the recurrent single
neural PID controller can be self-tuning during the control process, the transient response is
improved with reducing setting time, low overshoot and eliminated steady-state error.

Keywords: digital PID controller, flow control, radial basis function neural network,
Jacobian
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1. Gidi thiéu

Mac du dugc st dung rong rai trong
cong nghiép, nhung bo diéu khién PID [1]
véi cac thong s6 cai dat c6 dinh kho thich
ung voi su bién d6i déc tinh dong cua ddi
tuong [2]. Viéc tu chinh dinh thong sb cia
bd PID thich nghi duogc nhiéu nha khoa hoc
quan tdm. Thong thuong, dé thich nghi cac
thong sb bo diéu khién, mot bd quan sat can
duoc thiét 1ap dua trén mo hinh toan cua
d6i tugng. Pidu nay trong thyc té& khong
phai lic nao ciing dat dugc. Vi vay, nhiéu
nghién ctru chon gidi phap nhan dang mo
hinh khong tham sé ciia di tugng, thay vi
phai xdy dung mo6 hinh toan cua nd. Trong
[2, 3], cac tac gid sir dung mang no-ron mo
hdi quy (recurrent fuzzy neural network)
dé nhan dang mé hinh cta dbi twong, nham
cung cip thong tin Jacobian cho giai thuat
cap nhat truc tuyén (online) trong s6 két ndi
ctia bo diéu khién PID thich nghi. Trong cac
nghién ctru [4, 5], cac tac gid da 4p dung
thanh cong giai thuat huan luyén truc tuyén
b6 diéu khién dung mang no-ron nhéan tao.
Tuy nhién, vadi giai thudt gradient descent,
viéc huin luyén tryuc tuyén bd nhan dang
doi hoi thoi gian dé giai thuat hoi tu. Didu
nay anh hudng dén thoi gian qua do cua hé
thong, cu thé 1a lam kéo dai thoi gian xac
1ap cua dap ung. Dé don gian hoa ciu trac
mang, nham cai thién téc do hoi tu cua giai
thuat huan luyén bo nhéan dang, trong [6-8],
cac tac gia st dung mang no-ron ham co
so0 xuyén tam (RBF - radial basis function)
thay vi sir dung mang no-ron mo hoi quy.
Céc nghién ctru gan day da phat trién thanh
cong bo diéu khién PID thich nghi mét no-
ron c6 kha nang huan luyén truc tuyén, véi
bd nhan dang thong tin Jacobian béng mang
no-ron RBF [9-12]. Tuy nhién, cac nghién
clru nay chu yéu tap trung vao viéc phat trién
giai thuat va minh hoa két qua thong qua
md phong trén may tinh. Cac nghién cuu
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[13-16] da tong hop va hoan thién vé mat 1y
thuyét ky thuat xay dung bo diéu khién PID
dung mang no-ron. Tuy nhién, cac nghién
ctru nay chi dung lai & miic 46 mo6 phong.
O nghién ctu [13], bd diéu khién PID no-
ron dugc thuc nghi€ém trén mo hinh con lac
nguoc quay, nhung két qua cho thay thoi
gian hoi tu cta cac thong s6 cta bo PID céan
dén 25 gidy moi dat gia tri can thiét. Trong
[17, 18], b PID mét no-ron dugc ap dung
trén hé 6n dinh 4p suit voi thoi gian hoi tu
clia cac thong sd ctia bo diéu khién nhanh
hon. Tuy nhién, dap g tong thé cta hé on
dinh ap suat con cham, can khoang 10 gidy
mai xac 1ap duoc.

Do6i véi hé didu khién on dinh luu
luong chét 1ong von duoc timg dung nhiéu
trong cong nghiép dugc pham, giai khat
hién nay, ¢ nghién ctru [19], tac gia dung
bd diéu khién tich phan ty 16 mo (Fuzzy
PI) dé kiém soat thiét bi RT020. O nghién
ciru [20], cac tac gia di thuc hién diéu
khién thuc nghiém h¢ 6n dinh luru luong
chat 1ong RT020. Tuy nhién, b diéu khién
giam sat cua nghién ctu nay dua trén ky
thuat diéu khién truot thich nghi, vén cham
va tiém 4n nguy co dao dong ¢ tin hiéu diéu
khién, gdy nong bo chuyén mach cong suét
diéu khién.

