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ABSTRACT

Although widely used in industry, with fixed parameters, the proportional
integral (P1) controller is difficult to adapt to real conditions. Meanwhile, the
sliding mode control (SMC) gives stable responses on nonlinear systems, but
it has some limitations. This paper aims to propose a solution to combine the
P1 control and the radial basis function (RBF) neural network-based adaptive
SMC, called PI-SMC control. The principle of this combination is to take SMC
advantages to overcome the limitations of the PI controller and use the PI
controller to push the sliding surface rapidly converge. The PI-SMC
controller is tested on the liquid flow control device RT020 of the Gunt-
Hamburg. The results show that the initial values of the RBF neural network
and the coefficient of sliding surface has a great influence on the control
quality. The experiment also shows that the adaptive sliding mechanism can
overcome the limitation of fixed PI controller. With selected initial values, the
PI-SMC controller has improved the flow response on the RT020 with the
overshoot is less than 5 (%); the settling time is less than 2 (s); and the steady-
state error is less than 0.3 (I/h).

TOM TAT

Mdc dir dwoc sir dung rong rdi trong cong nghiép, nhung véi tham sé cé dinh,
bé diéu khién tich phan ty I¢ PI (proportional integral controller) khé thich
ing véi sw thay doi cia diéu kién thuc té. T 'rong khi do, diéu khién trieot
(sliding mode control — SMC) cho ddp img én dinh trén cic doi tiwgng phi
tuyén, nhung lai ton tai mot s6 han ché. Bai bdo ndy dé xudt gidi phdp két hop
gitka diéu khién PI va SMC thich nghi diwa trén mang neuron ham co sé xuyén
tdm RBF (radial basis function neural network), goi tdt la diéu khién PI-SMC.
Nguyén tdic két hop ndy la tdn dung wu diém thich nghi, bén viing ciia bg SMC
dé khdc phuc han ché cia bé diéu khién PI, d&ng thoi su dung bo PI mang
nang lwong chi dao aé dcfy bé SMC nhanh chong hoi tu vé mat truot. BY diéu
khién PI-SMC dwoc kiém nghiém trén thiét bi on dinh luu hrong RT020 ciia
hang Gunt-Hamburg. Két qua ciing cho gid tri khoi tao cia by RBF va hé 560
mdt trwot anh hudng lom dén chat hmng diéu khién. Thuc nghzem cling cho
thay co ché truegt thich nghi co thé khdc phuc dwoc han ché ¢é dinh tham sé
ctia bé PIL. Vi gid tri khdi tao ciia b tham sé dwoc chon, bg diéu khién PI-
SMC da cdi thién t6t dap vng luu luong trén hé RT020 voi do vot 16 nhé hon
5 (%), thoi gian xdc lap nhé hon 2 (gidy) va sai s6 xdac lap nhé hon 0,3
(lit/gio).
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1. GIOI THIEU

Ra doi tir cudi thap nién 1960, k¥ thuat diéu
khién truot (Sliding Mode Control - SMC) dugc
phat trién nhanh chong va ap dung nhiéu trong cac
hé thong tu dong (Nguyén Biic Minh, va ctv., 2009).
Bo diéu khién truot sir dung luat diéu khién chuyén
ddi vai toe do cao, dé dua hé thong vé mat truot va
duy tri hé thdng trén mdt trugt do. Uu diém cua bo
diéu khién truot 1a tinh 6n dinh bén viing ngay ca
khi hé thdng bi tac dong cua nhiéu hoic tham sé cua
mé hinh thay ddi theo thoi gian (Nguyen Hoang
Ding & Duong Hoai Nghia, 2010; Nguyén Hoang
Diing, 2012). Diém han ché co ban ciia SMC 1a can
phai biét chinh xac mo hinh cua ddi twong khi thiét
ké, nhung diéu nay khong phai lac nao ciing dat
dugc. Bén canh dé, do luat trugt chuyén doi véi toe
d6 cao, nén bd SMC c6 thé gy ra hién twong dao
dong quanh mat truot (chattering).

