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Tom tat:

Piéu khién mirc nudc bao hai trong cadc nha may nhiét dién nham dam bao tuong quan can bang
gilra lugng nudc cap dau vao va lugng hai qua nhiét dau ra cta hé thong 10 hoi. N6 dugc coi la trai
tim cla hé thdng diéu khién 10 hai von di 1a mét hé théng phic tap véi hang trdm tham s& can dugc
gidm sat va diéu khién. Hién nay, hau hét cac nha may nhiét dién dang st dung bd diéu chinh PID
truyén théng dé khéng ché mdc nudc bao hai. Nhuge diém cua loai bd diéu khién nay l1a kha nang
cdp nhat tham s6 nghéo nan, chinh dinh thi cdng va chét lugng diéu khién khdng cao. V4i su' phat
trién cla ly thuyét diéu khién hién dai, viéc thay thé& cac bd diéu khién kinh dién PID bdi cac bd diéu
khién thong minh dang la xu thé mdi day hiéu qua ngay nay. Bai bdo nay dé xuét hai giai phap diéu
khién thdng minh (thg dung logic m& va mang naron cho hé théng diéu chinh 8n dinh mirc nudc bao
hai. Bd diéu khién NARMA-L2 (fng dung mang tri tué nhan tao la d& xuit mdi ciia nghién cltu, mang
lai hiéu qua diéu khién vugt trdi khi so sanh véi cac gidi phap diéu khién kinh dién cling nhu st dung
bd diéu khién logic m&. Cac két qua md phong trén phan mém MATLAB/Simulink véi cac tham s8
thuc cia Nha may Nhiét dién Pha Lai 2 d& minh chng cho hiéu qua cla chién luge diéu khién da
dé xuat.

T khoéa:
Bao hdi, mic nudc, diéu chinh tang, bd diéu khién thdng minh, NARMA-L2.,

Abstract:

Boiler drum level control in thermal power plants aims to balance the input water flow and the
superheated steam in the output of the boiler. It is assumed to be the heart of the boiler control
system including hundred parameters need to be observed and controlled. Currently, most thermal
power plants are applying classical PID regulators to control the water level of the steam drum. The
disadvantages of these controllers include the difficulty of parameter update ability, manual
regulation and poor control performances. With the development of the modern control theory, it is
effective to replace the conventional PID regulators with intelligent controllers. This paper proposes
two smart control strategies applying fuzzy logic and neural network to stabilize the drum water
level. An artificial neural network-based controller, namely NARMA-L2, is the novel contribution of
this study, dedicating the better control performances in comparison with the conventional control
scheme as well as the fuzzy logic based controller. Simulation results using MATLAB/Simulink
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package with real parameters of Pha Lai 2 conventional thermal power plant verified the efficiency of

the proposed control strategy.

Keywords:

Boiler drum, water level, cascade control, intelligent controllers, NARMA-L2.

1. GIOI THIEU

Lo hoi, v6i trai tim 13 hé théng bao hoi, 1a
thanh phén quan trong bac nhét trong mot
nha may nhiét dién. Bao hoi chinh 1a noi
ma nudc va hoi phan tach nhau, trude khi
tr¢ thanh hoi qua nhiét dua di sinh cong
lam quay tuabin may phat. Do do, cac qua
trinh trong bao hoi ¢6 anh hudng tryc tiép
dén qua trinh sinh cong cta tuabin va Vi
vay anh huong dén cong suit du ra cua
may phat dién cling nhu anh huéng dén
su van hanh 6n dinh cua hé théng dién
[1-2].