Nghién ciru ndy nham phat trién bo
diéu khién PID mét no-ron theo cdu trac
hoi quy két hop véi ky thuat nhan dang mo
hinh d6i twong ding mang no-ron RBF cho
dbi tuong chua xac dinh dugc tham $0.

2. Phuwong phap nghién ciru

2.1. Déi twong diéu khién

Céu tric ciahé 6n dinh luu lugng RT020
duoc trinh bay trén Hinh 1. Chat long trong
bon chira (5) duoc bom vao mang diéu tiét
bang may bom (4). Luu luong chét long &
trong mang c6 thé tang hay giam duoc bang
valve tiét Iuu (2) hodc thay doi cong suat
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may bom (4). Tinh trang hoat dong va céc
cong tac diéu khién duoc bd tri trén bang
(3). Luu lwong chét 1ong trong mang duoc
do boi cam bién (6), dong thoi biéu kién
boi luu luong ké kiéu phao (1). Nhiém vu
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clia bo diéu khién 13 kiém soat cong suit
ctia valve tiét luu (2) dé luu lugng chit long
trong mang duoc duy tri ¢ trang thai on dinh
ma nguoi van hanh dat trudc, bu tror dugce
v6i bién d6i cia toc do bom.

6 5

&

urchflulirmgeiing
Flow Caner:

1: luu luong ké kiéu phao, 2: valve tiét luu, 3: bang hién thi va diéu khién,
4: bom, 5: bon chtra, 6: cam bién luu lugng
Hinh 1. Cdu tric hé 6n dinh Iuu lugng RT020

RT020 1a mét hé diéu khién MISO ¢6 2
ngod vao va 1 ngd ra. Trong do, ngd vao Y la
cong sudt valve tiét luu, c6 gia tri nam trong
[0, 100%]; Z 13 cong suit may bom, c6 gia
tri ndm trong [0, 100%]; X 1a Iuu luong chat
1ong, c6 gia tri nam trong [0, 200 Vh].

2.2. Nguyén Iy diéu khién

CAu trac bd diéu khién PID mdt no-

ron hdi quy dua trén bd nhan dang mang
no-ron RBF duoc thiét ké nhu Hinh 2a,
phat trién dya theo cac nghién ctu [7,
9, 11-12, 14-16]. Trong do, mang noron
RBF dung dé uéc luong duge thong tin
Jacobian cua ddi tuong, lam co so dé cap
nhat truc tuyén b diéu khién PID mét no-
ron hdi quy.

+ €. | PID 1 no-ron u B‘?i tuqr:g
Ve héi quy diéu khién
delay
4 -
1
J acobiani B6 nhan
1 v <
i dang mang
e no-ron RBF
V
a).

Hinh 2. a) Cdu truc diéu khién; b) B6 nhan dang mang no-ron RBF

2.3. Bé nhén dang doi twong diéu khién
B0 nhan dang dung mang no-ron RBF
véi cau truc [3-6-1], duoc xay dung nhu Hinh
2b [6, 12, 15]. Vector xuyén tdm RBF thong

qua ham Gauss dugc xac dinh boi [4-7]:

(1)
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véix=/x, x, x, x,/"1a vector ngd vao;
¢=[c, c,..c, ] va b—[b b, .., b ] lan
lu’o“c la céc 1a vector tam va do rong cua cac
ham Gaussian.