Dé giai quyét van dé kho xac dinh mo hinh cua
dbi tugng diéu khién trong thuc té, mot sé nghién
ctru da sir dung mang neuron (Ye et al., 2020) dé
thay thé thanh phan diéu khién twong duong trong
luat trurot hodic dé Xap xi cac thanh phan bat dinh cua
hé¢ thdng. Ngoai ra, dé khic phuc hién twong dao
dong quanh mit truot, ham diu trong thanh phan
diéu khién bén viing ciing dugc nghién ciru va thay
thé bang cac ham bio hoa hay cac ham dang lién tuc
(Keshtkar et al., 2016). That vay, Nguyén Bic Minh
va ctv. (2009) da giai thiéu bo SMC thich nghi dung
mang neuron (ANSMC), 4p dung cho cac ddi twong
phi tuyén bét dinh hozc khong rd mé hinh. Két qua
mo phong trén hé con lic nguoc cho thay di khic
phuc duoc hién twong chattering. Nguyén Hoang
Diing & Duong Hoai Nghia (2010) d str dung mang
neuron ham co so xuyén tim (RBFNN) dé udc
luong tryc tuyén cac ham phi tuyén trong luat diéu
khién, dong thoi st dung logic mo dé wée luong
bién d6 cua luat diéu khién, dya vao 1y thuyét on
dinh Lyapunov. Két qua diéu khién dwoc kiém
chang bing phan mém MATLAB/Simulink cho
thiy dap ung cua bo diéu khién c6 do vot 15 thép,
thoi gian xac 1ap duogc cai thién. Bén canh d6, ham
truot dugc thiét ké dwa trén bo diéu khién
Proportional Integral Derivative-PID ciing dugc ap
dung thanh cong trong viéc kiém soét cac dbi tuong
phi tuyén (Nguyen Hoang Diing, 2012). Giai phéap
nay dugc dé nghi nham giam thiéu hién tuong dao
dong quanh mat trugt va giam dao dong trong tin
hiéu diéu khién. Giai thuat duoc ap dung cho hé tay
may mot bac ty do. Két qua md phong trén
MATLAB/Simulink cho thdy dap tung cua hé tay
méy bam tdt tin hiéu tham khao. Phwong phap SMC
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thich nghi dya trén mang neuron Radial Basic
Function-RBF d¢ kiém soat h¢ cau can bang, ciing
duoc xay dung (Nguyén Pinh Ta va ctv., 2017).
Trong nghién ciru nay, tinh bén viing cia bo diéu
khién di duoc dénh gia thong qua mé phong viéc
thay d6i tin higu tham khao, khdi lugng hon bi va
gia lap nhidu cam bién.

Diém han ché cua cac nghién ciru trén 13 chi
dung lai & mirc 40 m6 phong, ma chua ép dung trén
mo hinh thyc té. Bai bao nay dé& xuat kiém nghiém
thuc té ky thuat SMC thich nghi (Miqoi et al., 2019)
trén hé 6n dinh luu lwong chét long — RT020 cua
hang Gunt-Hamburg (Gunt Gerdtebau GmbH
[Gunt], 2004). Hé RT020 dugc Gunt tich hop san bo
diéu khién tich phan ty & PI kinh dién. Bo diéu
khién P1 véi tham s6 ¢6 dinh theo thoi gian da khong
con dap ung tét, do mot sé tham sb cua hé RT020
da thay ddi theo thoi gian, ddc biét 1a thoi gian tré
cua hé théng. Viéc két hop k§ thuat didu khién SMC
thich nghi va b PI kinh dién trén hé RT020 nham
tan dung kha nang thich nghi ctia bo SMC dé khic
phuc han ché caa bo PI ¢é dinh. Mic du hé RT020
kha tuyén, nhung thoi gian tré 1a mot yéu t6 can
quan tAm va kho kiém soat trong diéu khién (Gopika
& Latha, 2016). Bong thoi, cong cu giao tlep gitra
MATLAB va hé RT020 théng qua card truyén thong
Labjack (LabJack Corporation , 2003) da dugc phat
trién hoan thién boi Nguyén Chi Ngén (2011), nén
RT020 hoan toan thich hop dé kiém ching cac giai
thuat diéu khién.

