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

PIEU KHIEN LUU LUQNG
DUNG MANG NO-RON MO HOI QUY

FLOW CONTROL WITH THE USE OF RECURRENT
FUZZY NEURAL NETWORK

NGUYEN THI NGOC HIEN', PHAM THANH TUNG':,
NGUYEN CHI NGON>

"Truwong Pai hoc Suw pham Ky thudt Vinh Long;

’Trueong Pai hoc Can Tho;

“Tac gia lién hé: tungpt@vlute.edu.vn

Nhdn bai(Received): 30/3/2023; Phdn bién (Reviewed):05/4/2023; Chd'p nhdn (Accepted):13/5/2023

TOM TAT
Véi co ché hudn luyén tryc tuyén, mang no-ron mo hdi quy (recurrent fuzzy neural
network - RENN) da duoc kiém chimg thanh cong bang mo phong. Nghién ciru nay t1en
hanh khao nghlem ky thuat diéu khién glam sat két hop giita bo diéu khién PI truyen
thdng va bo diéu khién dung RENN (goi tit 1a RFENNC) trén hé 6n dinh luu lwong chat
long RT020 cua hang Gunt-Hamburg, Ptc. B diéu khién RFNNC c6 nhiém vu tinh
chinh d4p tmg ctia d6i tugng, nham khic phuc han ché vé van dé ¢b dinh tham s6 ctia bo
diéu khién PI. Két qua thuc nghiém trén hé¢ RT020 cho thiy trong qué trinh diéu khién,
khi bd RFNNC hoi tu, dap ung luu luong cua thiét bi RT020 c6 do vot 16 khong dang ké
50 v6i bo diéu khién PI mic dinh. Ngoai ra, bo dicu khién RENNC di gop phan lam giam
thoi gian xac 1ap cua ddi twong mot cach dang ké.
Tir khéa: diéu khién giam sat, diéu khién PID, diéu khién luu luong, mang no-ron
md hoi quy, nhan dang hé thong.

ABSTRACT

With an online training mechanism, the recurrent fuzzy neural network (RFNN) has
been successfully verified by simulations. This study conducts experimental investigations
with a supervisory control technique by combining a traditional PI controller and a
RFNN-based controller (referred to as RFNNC) on the RT020 liquid flow control unit
of the Gunt-Hamburg, Germany. The RFNNC is responsible for fine-tuning the system
responses to overcome the limitation of the fixed parameters of the PI controller.
Experimental results on the RT020 device show that, during the control process, when
the RENNC's parameter updating algorithm converged, the flow response of the RT020
device had a negligible overshoot. In addition, compared with the default PI controller,
the RENNC has contributed to the significant reduction in the system settling time.

Keywords: flow control, PID control, recurrent fuzzy neural network, supervisory
control, system identification.

1. Giéi thi¢u mo-dun gon nhe, dé dang lip dat va van
Hién nay b didu khién PID [1] d& hanh [2]. Tuy nhién, do cac doi tuong dicu
dugc cac hang thiét bi tich hop 1én cac  khién thuong bi tdc dong boi nhi€u yéu to
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bén ngoai 1am thay d6i tham sb trong qué
trinh van hanh, anh hudéng dén chat lugng
diéu khién. Viéc sir dung b diéu khién PID
truyén thong véi tham sé ¢b dinh, chi co
thé dap tng t6t & thoi diém trién khai thiét
bi. Theo thoi gian, dong luc hoc cia dbi
tuong thay d6i dan dén két qua diéu khién
khong con nhu ban dau. Pidu d6 lam phat
sinh nhu cdu tu chinh dinh hogc bu.

Nhing nim gan day, mang no-ron md
hdi quy, goi tat 1a mang RFNN (recurrent
fuzzy neural network) t6 ra c6 nhidu vu thé
vi kha ning xap xi cic ham phi tuyén rat
tdt [3] va co ché huin luyén truc tuyén hiéu
qua cua n6. Mang RFNN da dugc ing dung
thanh cong trong diéu khién robot Delta [4-
6] va cac hé phi tuyén khac nhu hé cdu can
bang vai thanh va bong [3]. Vi vy, ¥ tuong
co ban ctia nghién ctru nay la xay dung bo
diéu khién giam st (supervisory control)
[7] dua trén mang RFNN va kiém nghlem
giai thuat diéu khién nay trén mo hinh on
dinh Iuu luong chat long RT020 ciia hing
Gunt-Hamburg, Ptc [8]. Viéc kiém soat
lru lugng chat 1ong c6 ¥ nghia quan trong
trong cdc nganh cong nghiép nhu thuc
pham — nudc giai khat, ddu mo, hoa chat —
dugc pham, san xuit gidy, dién... nén chu
dé nay van con dang dugc tiép tuc nghién
clru va phat trién.