Goi vector trong sO cua mang la
w=[w,w,.., w /', thingdray cuamang
du0’c viét:

y, (k)=wh +wh, +.+w h —szh (2)

m m

Hiéu suit huin luyén duqc danh gia
thong qua ham chi phi (cost function) sau:

e = (0= 3(®)) (3)

Gidi thuét cap nhat w,c vab, co thé
xem chi tiét tai [4-6]. Thong tin Jacoblan
(d0 nhay cua dau ra thiét bi voi dau vao
duoc diéu khién) duoc xac dinh nhu sau
[7,9-11]:

ov(k) ov (k n c.—u(k

ou(k) ou(k) = b;

2.3 B diéu khién PID mpt no-ron hoi
quy

Bo6 diéu khién PID roi rac duoc xac
dinh boi [7-16]:

u(k) =u(k -1+ Au(k)

=u(k-1)+K e(k)+K ce(k)+ K ie(k) (5)
trong do, e(k)=r(k)-y(k) 1a sai biét gitta tin
hiéu tham chiéu rk) va dap tng y(k) va
ce(k), ie(k) dao ham va tich phan tuong trng
cua e(k).

Nghién ctru nay dé xuét tin hiéu didu

khién c6 dang:
u(k) =w,u(k=1)+w,e(k)+w,ce(k)+w,ie(k) (6)
vai w=[wu, w,, w,, w, ] 1a bd trong sb
cua mdt cau trac no-ron 4 ngd vao nhu
Hinh 3.

Bén ngd vao [u(k-1) x (k) x,(k) x,(k)]"
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tuong tng ciia no-ron PID hoi quy Hinh 3,
v6i thanh phan dao ham ce(k) va tich phan
ie(k) cua e(k) dugc xac dinh theo [11]:

x,(k)| | e(k)—e(k-1) .
x,(k) | | e(k)=2e(k—1)+e(k-2) ™
B trong s6 ctia no-ron PID gém:

w :[Wn Wi ]

K, K, K| (8)

- Jacobian
m (Tix b6 nhan dang

Lan truyén nguoc

mang no-ron RBF)
Hinh 3. Céu tric bé diéu khién PID mét no-ron héi quy
Vi vy ngd ra diéu khién nhu sau:

w u(k=1)+w,x, (k) +w,x, (k) +w,x, (k)
=wu(k—1)+K x (k) + K x,(k)+ K x, (k)
=w'.x 9)
Pé huan luyén truc tuyén no-ron PID

nay, ta dinh nghia ham muc tiéu 1a trung
binh ctia binh phuong sai so:

u(k)=

(10)

B trong s ctia no-ron PID duoc cap
nhat truc tuyén theo giai thuat Hebb [7-8,
11, 14-16], v61 0y/Ou 1a thong tin Jacobian
ctia dbi tugng diéu khién. Thong tin vé muc
d6 bién thién cta dap ung ddi voi su thay
ddi cta tin hiéu diéu khién, hay do nhay
cua dap tng, goi la thong tin Jacobian dugc
udce lugng boi (4).

E(k) = %ez (k)
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wu(k)=wn<k)+ne(k)%u(k—1> (11)

o (k) = Wi () + ne(k%xl * (12)

w; (k) = 3(k)+77€(k) X(k) (13)

}_

2.4. Két qud thuc nghiém

Hé théng thuc nghiém thiét 1ap nhu
Hinh 4, ¢6 so sanh v6i bo didu khién PI
(K = 0.01 va K = 0. 5) duoc hang Gunt-
Hamburg cung cap va ké thira cong cu giao
tiép gitta MATLAB va thiét bi dugc nghién
ctru [19] x4y dung san.

O
SingleNeuro PID

2Z=0 valve OFF P Gtk it
Z>0 valve ON

RT020

Muxa[]

RBF_ldentifier

Unit Delay

a)

Hinh 4. a) So d6 thuc nghiém, b)Bé tri thuc nghiém

Dap tng luu lugng tuong tng cua hai
kiéu diéu khién thé hién trén Hinh Sa. Két
qua cho thay bo diéu khién PID cua [21]
cho d6 vot 16 cao (~30%), nhung khi két
hop 16 véi bo dicu khién PID mét no-ron

Dieu khien PID mot no-ron he RT020

Y
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thi d6 vot 16 da giam dang ké, v6i thoi gian
xac lap khoang 5 - 6 gidy, phu hop thuc
tién. Trong khi bo diéu khién PID ¢ 20
giay thuc nghiém sau cho thoi gian xac lap
khoang 12 giay.