Trong hé théng bao hoi, diéu chinh mirc
nuée bao hoi 1a mot trong nhiing van dé
c6 y nghia séng con. Trong nhitng tinh
hudng xau, néu muc nudc bao hoi qua
thap thi nhiét d va ap suét trong 16 hoi va
cac duong 6ng ting cao bat thuong, c6 thé
gay ra su cd phd huy 10 hoi ciing nhu cac
duong ong din. Néu mirc nudc bao hoi
qué cao s& dan dén hién tuong hoi sau bao
hoi ¢6 chtra nhiéu nudce, anh hudng truc
tiép dén hiéu suit ctia qua trinh sinh cong
cua hoi qua nhiét [3-4]. Vi vay, mirc nudc
trong bao hoi can phai dugc diéu chinh 6n
dinh & mot gidi han cho phép lan can gia
trj dat trude dé can bang ning luong cua
16 hoi va dam bao an toan cho céc thiét bi
trong hé théng 16 hoi cling nhu tuabin.
Thong thudong, mot hé théng diéu chinh
mirc nuéc bao hoi can phai dap tmg duoc
cac yéu cau sau [5]:

(a) biéu khién muc nudc trong bao hoi
ngang bang véi diém dat;

(b) Giam thiéu twong tac hé théng diéu
khién chay;

(¢) Thay d6i mirc nude trong bao hoi bam
nhanh theo su thay doi ctia phu tai;

(d) Can bang lugng hoi ra va lugng nudce
cap vao bao hoi;

(e) Bu thay d6i ap sudt nudc cap khong
dao 10n tuan hoan nudc va dich diém dat.

Trong thuc té hé théng diéu khién 16 hoi
n6i chung va hé thdng diéu khién muc
nudc bao hoi noéi riéng luon chiu anh
huong cta rat nhiéu tham sé nhu luu
lugng nude cap, nhiét do, ap suit cua 1o
hoi,... Do d6, viéc diéu khién on dinh
mirc nudc bao hoi & mot gia tri dat mong
mudn 1a mot cong viée rat kho khan. Hién
nay, phuong phdp dugc dung & cac nha
may nhiét dién 1a ing dung bo diéu khién
PID truyén thdng. Nhugc diém cta bo
diéu khién loai nay 1a do mirc nudc bao
hoi lién tuc thay doi trong qua trinh van
hanh 16 hoi nén yéu cdu ngudi van hanh
phai cap nhat cac bd tham sb ciia bo didu
khién PID lién tuc dé dap tmg chét luong
qua trinh diéu khién. Viéc 1am nay vira
mang tinh thu cong lai vira kho dap ung
duoc yéu cau chat luong diéu khién cao
[5-8].

Véi sy phat trién vuot bac cia khoa hoc
ky thuat, cac giai phap diéu khién thong
minh Ung dung logic m¢ va tri tu¢ nhan
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tao ngdy cang phat trién. Nhiing nghién
ctru ing dung cac bo diéu khién nay vao
hé thdng diéu khién mutc nudc bao hoi da
thu duoc nhitng két qua kha quan trong
twrong quan so sanh vé6i cac giai phap diéu
khién truyén thong dung bd PID di noi ¢
trén. Trong bai bao nay cac tac gia sé tap
trung vao viéc so sanh cac chién lugc diéu
khién mirc nuéc bao hoi thong minh sir
dung logic mo, mang noron véi bd diéu
khién truyén thdng PID. Cac tac gia da dé
xuat mot bd didu khién mirc nudc bao hoi
mdi dya trén mang noron, véi tén goi la
NARMA-L2. Y tuéng xuyén sudt cua
viéc thiét ké bd diéu khién loai nay 1a
ngudi ta tim cach xp xi ddi twong diéu
khién phi tuyén bang mot déi tuong diéu
khién tuyén tinh thong qua viéc loai bo
cac thanh phan phi tuyén. Viéc xap xi nay
s€ duoc thuc hién b?lng cach dua ra mot
md hinh twong tmg voi dbi tuong dang
khao sat, sau d6 sir dung mot mang noron
dé nhan dang va xap xi mo hinh nay. M6
hinh sau khi nhan dang bang mang noron
s& duoc ding dé thiét ké cac bo didu
khién tuong tng.

Cac dong gbép cua nghién cuou nay tap
trung vao:

(i) M6 hinh héa va tong hop bai toan diéu
khién mtrc nuée bao hoi theo so dd didu
khién ndi tang ba muc tin hiéu: nudc cap,
murc nudc bao hoi va hoi qua nhiét dau ra.
(ii) Khao sat cac chién lugc didu khién
tmg dung cho mach vong diéu khién ndi
cap phia ngoai dé diéu chinh 6n dinh mirc
nudc bao hoi.