Bo diéu khién dugc xay dung dé kiém nghiém
thuc té trong nghién ciru nay gdom 2 thanh phan la
Bo diéu khién PI truyén thong va bo SMC thich nghi
duya theo mang neuron RBF. Hai bo diéu khién nay
cung tham gia qua trinh kiém soat hé RT020. Khi ¢6
su bién dong cua diéu kién thuc té, bo diéu khién PI
v6i tham s6 ¢6 dinh c6 thé khong du linh hoat, thi
b6 SMC thich nghi s& dam nhan vai tro d6. Trong
qué trinh thiét ké bo SMC thich nghi, mot vai tham
s6 cua mat trwot van phai duoc xac dinh theo kinh
nghiém. Do d6, nghién ctru nay ky vong thuc
nghiém thuc té c6 thé cho phép khao sat anh huong
cua viéc lya cac tham sd nay, dua theo cac tiéu
chuan chat lugng quen thudc.

2. PHUONG PHAP NGHIEN CUU

2.1. Doi twgng diéu khién

Cau truc cua hé 6n dinh luu luong RT020 (Gunt,
2004) dugc trinh bay trén Hinh 1. Chét long trong
bon chira (5) duge bom vao mang diéu tiét bing may
bom (4). Luu lugng chat long & trong mang c6 thé
tang hay giam dwoc bang valve tiét luu (2) hoac thay
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dbi cong suat may bom (4). Tinh trang hoat dong va
cac cong tic diéu khién dugc bd tri trén bang (3).
Luu lugng chét long trong mang dugc do boi cam
bién (6), dong thoi biéu kién boi luu lugng ké kiéu
phao (1). Nhiém vu cua bo diéu khién 1a kiém soat
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cong suat cua valve tiét luu (2) dé luu lugng chét
long trong mang duoc duy tri & trang thai 6n dinh
ma ngudi van hanh dat trudc, bu trir dugc véi bién
ddi cua toc 6 bom. Thong sb k thuat ciia hé RT020
duoc trinh bay trong Bang 1.

6 5

Hinh 1: CAu tric h¢ 6n dinh luu lwong RT020

1: luew lwong ké kiéu phao, 2: valve tiét hieu, 3: bang hién thi va diéu khién, 4: bom, 5: bon chira, 6: cam bién heu

luong

Bang 1: Mgt s6 thong s6 k¥ thuit ciia RT020
Dai lugng Gia tri Pon vi
Dung tich bon chira 3 L
Cong suat may bom 18 w

T{)c d6 bom téi’da 8 L/min
Toc do yalve tiet luu 0,7 m3/h
Cam bién luu lugng 05-3 L/min

Kich thudce (D x Rx C) 600 x 440 x 560 mm
Trong lugng 19 kg

2.2. Thiét ké b diéu khién
2.2.1. Diéu khién trurot truyén thong

Mot cach tong quat, xét mot hé thong phi tuyén
bac hai nhu sau:

Mot cach tong quat, xét mot hé thong phi tuyén
bac hai nhu sau:

6=1(0,0)+9(8,0)u+d(t) (1)

Trong d6, f(0,0)va g(0,0) la cac ham phi
tuyén, u eRvadeR Iein luot 1a ngd vao va ngd ra
cta hé thong, d(t) 1a nhi€u tic dong tir bén ngoai va
bi chan beoi |d(t)|<D.

Goi tin hiéu tham khao 1a 6y thi sai s6 hé thong
la:

e=0,—0 )

Ham truot dugc dinh nghia sao cho hé kin on
dinh va dap ung cua hé bam theo tin hiéu tham khao.
Ham truot dugc thiét ké nhu sau:

s=é+le 3
V6i Ala hang s6 dwong.

Thay (2) vao (3), ham trugt dwoc viét lai nhu
sau:

s=(0a—0) + (62— 6) (4)

Liy dao ham cua s va thay 6 tir (1) vao, thu
duoc biéu thue nhu sau:
d(t) + A6, — 6). (5)

Theo ly thuyét 6n dinh Lyapunov, chon mot ham
xac dinh duong:

V=52 6)
Tur phuong trinh (6) suy ra:
V=s.5$ (7
Dé V xac dinh am, chon § = —k sgn(s), thay s
vao (7) dugc:
V = —sk sgn(s) (8)

v6i k 1a hiang sb duong chon truéc. Tir (8) ta
thdy, néu s>0 thi sgn(s) = 1 — V < 0, néu s<0 thi
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sgn(s) =-1 - V <0 vanéus =0 thisgns)=0—
V =0. Tirc 14, khi t — oc thi V <0, ching to h¢ thong
s& 6n dinh theo tiéu chuan Lyapunov.