Nhan dang doi tuong dung mang RBF
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Jacobian |
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b)

Hinh 5. a) So sdnh ddp uing luu lugng, b) Két qua udc lugng théng tin Jacobian
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Hinh 5b trinh bay két qua nhan dang
ngd ra luu luong chat 1ong cia hé RT020
va thong tin Jacobian twong Gmg. Két qua
thuc nghiém cho thdy mang RBF di cho
tin hiéu nhan dang luu lugng nudc gén
nhur tring v6i ngd ra thyc té ciia hé RT020.
Trén thyc té, viéc nhan dang ngo ra cua ddi
tuong khong st dung truc tiép cho hoat
dong diéu khién ma né dung dé xac dinh
thong tin Jacobian, cung cip cho giai thuét
cap nhat cac tham sb ctia bo diéu khién.

3. KET LUAN

Nghién ctru nay di dé xudt mot bo
diéu khién thong minh, ma & d6 d6i tuong
diéu khién duogc nhan dang truc tuyén bai
mang no-ron RBF. Cac tham s6 cua b
diéu khién PID duoc t6 chirc dudi dang bo
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trong s6 ctia mot no-ron hdi quy tuyén tinh
bbn ngd vao va duge didu chinh thich nghi
trong qua trinh diéu khién. Giai thuat huan
luyén bo PID mét no-ron héi quy cho phép
tw chinh dinh tham sé cta diéu khién, thich
tmg theo su bién d6i cua t6i tuong thong
qua thong tin Jacobian ma by nhdn dang
cung cap. Kiém nghiém giai thuat didu
khién nay trén thiét bi RT020 cta héng
Gunt Hamburg cho dap tmg luu luong chat
long bam tét tin hiéu tham chiéu véi thoi
gian x4c 1ap duoc rat ngin, do vot 16 khong
dang ké va sai sO xéc lap duogc triét ticu.
Hudng phat trién cua nghién ciru nay la
tién dén ap dung bo diéu khién dd dé xuét
1én cac hé c6 do phi tuyén manh va ciu trac
phure tap hon.

TAI LIEU THAM KHAO

[1]. K. J. Astrdm and T. Higglund. (1995). PID Controllers: Theory, Design, and Tuning.
Research Triangle Park, North Carolina: ISA - The Instrumentation, Systems and

Automation Society.

[2]. J. Chen and T.-C. Huang. (2004). Applying neural networks to on-line updated PID
controllers for nonlinear process control, Journal of Process Control, 14(2), 211-230.

[3]. L. Ching-Hung, L. Yi-Hsiung, and T. Ching-Cheng. (2002). 4 novel robust PID
controllers design by fuzzy neural network, in Proc. of the 2002 American Control

Conference, 2, 1561-1566.

[4]. L. M. Thanh, L. H. Thuong, P. T. Loc, and C.-N. Nguyen. (2020). Delta Robot
Control Using Single Neuron PID Algorithms Based on Recurrent Fuzzy Neural
Network Identifiers, Inter. J. of Mechanical Engineering and Robotics Research,

9(10), 1411-1418.

[5]. L. M. Thanh, L. H. Thuong, P. T. Tung, and C.-N. Nguyen. (2021). Improvement of
PID Controllers by Recurrent Fuzzy Neural Networks for Delta Robot, Springer, in
Intelligent Commu., Control and Devices, 263-275.

[6].J. B. Gomm and D. L. Yu. (2000). Selecting radial basis function network centers with
recursive orthogonal least squares training, IEEE Transactions on Neural Networks,

11(2), 306-314.

