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TOM TAT

Nghién ctru ndy kiém nghiém bo diéu khién PID mot no-ron hdi quy trén thiét bi 6n
dinh luu lugng chat 1ong RT020 ciia hing Gunt-Hamburg. B diéu khién PID s6 dugc to
chuc duoi dang mot no-ron tuyén tinh hoi quy. Céc trong s6 két ndi cia no-ron twong u'ng
v6i ba thong sd K, K, vaK; cuabd PID, co thé huan luyén truc tuyen trong qua trinh diéu
khién. Giai thuat huan luyen nay cho phép tu dleu chinh thong s cua bo diéu khién theo
su bién doi cua ddi tuong, dua theo thong tin vé do nhay cua ddi tuong, goi la thong tin
Jacobian. Mot mang no-ron ham co so xuyén tim RBF ciing duoc huan luyén truc tuyén
dé nhan dang khong tham s6 mé hinh ddi twong, nham xac dinh thong tin Jacobian nay.
Két qua thue nghiém trén thiét bi RT020 va so sanh véi bo PID do nha san xuét cung cép,
cho thay bo diéu khién PID mot no-ron hdi quy c6 kha nang ty chinh trong qua trinh diéu
khién; dap ung qua do cua dbi tuong duogc cai thién voi thoi gian xac 1ap duge rat ngin,
dd vot 16 thép va sai sb xac 1ap duogc tri¢t ticu.

Tir khoa: Bo diéu khién PID sd, 6n dinh luu lugng, mang no-ron ham co s& 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. Giéi thi¢u

Mic du dugc st dung rong rai trong
cong nghiép, nhung bo diéu khién PID [1]
v6i cac thong sd cai dat ¢d dinh kho thich
g v&i su bién ddi ddc tinh dong cua dbi
tuong [2]. Viéc tur chinh dinh thong sb cua
b PID thich nghi dwoc nhiéu nha khoa hoc
quan tim. Thong thudng, dé thich nghi cac
thong s6 bo diéu khién, mot bo quan sat can
duoc thiét 1ap dya trén mo hinh toén cua
dbi tuong. Piéu nay trong thuc té khong
phai lic nao ciing dat dugc. Vi vay, nhiéu
nghién ctru chon giai phédp nhan dang mo
hinh khong tham sé cta d6i twong, thay vi
phai xay dung mo hinh toan cta né. Trong
[2, 3], cac tac gid su dung mang no-ron mo
hdi quy (recurrent fuzzy neural network)
dé nhan dang mo hinh cta dbi tugng, nham
cung cép thong tin Jacobian cho giai thuat
cap nhat truc tuyén (online) trong sb két nbi
ctia bo diéu khién PID thich nghi. Trong cac
nghién cuu [4, 5], cac tac gia da ap dung
thanh cong g1a1 thuat huén luyén truc tuyén
bd diéu khién dung mang no-ron nhan tao.
Tuy nhién, voi giai thuat gradient descent,
viéc huin luyén truc tuyén bd nhan dang
doi hoi thoi gian dé giai thuat hoi ty. Piéu
nay anh huong dén thoi gian qua do cua hé
thong, cu thé 1a 1am kéo dai thoi gian xéac
1ap cia dap ung. Dé don gian hoa ciu trac
mang, nham cai thién téc do hoi tu cua giai
thuat huan luyén bg nhan dang, trong [6-8],
cac tac gia st dung mang no-ron ham co
so xuyén tam (RBF - radial basis function)
thay vi str dung mang no-ron mo héi quy.
Céc nghién ctru gan day da phat trién thanh
cong bo diéu khién PID thich nghi mot no-
ron c6 kha nang huén luyén truc tuyén, voi
b6 nhan dang thong tin Jacobian bang mang
no-ron RBF [9 12]. Tuy nhién, céc nghlen
ctrunay chu yeu tap trung vao viéc phat trién
giai thuat va minh hoa két qua thong qua
mo phong trén may tinh. Cac nghién ctu
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[13-16] da tong hop va hoan thién vé mat Iy
thuyét ki thuat xay dung bo diéu khién PID
dung mang no-ron. Tuy nhién, cac nghién
ctru nay chi dung lai & mirc do mo6 phong.
O nghién ctru [13], bd diéu khién PID no-
ron dugc thyc nghiém trén mo6 hinh con lac
nguoc quay, nhung két qua cho thay thoi
gian hoi tu cua cac thong s6 ctia bo PID céan
dén 25 gidy moi dat gia tri cn thiét. Trong
[17, 18], bo PID mot no-ron dugc ap dung
trén hé on dinh 4p suét v6i thoi gian hoi tu
ctia cac thong s cta bd didu khién nhanh
hon. Tuy nhién, dap ung tong thé cua hé 6n
dinh ap suat con cham, can khoang 10 gidy
moi xac lap duoc.