(iii) D& xuat bo didu khién NARMA-L2
mg dung mang noron dé khong ché mic
nudce bao hoi.
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Pé minh ching cho hiéu qua cia cac giai
phap diéu khién mirc nudc bao hoi da st
dung, dic biét 1a bo didu khién moi
NARMA-L2, bai bao da xdy dung md
hinh mé phong véi cac tham s6 caa Nha
may Nhiét dién Pha Lai bang coéng cu
MATLAB/Simulink. Cac két qua md
phong da khang dinh wu thé vuot trdi cia
chién lugc diéu khién méi da dé xuit
trong bai bao.

2. CAU TRUC HE THONG PIEU KHIEN
MU'C NUO'C BAO HOI

2.1. So’ do cau tric hé thong diéu chinh
mirc nwéc bao hoi

L(s)

of
A

(s )

(50)«
Hhh1.Sadécéuﬁ0c@éucﬁnhmwcnwéc
bao hoi ba mach vong dieu chinh cia nha may
nhiét dién
Hinh 1 md ta so d0 céu tric diéu khién
tong quat cua bai toan diéu chinh va on
dinh mac nudc bao hoi trong mdt nha
méy nhiét dién. O day, trai tim cia so do
diéu khién 13 16 hoi v6i hé thdng bao hoi,
noi can phai kiém soat mirc nuéc bao hoi
& dau ra. So d6 diéu khién nay gom 3
mach vong diéu chinh [5, 8]. Bé cip nudc
cho 16 hoi, ta can hé thong van cap véi bd
diéu chinh twong tmg 1a R,. D6 1a mach
vong diéu chinh thtr nhat. Mach vong diéu
chinh thr hai 1a mach vong bu nhiéu luu
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luong hoi qua nhiét dau ra véi bo didu
chinh 1a Rsg(s). Mach vong phia ngoai
cung ta c6 bo diéu chinh th ba la Ry ding
dé diéu chinh truc tiép mac nude bao hoi.
Dé do dac cac tham s can diéu khién nhu
luu lwong nudce cdp, mirc nude trong bao
hoi va luu lugng hoi qua nhiét dau ra cia
bao hoi, ta sit dung cac cam bién Sk, Sh,
va Sge. Nhu vay, cAu tric diéu khién &
trén gdm c6 ba mach vong diéu chinh va
day 1a so d6 diéu khién t6i wu dé kiém
soat mirc nudc bao hoi trong mot nha may
nhiét dién.

2.2. M6 ta toan hoc cau truc diéu chinh
mirc nwéc bao hoi

Pé phuc vu cho viéc nghién ctru cac chién
lugc diéu khién cho hé théng kiém soat
mirc nudc bao hoi, trude hét ngudi ta can
xdy dung cac ham truyén cho cac khoi
clia so d6 cau trac diéu khién hinh 1. Trén
thuc té, viéc thiét 1ap cac ham truyén dat
nay la rat phirc tap vi nd phu thudc vao
nhiéu tham sb trong nha may nhiét dién
va hau hét déu chira cac yéu t6 phi tuyén
va bat dinh. Dé thiét 1ap duoc cac ham
toan hoc cua dbi tuong diéu khién, ta sir
dung qui trinh nhan dang [8]. Ham truyén
dat ctua cac khau trong hinh 1 nhan duogc
sau qua trinh nhan dang nhu sau:

Ky

D(s) = s(Tyys +1)(2T,,5+1) @)
K,
Ve = (Tys+1)(Tpp 5 +1) @)
KB
N(s) = m (3)

Céac tham s6 c6 dugce & cac biéu thirc trén
dugc rat ra tor qua trinh nhan dang tham
sd trong qua trinh van hanh thyc té cua
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nha may. Bo tham s6 duoc sir dung dé mo
phong trong phan sau cua bai bao nay sé
dugc dua ra trong phan phu luc.