[7]. Z. Ming-guang, W. Xing-gui, and L. Man-qiang. (2005). Adaptive PID control
based on RBF neural network identification, in 17th IEEE Inter. Conf. on Tools with

Artificial Intelligence (ICTAI’05), 1-3.

56

TAP CHi KHOA HOC | ring5h0os



JOUPnGI ol( Science - V L U T E ISSN 261 5-9945

[8]. C.-N. Nguyen and H. M. Nguyen. (2019). Improvement of power output of the wind
turbine by pitch angle control using RBF neural network, Inter. J. of Mechanical
Engineering and Technology, 10(10), 64-74.

[9]. J. Jiao, J. Chen, Y. Qiao, W. Wang, C. Wang, and L. Gu. (2018). Single Neuron PID
Control of Agricultural Robot Steering System Based on Online Identification, in
2018 IEEE Fourth International Conference on Big Data Computing Service and
Applications (BigDataService), 193-199.

[10]. J. Liu. (2016). On a method of single neural PID feedback compensation control, in

2016 Third International Conference on Artificial Intelligence and Pattern Recognition
(AIPR), 1-4.

[11]. M. Rif’an, F. Yusivar, and B. Kusumoputro. (2017). Adaptive PID controller based
on additional error of an inversed-control signal for improved performance of
brushless DC motor, in 2017 15th International Conference on Quality in Research
(QiR) : Inter. Sym. on Electrical and Computer Engineering, 315-320.

[12]. C. Rosales, C.M. Soria, and F.G. Rossomando. (2019). Identification and adaptive
PID Control of a hexacopter UAV based on neural networks, Inter. J. of Adaptive
Control and Signal Processing, 33(1), 74-91.

[13]. N. V. D. Hai and N. V. Thuyén. (2012). Xdy dung b diéu khién PID-neuron cho hé
con ldc nguoc quay, Tap chi Gido duc Ky thuat, Pai hoc Su pham ky thuat TP. H6
Chi Minh, 23, 37-45.

[14]. H. T. Hién, H. M. Vii, and N. H. Diing, “Bo diéu khién PID dua trén mang no-ron
ham co s& xuyén tam,” Tap chi Khoa hoc Triwong Pai hoc Can Tho, vol. 54, no. 7,
pp. 9-19, 2018.

[15]. N. P. Hung, P. K. Quang, and V. H. Hai. (2015). Bé diéu khién PID chinh tham sé
bang mang no-ron dung cho may ldi tw dong tau thuy, Giao thong Van tai, 9, 67-70.

[16]. N. C. Ngon and D. Tin. (2011). Diéu khién PID mét noron thich nghi dya trén bo
nhan dang mang noron mo hoi qui d4p dung cho h¢ thanh va bong, Tap chi Khoa hoc
bai hoc Can Tho, 20a-2011, 169-175.

[17]. N. C. Ngén and T. T. Ta. (2012). Biéu khién PID thich nghi cho hé 6n dinh 4p suét
dua trén b nhan dang dung mang no-ron ham co s¢ xuyén tam, Tap chi Khoa hoc va
Cong Nghé, Dai hoc Pa Ning, 60, 6-12.

[18]. N. Nguyén Chi and N. L& Thi. (2021). Recurrent single-neural PID control for Gunt-
RT030 pressure control unit, Journal of Technical Education Science, 63, 57-64.

[19]. N. C. Ngon. (2011). B diéu khién PI mo: Tir thiét ké dén vmg dung, Tap chi Khoa
hoc Truong Pai hoc Can Tho, 18a(2011), 82-92.

[20]. L. T. My, T. n. X. Lil, T. T. Hing, and N. C. Ngén. (2021). Kiém nghiém kha ndng
ket hop giita diéu khién PI va truot thich nghi trén thiet bi GUNT-RT020, Tap chi
Khoa hoc Truong PH Can Tho, 57(6), 1-10.

[21]. G. G. GmbH. (2004). Experiment Instructions - RT010- RT060 Principles of Control
Engineering. Barsbiittel Germany.

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 57