Nhu vay, luat diéu khién cua bo didu khién truot
duoc chon nhu sau:

Uy = 3[—f + 84 + 26 + ksgn(s)] ()

2.2.2. Diéu khién truot thich nghi ding mang
neuron RBF

Tir phuong trinh tong quat ciia hé thong (1), ta
thiy trong thuc t& ciac ham f(6,6) va g(6,6)
thuong 1a cac ham phi tuyén va chua biét truge. Vi
vay, viéc thiét ké luat truot truyén thong sé gap khéd
khan. Nghién ctru nay st dung hai mang neuron
RBF dé xap xi cac ham f(6,6) va g(6,6) trong
luat truot (9). Ca hai mang neuron RBF nay déu c6
cAu tric [2-5-1], véi 2 nit vao, 5 nat Gauss va 1 nit
ra dugc trinh bay trén Hinh 2.

h.f.(x)

&(x)

Hinh 2: CAu tritic mang neuron RBF

Thuat toan ding mang neuron RBF dé nhan
dang hai ham £ (x) va §(x) la:

_ llx=c;||”
hf|g]_ = exp (—ijz_

f(x) =W Thy (x) + &
GOx) =V"Thy,(x) + ¢

(10)

Trong d6, X 14 ngd vao cua mang; j 1a sé 16p an
cua mang; hf|gjlé ngo ra cua cac ham Gauss; W* va
V* 1a ma trdin trong sb; &rva g, 1a sai s6 Xap xi ciia
mang; f(x) va §(x) 1a cac ngd ra xap xi cua mang.
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Ngd vao cua mang dugc chon la véc to x =
[x1x,]T = [e&]", s6 ham Gauss j = 5 va néu bé qua
sai S0 xap Xi thi ngd ra ciia mang neuron RBF la:

fe) =wWTh(x), §0)=VThy(x) (11)

Trong d6, he(x) va hy(x) la ngd ra cidc ham
Gauss.

_Khi da uéc lugng duoc f(x) va g(x) tin higu
diéu khién (9) duoc thay thé thanh:

Usye = ﬁ[—f(x) +0,+ 2é + ksgn(s)] (12)
Thay (12) vao (5), ta c6:
§=0,—f—gu+(§—gu—d() +2é
=0u~f=G55[-f00 + 8+ 26+
ksgn(s)] + (§ — g)u —d(t) + Aé

=~(f—f) —ksgn(s)+(@G—9u-—
d(t) =f —ksgn(s)+ gu—d(t)

= WThy(x) — & — ksgn(s) +
(VThy(x) — g5)u — d(b). (13)

VeI W =W*—W,V =V*—-V. Va:
f=f—f=WTh(x) = WThe(x) -

Sf = WThf(x) — Sf (14)
G =-g=VThg(x) =V Thy(x) — g5 =
VThy(x) — &4 (15)

Theo 1y thuyét Lyapunov, ham xéac dinh dwong
duoc chon nhu sau (Ye et al., 2020; Miqoi et al.,
2019):

L=2s24+—WTW +—VT7(8)
2 2y, 2y
Vé&iy1>0vay.>0.

Ly dao ham hai vé (16) va thayscua (15) vao,
thu duoc:
1

..,T.L
Ty 9)

L=ss+—WTW +
1
= s(WTh(x) — & — ksgn(s) +
5T _ _ _l NTA _i’-’T}\
(VThy(x) — &5)u —d(t)) —WTW -V 7(10)

=W (shf(x) - 711 vT/) +77 (Shg (xX)u —
il?') + s(—sf —ksgn(s) —ggu— d(t)) (11)

Luét thich nghi duoc thiét ké nhu sau:
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W = sy (12)
V = —y,shy(x)u

Thay W va 7 tir (20) vao (19) thu duoc:

L =s(—g —ksgn(s) —gu—d() (13)
= (—ef — gqU — d(t))s —sksgn(s) (14)

Do sai s6 Xap Xi & va g di nho, nén ta c6 thé
chon (—& —eyu—d(t)) =0. Khi d6, phuong
trinh (22) dugc viét lai nhu sau:

L = —sksgn(s) (15)

Véi k 1a hang sé duong chon trudc.

Phuong trinh (23) cho thay néu's > 0 thi L < 0;

néus<O0thi L < Ovanéus=0thiL =0, ching to
hé thong s€ 6n dinh theo tiéu chuan Lyapunov.