Trong nghién ctru nay, mo hinh toan
ciia hé RT020 khong can ding trong qua
trinh thiét ké. Bo diéu khién giam sat dung
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mang RFNN [9] chi dya theo tin hi¢u vao,
ra cta hé RT020 dé tu cap nhat truc tuyén
(online) cac tham s ciia no trong khi didu
khién thiét bi [10]. Ké thira két qua cua [10],
nghién ctru nay tién hanh khao nghiém va
danh gid mot cach toan di¢n kha nang dap
g ctia bo didu khién dé xuat.

2. Phuwong phap nghién ciru

2.1. H¢ 6n dinh lwu lwong chit long
RTO020

Hé 6n dinh luu luong RT020 [8] duoc
trinh bay trén Hinh 1. Chat 16ng trong bon
chira (5) dugc bom vao mang diéu tiét bing
may bom (4) Luu luong chét long & trong
mang ¢o thé ting hay giam dugc bang
valve tiét luu (2) hodc thay doi cong suat
may bom (4). Tinh trang hoat dong va cac
cong tac dicu khién duoc bd tri trén bang
(3). Luu luong chét long trong mang duoc
do boi cam bién (6), dong thoi biéu kién
boi luu luong ké kiéu phao (1). Nhiém vu
ctia bo diéu khlen 1a kiém soat cong sut
cua valve tiét luu (2) dé luu luong chat
long trong mang dugc duy tri ¢ trang thai
on dinh ma ngudi van hanh dit trude, bu
trir duoc v6i bién ddi cua tde do bom. Mot
s6 thong s6 k¥ thuat cia hé RT020 duoc
trinh bay trong Bang 1 [8]. M6 hinh hé 6n
dinh luu lwong chit long RT020 di duoc
hd trg cong cu giao tiép giita MATLAB/
Simulink va thiét bi boi [11], thuén lgi cho
qua trinh kiém nghiém thuc té.

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

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 29




Joupnol ol( Science - V L U T E

ISSN 261 5-9945

Bang 1: Théng sé ky thudt ciia hé RT020 [8]

Thong s6 Pon vi Gia tri
Dung tich bon chtra L 3
Cong sudt may bom W 18
Téc do bom tbi da L/min 8
Téc do valve tiét luu m?/h 0,7
Cam bién luu lugng L/min 0,5-3
Phan mém diéu khién tich hop - P, PI, PID va ON-OFF
Kich thudc dai x rong x cao mm 600x440x560
Trong lugng Kg 19

RT020 1a mot ddi twong MISO ¢6 2
ngd vao va 1 ngd ra. Ngd vao thi nhat (Y)
1a cong suét valve tiét luu, co gia tri nam
trong [0, 100%]; ngd vao thu hai (Z) la
cong sudt may bom, co gia tri nam trong [0,
100%]; ngd ra (X) la luu lwong chét 1ong,
c6 gia tri ndm trong khoang [0, 200 lit/gid].
RT020 dugc hang Gunt-Hamburg dong goéi
sdn cac bo diéu khién P, PI, PID va ON-
OFF trén phan mém Labview.

2.2. Nguyén Iy diéu khién
B6 diéu khién PID két hop voi bod

dicu khién dung mang no-ron mo hoi qui
(RFNNC) tro thanh mot k§ thuat dicu
khién giam sat (supervisory control),
dugc xay dyng dya theo [7] va thé hién
theo so d0 nguyén 1y Hinh 2. Nguyén tic
nhan mo hinh déi twong dung mang no-
ron md hdi quy (RFNNID) dé x4c dinh
do nhay cua doi tuong, goi la thong tin
Jacobian dugc xay dung dua theo [3-5].
Hinh 2 trinh bay so dd nguyén Iy ctia hé
dicu khién dugc xay dung trong nghién
cuu nay.