Déi véi h¢ diéu khién 6n dinh luu
luong chit 16ng von duge tng dung nhiéu
trong cong nghiép duoc pham, giai khat
hién nay, ¢ nghién ctu [19], tac gid dung
bd diéu khién tich phan ty 16 mo (Fuzzy
PI) dé kiém soat thiét bi RT020. O nghién
ctru [20], cac tic gia da thuc hién diéu
khién thuyc nghiém hé 6n dinh luu luong
chat 1ong RT020. Tuy nhién, bd diéu khién
giam sat cua nghién ctru nay dua trén ky
thuat diéu khién truot thich nghi, von cham
va tiém an nguy co dao df)ng & tin hiéu diéu
khién, gay néng bod chuyén mach coéng suat
diéu khién.

Nghién ciru ndy nham phét trién bo
dieu khién PID mot no-ron theo cau trac
hoi quy ket hgp véi ky thudt nhan dang mé
hinh doi trong dung mang no-ron RBF cho
dbi twong chua xac dinh duoc tham sb.

2. Phuwong phap nghién ctru

2.1. Poi twong diéu khién

CAu trtc ctia hé 6n dinh lwu lwong RT020
dugc trinh bay trén Hinh 1. Chat 16ng trong
bon chira (5) dugc bom vao mang dicu tiét
bang may bom (4). Luu lugng chat long &
trong mang co thé tang hay giam duoc bang
valve tiét luu (2) hodc thay do6i cong suat
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may bom (4). Tinh trang hoat dong va cac
cong tic diéu khién dugc bd tri trén bang
(3). Luu luong chét 1ong trong mang duoc
do boi cam bién (6), dong thoi biéu kién
boi luu lugng ké kiéu phao (1). Nhiém vu
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ctia bo diéu khién 1a kiém soat cong suat
ctia valve tiét luu (2) dé luu lugng chét long
trong mang dugc duy tri ¢ trang thai on dinh
ma ngudi van hanh dat trude, bu trir dugc
véi bién ddi cua tde do bom.

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

RT020 1a mét hé diéu khién MISO c6 2
ngod vao va 1 ngd ra. Trong do, ngd vao Y la
cong suit valve tiét luu, ¢ gia tri nam trong
[0, 100%]; Z 1a cong suat may bom, co gia
tri nam trong [0, 100%]; X 1a luu lugng chét
16ng, ¢6 gia tri nam trong [0, 200 I/h].

2.2. Nguyén Iy diéu khién

Cau trac bd diéu khién PID mdt no-

ron hodi quy dua trén bo 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 d6, mang noron
RBF dung dé uéc lugng duge thong tin
Jacobian cua ddi tuong, lam co so dé cap
nhat truc tuyén b6 diéu khién PID mdt no-
ron hoi quy.

+ € PID 1 no-ron u D‘f’i frong
Ve héi quy diéu khién
del
4 =
1
Jacobian | B6 nhan
1 = g
| dang mang
. no-ron RBF
y
a).

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

2.3. Bé nhén dang doi twong diéu khién
B nhéan dang dung mang no-ron RBF
voi cau true [3-6-1], duge xay dung nhu Hinh
2b [6, 12, 15]. Vector xuyén tam RBF thong

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

(1

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG 53




Jour>n<]| ol( Science - \/ L U T E

r.. — T by ~ by .
voix=/x, x, x, x ] 1a vector ngd Vao;
— \ — T 14
¢, [c, c,...c ] va bj [b, b, .. b ] lan
lugt 1a cac 1a vector tdm va d6 rong cia cac
ham Gaussian.
Goi vector trong sO cua mang la
J— T b} ~ 9
wj—[wl, Woos, w ], thi ngd ray cuamang
duoc viét:

v, (k)y=wh +wh +..+wh —ZwTh (2)

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

Err = {y(0) - 30)) (3)

Giai thuat cap nhat w, ¢, va b c6 thé
xem chi tiét tai [4-6]. Thong tin Jacoblan
(d6 nhay cua dau ra thiét bi voi dau vao
duoc diéu khién) duoc xac dinh nhu sau
[7,9-11]:

ov(k) oy (k) & c,—u(k

ou(k) ou(k) = b;

2.3 Bj diéu khién PID mjt 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)+Kie(k) (5)
trong do, e(k)=r(k)-y(k) 1a sai biét gitra tin
hiéu tham chiéu r(k) va dap tng y(k) va
ce(k), ie(k) dao ham va tich phan tuong ung
cua e(k).

Nghién ciru nay dé xuat tin hiéu dicu
khién c6 dang:
u(k)= Wllu(k -+ W1ze(k) + lece(k) + Wmie(k) (6)
vOi w=[w,, w,, w,, w,] 1d bd trong s6
cua mot cau tric no-ron 4 ngd vao nhu
Hinh 3.