Bang 2: Anh hwéng cia viée ting {Kp, Ki} dbi véi dap
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2.2.3. Dieu khién két hop PI-SMC

Bo diéu khién tich phan ty 1& PI theo (24) dugc
4p dung nhiéu trong cong nghiép, nho hiéu qua dap
ung va tinh don gian cua noé (Huang, H. P. & Jeng,
J. C., 2005).

up = Kpe(t) + K; [ e (t)dt
() = Xrey (6) — X(©

Trong d6, Ky va K; lan luot 1a do loi ti 1¢ va do
loi tich phan cua bo diéu khién; Xee(t) 1a tin hiéu
tham khao va X(t) 1a dép &ng cua dbi tugng. Nhiém
vu ciia nguoi thiét ké bo dicu khién PI 14 chon lya
bo gia tri {Kp, Ki} thoa man cac yéu cau vé chat
lwong diéu khién. Viéc ting cac thong s {Kp, Ki}
anh huong dén thoi gian tang (rise time), d6 vot 16
(overshoot) va thoi gian xac 1ap (settling time) cua
dap g, dugc cho trong Bang 2 (Kanagaraj et. al.,
2008).

tng cia hé thong diéu khién

(16)

Ting dé loi Thoi gian ting Do vot 16 Thoi gian xic lap Sai s6 xac 1ap
Ko Giam Ting Thay d6i it Giam
Ki Giam Tang Tang Triét ti€u

Bo6 diéu khién PI ap dung cho thiét bi RT020
duogc Gunt (2021) tich hop sin trén giao dién Hinh
3. Phin mém nay c6 thé kiém soat 6 thiét bi,
tir RTO10 dén RT060. Trong nghién ctru nay, mo
hinh dwoc chon dé thuc nghiém 1a hé 6n dinh luu
lwong chat long — RT020. Bo diéu khién PI duoc
chay véi bo thong sé mic dinh K,=0,01 va T,=0,5

nham duy tri luu lugng chét long tai 120 I/h, két qua
nhu Hinh 4. Luu ¥, thoi hing tich phan T, trén Hinh
4 quan hé voi thong s6 Ki nhu sau: Ki=Ky/Ty=
0,01/0,5=0,02. Két qua Hinh 4 cho thdy ngd ra luu
lwong X (dap tng) bi vot 16 hon 13,33% so véi luu
luong tham khao W, dong thoi luu lwong ngd ra X bi
dao dong nhiéu, khi tin hiéu diéu khién Y bi gon
song.

FLOW CONTROL UNIT

4 \:\
o | I—e \
- |
i z. Eafe. )
- [
_ cum [= = .
b -
TEMPERATURE CONTROL UNIT SPEED CONTROL UNIT LINEAR POSITION CONTROL UNIT

Hinh 3: Cac md hinh diéu khién caa Gunt
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Hinh 4: Két qua diéu khién P1 h¢ RT020 trén phan mém Gunt

Nhu d3 d& cap, véi bo tham sé ¢b dinh, bo diéu
khién PID néi chung va bo diéu khién PI néi riéng,
hoat dong kém hiéu qua, khi cé sy bién dong ddi
tuong hay diéu kién thyc té. Vi thé, dé dam bao chit
luong diéu khién, can c6 thém mot co ché clng tac
dong, co kha nang thich ung véi sy bién ddi nay.
Viéc két hop gitra bo diéu khién PI truyén thong va
b6 SMC thich nghi, goi tét 1a bo diéu khién PI-SMC

Adaptive

1a mét lya chon nham khéc phuc van dé nay. Bo diéu
khién dé xuat c6 cau trac nhu Hinh 5. Vi cau trac
nay, tin hiéu diéu khién la:
U = Ugyc + Upy (17)
Trong d6, ugy 14 tin hidu didu khién truot thich
nghi va up,1a tin hi¢u didu khién PI.

A4
A

mechanism

v

RBFNN |«

> ANSMC
»| Controller
T H et PI Controller

J'f(«r)-é(«r)

-

&

RT020

S F

v

Hinh 5: Nguyén ly diéu khién két hgp P1-SMC
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3. KET QUA VA THAO LUAN
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_Dua trén so' d6 Hinh 5, m6 hinh thyc nghi¢m
diéu khién két hgp PI-SMC duogc xay dung trén
MATLAB/Simulink, dugc trinh bay nhu Hinh 6.