Xref .
- = Y & | Hién ajubiwu z .
+ b o lirgng RT020
Up
Jaco| RFNNC

Hinh 2. Nguyén ly diéu khién ding mang RFNN cho hé RT020

Trong so d6 Hinh 2, ddi tuong didu
khién 1a hé 6n dinh luu lwong chat long
RT020, duoc kiém soat va gitr on dinh bai
bo diéu khién PID mic dinh cua [8]. Tuy
nhién, cac tham s6 ¢ dinh cua cia bd PID
khong thich tng v6i su bién doi cua dbi
tuong, nén b diéu khién RFNNC duogc
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tang cudng, dé tinh chinh dap tmg va thich
nghi v6i sy bién thién ciia ddi tuong nho
co ché huin luyén truc myén cua no. Giai
thuat cap nhat trong s6 cta bo diéu khién
RENNC duoc trién khai theo [12] va céc
cai tién trong [3-6]. Giai thudt nay can
thong tin Jacobian, nén bo nhan dang mo
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hinh dbi twong RENNID ciing duoc xdy
dung. B6 nhan dang RFNNID ciing dugc
huan luyén truc tuyén dé cung cap kip thoi
thong tin vé d nhay cua doi tuong.

2.3. Nhin dang mé hinh doi twong
dung RFNN

B§ nhan dang ddi tuong dugc sir dung

u(k) H én djnh lru X(®)

lugng RT020

A 4

Xm(k)

xx-1) |

-
Jacobian

u(k)
a)

ISSN 261 5-9945

trong nghién ctru nay 1a mot hé suy dién
mo dugce thyc hién boi mdt mang no-ron
hdi quy nhiéu 16p, goi tit 1a bd nhan dang
RFNNID, dugc trién khai theo [12], c6 thé
tham khao chi tiét tai [3]. B0 nhan dang
RFNNID dugc xdy dung dang S-function
ciua MATLAB va dugc mo ta trén Hinh 3.

-

b)

Hinh 3. a) Nguyén tdc nhdn dang mé hinh déi tuong diing mang RFNN
b) B6 nhdan dang RFNNID trén MATLAB/Simulink

2.4. Bj diéu khién gidm sdt két hop
PID-RFNN

Nguyén tic didu khién gidm sat két
hop gitra bo dicu khién PID truyén thong
va bd diéu khién RENNC duoc thyc hién

Jacoik)
—

RFNNC

Hi 6n djnh lra
hrgmg RTO20

dua theo [7] va dugc minh hoa trén Hinh
4a. Bo diéu khién giam sat nay duoc goi
tat 12 bo diéu khién PID-RFNN. Chi tiét vé
nguyén ly diéu khién giam sat PID-RFNN
c6 thé tham khao tai [10].

—CD

u_rinn

RFNN_C2

Xoglh) ?_ m

RFNN

Bé diéu khién RFNN

Tin hiéu diéu khién giam sat trong so
dd Hinh 4 duoc xac dinh nhu sau:

u(k)=u,(k)+u,(k) (1

trong do, u (k) tin hi¢u diéu khién PID
va la u (k) tin hi¢u di€u khi€én gidm sat
RFNNC.

Tin hiéu diéu khién PID kinh dién u (k)
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b)
Hinh 4. a) Nguyén ly diéu khién gidm sdt PID-RFNN
b) B6 RFNNC trén MATLAB/Simulink

dé dang x4c dinh theo cong thirc. Nhung tin
hiéu diéu khién gidm sat RENNC duoc xac
dinh thong qua mang RFNN. Ngb vao cua
RENNC gdm tin hiéu tham chiéu X (k) va
thong tin Jacobian Jaco(k) do b RFNNID
cung cip. Him muc tiéu hudn luyén b
RFNNC duogc thuc hién theo [7], nhu sau:

E(k) =%[un(k)—u(k)]2 2)
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B6 diéu khién RFNNC ciing dugc xay
dung dang S-function trén MATLAB va
duoc trinh bay trén Hinh 4b.

2.5. Thiétké b diéu khién thuc nghiém
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So dd téng thé ciia hé didu khién giam

sat h¢ RT020 cua nghién cuu nay dugc
xdy dung trén MATLAB/Simulink nhu
Hinh 5.

R

gi *

et »’—» PID(s).S g
b
Xref .
PID Ctr :
Pump —
- [0-100]
+ >
onf
enc off
P Wi u_rnn Discrele
: M‘_"__ Tz 5.
— Jaco
RFNN_Cir
D 4~I:J_ Wrinn j
Jaco Hé théng diéu khién giam sat RFNN
Y
RFNN_ID

Hinh 5. So dé diéu khién va so sdnh PID va PID-RFNN

Khdi RT020 trén so d¢d Hinh 5 thuc
chat 1a khéi giao tiép ngoai vi, cho phép
truyén tin hiéu diéu khién tr may tinh
xuéng thiét bi RT020 va doc gia tri cam
bién luu lugng tir thiét bi dé hoi tiép vé
may tinh. Trén Hinh 5, khi tit thanh phan

RFNN dwa vio diéu khién gidm sit cho RT020

—
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diéu khién RFNN bang cach nhap gia tri
khong (zero) vao khéi on/off, thi hé théng
chi chay véi bo diéu khién PID mic dinh.
Diéu nay cho phép trién khai hai kiéu diéu
khién dé c6 thé so sanh cac dap ung voi
mdi kiéu diéu khién.