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

x,(k) | |e(k)—e(k—1) e
x,(k) - e(k)—2e(k—1)+e(k—2)
B0 trong s6 cua no-ron PID gém:
w= [Wu W, W5 W, ]T
=[w, K, K, K| (8)

- Jacobian
m (T b nhan dang

Lan truyén nguoc

mang no-ron RBF)
Hinh 3. Cdu tric bé diéu khién PID mét no-ron héi quy
Vi vay ngd ra diéu khién nhu sau:
u(k) =wu(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 ©)

Pé huén luyén truc tuyén no-ron PID
nay, ta dinh nghia ham muc ti€u la trung
binh cta binh phuong sai so:

E(k) = %ez (k) (10)

B0 trong s6 cua no-ron PID duoc cap
nhat truc tuyén theo giai thuat Hebb [7-8,
11, 14-16], v6i Oy/0u 1a thong tin Jacobian
ctia d6i trong diéu khién. Thong tin vé mirc
d6 bién thién cua dap ung ddi voi su thay
d6i cua tin hiéu diéu khién, hay do nhay
cua dap trng, goi la thong tin Jacobian dugc
udc lugng baoi (4).
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wu(k)=m(k)me(k)%u(k—l) (11)

W () = wa () + ne(k)g—f{xl )

W (k) = i, () + ne(k)%x3 * (13)

(12)

PID

Xref

>0 %T/i»v Ik ‘—
e e

Muxa[]
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2.4. Két qud thuc nghiém

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

= Ao
SingleNeuro PID 200 valve OFF e
Z>0 valve ON RT020
1
2 ut)
1
Z
Unit Delay RBF_ldentifier

a)

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

Dap ting luu lugng tuwong img cua hai
kiéu diéu khién thé hién trén Hinh 5a. Két
qua cho thay bd diéu khién PID cua [21]
cho d6 vot 16 cao (~30%), nhung khi két
hop n6 vé6i bo didu khién PID mot no-ron
Dieu kI'!ien PID mqt no-ron he RT020

5 150 T
om ——— —
=
S100f -, /
g -------- X_ref
S 50 = === X_pid
= X_noron
- 0
0 10 20 30 40
Thoi gian (s)
¥ 100 T~
£
5]
Q0
®
=5
w
(%]
o
3
0 10 20 30 40
Thoi gian (giay)
a)

thi do vot 16 d giam dang ké, v6i thoi gian
xac lap khoang 5 - 6 gidy, phu hgp thuc
tién. Trong khi bo diéu khién PID & 20
gidy thuc nghiém sau cho thoi gian xéc 1ap
khoang 12 giay.

Nhan dang doi tuong dung mang RBF

140

0
-
N
o

XIXrbf (li/gio)
3

20 = === Xrbf| ]

0 10 20 30 40

0.2 Jacobian | {
-0.4 1
-0.6
-0.8

Jacobian

0 10 20 30 40
Thoi gian (giay)
b)

Hinh 5. a) So sdnh ddp tng luu luong, b) Két qud uéc luong théng tin Jacobian
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Hinh 5b trinh bay két qua nhan dang
ngd ra luu lugng chat 1ong ciia hé RT020
va thong tin Jacobian tuong tng. Két qua
thuc nghiém cho thdy mang RBF di cho
tin hiéu nhan dang luu luong nude gan
nhu tring v&i ngd ra thyc té cia hé RT020.
Trén thuc té, viéc nhan dang ngo ra cua ddi
tuong khong sir dung truc tiép cho hoat
dong diéu khién ma n6 dung dé xac dinh
thong tin Jacobian, cung cép cho giai thuat
cap nhat cac tham s6 ciia bo diéu khién.

3. KET LUAN

Nghién ctru nay da dé xuat mot bo
diéu khién thong minh, ma & d6 d6i tuong
diéu khién dugc nhan dang truc tuyén boi
mang no-ron RBF. Cac tham s6 cua bod
diéu khién PID duoc t6 chirc dudi dang bo

ISSN 2681 5-9945

trong s& ciia mot no-ron hdi quy tuyén tinh
bdn ngd vao va dugc diéu chinh thich nghi
trong qua trinh diéu khién. Giai thuat huin
luyén bd PID mét no-ron hdi quy cho phép
tu chinh dinh tham s6 cua diéu khién, thich
mg theo su bién ddi cua tdi twong thong
qua thong tin Jacobian ma bd nhan dang
cung cdp. Kiém nghiém giai thuat diéu
khién nay trén thiét bi RT020 cia hing
Gunt Hamburg cho déap tng luu luong chat
1ong bam tét tin hiéu tham chiéu véi thoi
gian xac lap duoc rat ngén, do vot 16 khong
dang ké va sai s xac lap duoc triét tiéu.
Huéng phat trién cta nghién ctu nay la
tién dén ap dung bo diéu khién da dé xuat
1én céac hé c6 do phi tuyén manh va céu tric
phuc tap hon.
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