StepT

SetPoint

ANSMC Contreller

Pl Controller —
Add

f : | TIL%JF—LM:
il

Rate Limiter  Saturation

Saturation1 Scope Data

SwW ’—b
s
Flow Contrel Unit
m RT020

Tum ON Flow Control Unt

Hinh 4: B diéu khién két hep PI-SMC thuc nghiém

Thuc nghiém thir nhat duoc tién hanh véi thoi
gian t = 40s, toc d6 ldy mau 1a Ts = 0,1s, thong s
cta b didu khién PI mic dinh 1a K, = 0,01 va K; =
0,02 (hay T»=0,5), théng sb ciia bo SMC thich nghi
dugc  khoi tao la by = 5 @ ¢;=

-5 —-25 0 25 5

-5 —=25 0 25 5
(0, 1) va hé sb mit truot trong (3) duoc chon A = 1.
Dap wng cua hé RT020 duoc trinh bay & Hinh 7. Két
qua nay cho thdy dap tung luu luong cia hé RT020
bam dugc luu lwong tham khao. Tuy nhién, chét
lwong didu khién chua dugc tét tai cac thoi diém luu
lwong tham khao thay déi dot ngot theo ham néc.
Diéu nay cho thdy, thuc té viéc chon lya cac gia tri

, W* va V" ngau nhién e

khoi tao cia mang neuron RBF va hé s6 A cua mat
trugt co tac dong dén chat luong diéu khién.

Do vay, cac & cac thuc nghiém tiép theo, cac
tham sé trén dugc thay doi va dwa vao mot s tiéu
chi co ban dé danh gia chét luong diéu khién. Hai
tiéu chi dwoc s dung gdm IAE (Integral of the
Absolute value of the Error) va IATE (Integral of
the time weighted Absolute value of the Error), dinh
nghia boi (26) va (27):

IAE = ["|e(t)|dt (18)

IATE = [ t|e(t)|dt (19)
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Hinh 5: Két qua thuc nghiém 1 bp diéu khién két hep PI-SMC

Bang 3, Bang 4, Bang 5 va Bang 6 trinh bay két
qua cua 20 thuc nghiém khac nhau, ma moi thuc

nghiém cac tiéu chi IAE va IATE tuong tng duoc
tinh toan, nham so sanh va chon lya bo tham s6 tot
nhat cho hé diéu khién.
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Bang 3: C6 dinh bj, A va thay déi ci

Tdp 57, S6 6A (2021): 1-10

T B¢ thong SMC Tiéu chi
b ) ci IAE IATE
-1 =05 0 05 1
1 [_1 05 0 05 1 233 4230
-1 =05 0 05 1
2 5[_1 05 0 05 1 220 4097
-1 =05 0 05 1
3 5 1 1077 0% o os 1l 218 4124
-1 =05 0 05 1
4 2075 T8 o os 4] 233 4238
-1 =05 0 05 1
5 30[_1 05 0 05 1] 238 4377
Bing cho thiyc; = A s6 nhé nhat. Tiép theo, ta tién hanh c6 dinh cjj, A

5

-1 -05 0 05 1
-1 -05 0 05 1

l1a tham so c¢6 tiéu chi

Béang 4: C6 dinh cij, A va thay dbi b

va thay ddi bj.

T B¢ thong s6 mang Tiéu chi

b; A Cij IAE IATE
1 10 226 3972
2 20 228 4180
3 30 1 I 232 4197
4 3 ’ ’ 236 4305
5 15 232 4188

Bang 4 cho thay bj=20 1a b tham s6 ¢4 tiéu chi
sai s0 nho nhat. Tiep theo, ta tién hanh c6 dinh by, cjj

va thay ddi 2.

Bang 5: C6 dinh bj, cij va thay déi A

~ Bang 5 cho théy A=5la tham,sé ¢ tiéu chi sai
s0 nho nhat. Tiep theo, ta thu tien hanh thay doi
dong thoi b tham s6 b;, cij va A.