RENN dia vio nhin dang mé hinh RT020
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b)

Hinh 6. a) So sdnh ddp ting luu Iuong véi bé diéu khién PID va PID-RFNN
b) Két qud nhén dang déi tugng va uéc luong théng tin Jacobian
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Két qua so sanh ky thudt diéu khién
PID va diéu khién dung PID-RFNN trén
cung h¢ RT020 dugc trinh bay trén Hinh
6. Két qua nay cho thdy bo diéu khién PID
cta [8] cho do vot 16 cao (~30%), nhung
khi két hop n6 véi bo didu khién RENNC
d6 vot 16 da giam dang ké. Khi giai thuat
huén luyén cac mang RFNN da héi tu,
dap ung luu lugng co6 thoi gian xac 1ap dat
khoang 0.75 — 8,5 gidy, phu hop véi thuc té
ctia hé RT020. Trong khi d6, bo diéu khién
PID ¢ 20 gidy thuc nghiém sau cho thoi
gian xdc lap khoang 12 giay.

Hinh 6 trinh bay két qua nhan dap tng
luu lwong ciia hé RT020 va thong tin vé
dd nhay cua dbi tuong (Jacobian). Muc do
bién thién ciia dap mg ddi voi sy thay doi
cta tin hiéu diéu khién, hay do nhay cua
dap tng, goi 1a thong tin Jacobian. Thyc
nghiém cho thdy b6 RFNNID da cho tin
hiéu nhan dang lwu luong nudc gan trung
v6i ngd ra thyc té ciia hé RT020. Két qua
nay cho thay kha ning nhan dang mo hinh
khong tham sé cia mang RFNN 1a rat tot.
Trén thyc té, viéc nhan dang ngo ra cua ddi
tugng khong sir 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 s6 cua bd diéu khién
RFNNC.

2.6. Thao ludn

Nghién ctu ndy gop phan kiém
nghiém kha ning hoat dong cua bo dicu
khién dung mang RFNN trén hé RT020.
Piéu lo ngai co ban cua viéc ung dung
diéu khién dung mang no-ron véi co ché
huan luyén tryc tuyén chinh 13 yéu té thoi
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gian thuc trong thuc nghiém. Tuy nhién,
két qua thuc nghiém da ching t6 duogc thoi
gian cap nhat tham s6 cua mang du nhanh
va két thuc trong chu ky 14y mau dé dam
bao tin hiéu diéu khién khong bi tré dang
ké. Do han ché vé thiét bi thi nghiém, nén
diém yéu co ban cta nghién ctru nay 13 hé
RT020 chi phi tuyén nhe vé6i thoi gian tré
ngan, do d6, nghién ctru nay that sy ciing
chua danh gia day du cac yéu to tic dong
dén hé¢ diéu khién nhu khi trién khai trén

hé phi tuyén manh.
3. Két luan

Nghién ciru xay dung bo diéu khién
giam sat dung mang RFNN 4p dung dé
kiém soat luu luong chét long trén thiét
bi RT020. Trong do, bé diéu khién PID
duoc gitr gia tri mac dinh cuia hang Gunt-
Hamburg dé mang ning luong chu dao
trong viéc dua dap tng cua ddi tuong gan
dat dén gia tri tham chiéu. Bo diéu khién
RFNNC dam nhan trach nhiém tinh chinh
dap Gng ctia RT020, nhd co ché giam sat
va cap nhat tham s truc tuyén cua no. Giai
thuat cap nhat tham sb cua bo diéu khién
RFNNC str dung thong tin Jacobian tir bd
nhan dang RFNNID dé thich ung voi su
bién thién cua ddi tuong. Trong qua trinh
diéu khién, khi giai thuat cap nhat thong
sb mang RFNN héi ty, dap tng luu luong
cua thiét bi RT020 c¢6 d6 vot 16 khong dang
ké nita. Ngoai ra, bo diéu khién RFNNC
cling gop phan giam thoi gian xéc 1ap cia
d6i tuong, tir khoang 12 gidy, giam xudng
con 8+0.5 gidy. Thoi gian t6i, nghién cuu
nay tiép tuc duoc hoan thién va tién hanh
thuc nghiém trén cac d6i twong c6 do phi
tuyén manh.
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