2.3. Téng hop cac mach vong diéu chinh

Tir so d6 diéu khién trong hinh 1, nhu da
trinh bay & trén, ta thiy c6 ba mach vong
didu chinh can duogc tong hop. Ching bao
gdbm mach vong diéu khién luu luong
nude cap, mach vong diéu khién bu nhiéu
luu luong hoi va mach vong diéu chinh
mirc nudc bao hoi. Ta 4p dung tiéu chuan
t6i vu modul dé tong hop cho cac mach
vong diéu khién nay. Ham truyén dat theo
phuong phap modul t6i wu dugc mé ta
trén mién toan tr Laplace nhu sau [9]:

1

W ()=
m (%) 27°s% + 275 +1 (4)

Ham truyén dat chuan trong phuong phap
modul t6i wu thuong dugc st dung dé
hiéu chinh lai dic tinh tan s & vung tan
s6 thip va trung binh. N6 mang lai chat
luong dong va sai léch tinh rat tot.

2.3.1. Téng hop mach vong diéu khién Iwu
Iwong nwérc cap

So db tong hop mach vong diéu chinh luu
lugng nude cip dugc thé hién qua hinh 2.

Hinh 2. Téng hop mach vong diéu khién
Iwu lwong nwéc cép

Can béng ham truyén hé kin cua mach
vong di€u khién luu lugng nudce cap voi
ham truyén modul toi wu:
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SrRy(5).V(s)
1+ SyRy(s)V(s)

= Wa(s)
d 1 (5)

- 27252+ 2ts+1

Wi (s) =

Két hop v6i (2), sau khi chon 7 = Ty,
khau diéu chinh Ry(s) thu dugc nhu sau:

1
R, (s) = K,
2T,,5.5¢ T,,5+1
25 (1 e) (s (20
o Tys+l
2T,,.5¢ .K,S
1
=K, +— 6
P1+TS (6)

Tir (6), khau diéu chinh mach vong phia
trong diéu khién luu lwong nudc qua viée
dong mo cac van cdp nude thu duoc la
mot khau PI.

2.3.2. Téng hop mach vong diéu khién bu
nhiéu lwu lweng hoi

Sau khi tong hop mach vong diéu khién
lwu luwong nude cdp, ham truyen dat cua
toan b mach vong diéu khién phia trong
chinh 12 ham chuan téi wu modul. Bé tong
hop mach vong diéu khién bu nhidu luu
luong, ta xét so dd sau:

Wii(s) Ssr

=

Hinh 3: So’ d6 tbng hop mach vong bu nhiéu
Iwu lwong hei qua nhiét

Str dung phu’orng phap xép chdng tin hiéu
cho hé théng tuyén tinh, xét ting tin hiéu
dau vao Qj(s) va L(s), ta tim duwoc ham
dau ra:
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1
H(s) = Hy(s) + H (s) = EWQ(S).D(S). Qi(s)

Ssp
+ [N(s) - ;—F Wy (s).D(s). RSF(S)] L(s)
(7)

DPé dau ra y(t) chi phu thudc vao luu
lwong dau vao q;(t) thi thanh phan thir hai
phai bi tri¢t ti€u, nghia la:

22 Wo(s). D(s)- Rsr () = N(s) ®)

Tir d6 ta tim duoc ham truyén cta khau
bu nhiéu nhu sau:

Sp.N(s)
SSFWQ(S)D(S)
s _Ks
_ Fs(Tgis +1)
T 1 K, 9
SF' 21252 + 215 + 1°s(Tyys + 1)

Rsp(s) =

+2ts+ 1)(Ty1s+ 1)
(Tgis+ 1)

_ Sp.Kp (21°s?

Vé6i khau bu nhidu nay, hé thong s& tro
thanh bét bién v6i nhiéu phu tai luu luong
hoi hay cong suit cia 16 hoi.