B thong s6 mang

Hai tiéu chi

T b; A Ci IAE IATE
1 1 180 3196
2 5 182 3192
3 20 10 1 Tos o os 4 182 3189
4 15 ' ’ 182 3222
5 30 185 3292

Bang 6: Pdng thoi thay ddi ca 3 thong sé
T Bo thong s6 mang Hai tiéu chi
bj A Cij IAE IATE
-1 -05 0 05 1
1 15 157 o5 0 05 1 183 3234
-1 -05 0 05 1
2 15 5 15 ~1 -05 0 05 1 176 3192
-1 -05 0 05 1
3 20 50 2027 g% 0 o5 1 184 3181
-1 -05 0 05 1
4 30 30 30 -1 —05 0 05 1 192 3297
-1 -05 0 05 1
5 13 13 13 1 —05 0 05 1 183 3263
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Nhan xét: Qua nhiéu lan kiém nghiém tir Bang
3 dén Bang 6 co thé thay rang bo thong sb cho két
qua tot nhit la: by = 15 ¢ =
15 j :g:g 8 gg 1 va A =5 véi két qua
dap ung luu lugng dugc trinh bay & Hinh 8. Céc thuc
nghiém nay chua thé xac dinh dugc gié tri toi uu cua
bo tham s6 (bj, Cij, ), nhung né cho ta nhin nhan mot

Tdp 57, S6 6A (2021): 1-10

céch tong quat vé anh huong thuc té cua viéc khoi
tao b tham sb nay 1én chat lugng diéu khién. C6 thé
thdy rang, chi thong qua thuc nghiém mai cé thé
danh gia dugc téng thé vé tac dong cua cac tham sd
khai tao cia bo diéu khién, diéu ma hau hét cac cong
b thuong khong trinh bay mot cach chi tiét.
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Hinh 6: Két qua thuc nghiém cho dap ng tot nhat

Két qua thuc nghiém trén Hinh 8 ¢ céc tiéu chi
IAE = 176 va IATE=3192 la cap ti€u chi co gia tri
sai s6 nho nhat. Ung véi bo tham sb khoi tao by = 15,
cij=15[.] va A = 5, bo diéu khién két hop PI-SMC
duoc so sanh vai bo didu khién mac dinh PI trén hé
RT020, cho két qua hién thi can canh khoang thoi
gian qua dg, dugc minh hoa trén Hinh 9.

120

100 Lkl
T a0 — — —X_ref
= X_PID-SMC
S T A X_PI
i 60
=}
5
g 40

20

0
0 1 2 3 4

Time (s)
Hinh 7: So sénh két qua thuc nghiém giira bd
dieu khien PI-SMC va PI
Tai bo tham sé nay, dép tmg luu luong hé RTO@O
duoc cai thién dang ké so vai khi ap dung bo diéu

khién Pl mac dinh, véi d¢ vot 16 nho hon 5%, thoi
gian xac 1ap nho hon 2 gidy va sai s6 xac 1ap nho
hon 0,3 1/h.

4. KET LUAN VA PE NGHI

Giai phap két hop bo diéu khién PI truyén thong
va bo diéu khién truot thich nghi dung mang neuron
RBF di dugc dé xuit va kiém nghiém trén hé 6n
dinh Iuu luong chét long RT020 cua hing Gunt-
Hamburg. Két qua thuc nghiém chiing to rang viéc
chon lya gia tri khoi tao ciia mang neuron RBF gém
ma tran tdm va d6 rong cia cac ham Gauss, cung véi
hé s6 mit truot co anh huong Ién dén chit luong
diéu khién, thé hién thong qua cac tiéu chuin chat
lwong IAE va IATE. Qua trinh thyc nghiém cho thay
co ché truot thich nghi hoan toan c6 thé sir dung dé
khéc phuc han ché vé viéc c¢b dinh tham sé cua bo
diéu khién P truyén thong. Véi gié tri khoi tao cua
bo tham sé dugc chon, bo diéu khién két hop PI-
SMC di cai thign tot dap tmg luu lugng trén hé
RT020, vai d6 vot 16 thap hon 5%, thoi gian xac 1ap
nho hon 2 gidy va sai s6 xac 1ap nhé hon 0,3 lit/gio.
Ky thuat diéu khién nay hoan toan c6 thé 4p dung
cho cac ddi tugng phi tuyén khac ma & dé bo diéu
khién PID truyén théng vai tham sb ¢ dinh khong
dap tng duoc yéu cau vé cht luong didu khién.
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