2.3.3. Téng hop mach vong diéu chinh
mdrc nwéc bao hoi

Mach vong diéu chinh mirc nudc bao hoi
1a mach vong diéu chinh ngoai cing trong
so d6 da v& ¢ hinh 1. Viéc téng hop mach
vong ndy hoan toan c6 thé tién hanh theo
phuong phép t6i wu modul nhu da thuc
hién & mach vong diéu chinh nudc cap.
Ap dung cic budc tuong ty & trén, ta thu
duoc ham truyén dat ctia bd diéu chinh
mirc nudc:
e, SeTy

2r,K.S,  25,KS,
=Kp, +Tp,.S

R,(s)=

(10)
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Ham tmyén tim dugc cua bo diéu chinh
muc nude bao hoi 1a mot khau PD. Ngoai
cach tong hop theo phuong phap modul
t6i wu ké trén, ta ciing co thé ap dung
phuong phap chinh dinh tryc tiép bo diéu
khién PID. Két qua thu dugc ciing 1a mot
khau PD. Hiéu qua cua viéc téng hop cac
bd diéu khién cho cic mach vong diéu
chinh s& duoc kiém chung ¢ phan 4 cua
bai bao.

3. THIET KE CAC BO DIEU CHINH MUC
NUOC BAO HOI THONG MINH

O trong phén trudc, ching ta di tién hanh
téng hop mach vong diéu khién luu luong
nude cip (mach vong phia trong) va mach
vong diéu chinh mirc nuéc bao hoi theo
tiéu chudn t6i uvu modul. Ngoai ra, mach
vong bu nhidu tai cling da dugc bu dé hé
khong phu thudc vao nhidu. Trong phan
nay, dé tién hanh so sanh chién luoc diéu
khién mirc nudc bao hoi truyén thong sir
dung bo diéu khién PID véi cac chién
luge diéu khién thong minh, ta lan luot
thiét két cac bo diéu khién logic mo va
mang noron.

3.1. B6 diéu khién mo

Diéu khién mo 14 mot trong nhiing giai
phap tng dung kinh nghiém cua chuyén
gia cho van d¢ diéu khién dang xét. Hiéu
qua cia didu khién mo di dwoc khang
dinh qua rat nhiéu cic cong trinh khoa
hoc va thuc tién di dugc cong bd [10].
Trong nghién ctru nay, diéu khién mo
cling dugc ap dung dé khao sat qua trinh
diéu chinh mirc nudc bao hoi trong tuong
quan so sanh voi cac chién luge diéu
khién khéc.

bac diém cua dicu chinh mirc nudc bao
hoi 1a bién d6 dao dong va do qua dicu
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chinh 16n, vi vay lua chon bd diéu khién
m& PD vong ngoai nhim 1am giam d6 qua
diéu chinh, tang cuong do on dinh va lam
cham tdc do thay ddi cua dau ra. Bo diéu
khién mo kiéu PD dugc dé xuat 14 bo diéu
khién mo& dong, c6 hai dau vao 1a sai léch
murc nudc bao hoi ET(t) va dao ham cua
sai léch nay DET(t). Ta lya chon 5 ham
lién thude cho mdi dau vao nay: AV, AN,
K, DN va DV. Ma tran luidt mo va ham
thuéc cho bd diéu khién mo dong PD
dugc dua ra trong bang 1 va hinh 4 [8].

Bang 1. Ma tran luat me
str dung trong nghién ctru

DET | AV | AN | K DN | DV
ET
AV AV | AV | AV | AN | K
AN AV | AV | AN | K DN
K AV | AN | K DN | DV
DN AN | K DN | DV | DV
DV K DN | DV | DV | DV

N(s)

— H@E)

Qi(s) 1
g N oy o

Hinh 3: So’ d6 tbng hop mach vong bu nhiéu
Iwu lwong hoi qua nhiét

pv AN K DN Dy

DN D'\/ I
E o8 | E o8
£ os os
b ) 2 o4
3 oz

ol /
-0.5 -04 -03 -02 -01
ETM dDET(t)

| P 4 N

LA

gyee of merersHp
o
@
Q
=]

02"
/ 0.4 o
100 -50 O dDET() -2 ET()

u®

50 100

Hinh 4. Cac ham lién thudc va quan hé vao ra
cua bo dieu khiéen me dong kiéu PD
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3.2. B6 diéu khién NARMA-L2

Mang noron trong nhitng nim gan day da
duogc nhiéu nguoi quan tim va da ap dung
thanh cong trong nhiéu linh vuc khac
nhau, nhu tai chinh, y té, dia chat va vat
1y hay dy bao phan loai va diéu khién. Két
hop voi logic m¢ mang noron nhan tao da
tao nén cudc cach mang thuc su trong
vi€c thong minh hoa va van nang hoda cac
bo diéu khién k¥ thuét cao cho ca hién tai
va trong tuong lai.

Bo diéu khién NARMA-L2 1a mét trong
nhitng bo diéu khién thich nghi tmg dung
mang noron dién hinh. Y tudng ndi bat
ctia b diéu khién nay 1a xap xi mot d6i
tugng diéu khién phi tuyén bang mot doi
tuong diéu khién tuyén tinh sir dung mang
noron. Mot dbi tuong diéu khién phi tuyén,
khi dugc nghién ciru,co thé biéu dién xéap xi
boi mot dang tuyén tinh hoéa bang cach loai
bo cac thanh phan phi tuyén. Nhimg ddi
twong diéu khién loai nay co thé sir dung
mot mang noron dé nhan dang. Qué trinh
nhan dang cta bd diéu khién NARMA-L2
trong tu mot bd diéu khién mo hinh dy
bao. Budc dau tién dé str dung cac thong tin
phan hoi tuyén tinh 1a nhan dang hé thong
diéu khién. Ta huén luyén mang noron dé
mo ta hé théng dong luc hoc. Xét mot mod
hinh rdi rac duge mo ta theo kiéu mo hinh
trung binh ty hdi qui phi tuyén Nonlinear
Autoregressive-Moving Average (NARMA)
nhu sau:

y(k+d)=N[y(k),y(k=1)...., y(k -n-1),

u(k),u(k -2),...,u(k —=n+1)] (11)

Trong d6 N() 1a mot ham phi tuyén, u()
la thanh phan trung binh truot (moving
average) hay dau vao hé thong, va y() 1a
thanh phan tu hdi qui cta hé théng
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(autoregressive). Phuong thirc nhan dang
1a huén luyén mang noron xap xi ham phi
tuyén N. Theo dé xuat ciia Narendra nim
1997, mot md hinh kiéu NARMA-L2 s&
c6 dang sau:

y(k+d) = f[y(k), y(k—1).... y(k—n+1),
u(k),utk -1),...u(k —m+1)]+

+aly(K), YK -1),... y(k —n-+1), =
u(k =2),...,u(k =m+1)]u(k)

Hay:

y(k+d) = HLy(k,m),u(k ~1,n)]
+gly(k,m),u(k ~1n)] 13)

Luat diéu khién dugc xdy dung khi dat
dugc can bangy(k+d) =y, (k+d), véi
y, (k +d) 14 tin hiéu mong mudn. Tin higu
diéu khién thu duoc s& ¢ dang:

_Ye(k+d)— fly(k,m),u(k —1,n)]

u(k)
gly(k,m),u(k -1,n)]

(14)

Trong do:

fly(k,m),u(k —=1,n)]= f (o)
= fIy(k),.., y(k —n+21),u(k),...,u(k —-m+1)]

gly(k,m),u(k =1,n)]=g(e)
=g[y(k),..,y(k—=n+1),u(k),...,u(k —-m+1)]

K,hi do, ta su dur}g mot mang noron dé
xap xi thanh phan cong f(e)va thanh
phan phi tuyén boi g(e). So do tong quat
tmg dung bo diéu khién NARMA-L2 thé
hién trén hinh 5.

Pé ap dung bo didu khién NARMA-L2
cho qua trinh didu khién muic nudc bao
hoi, ta tién hanh nhan dang hé thdng trudc
v6i cac tham sé phit hop (hinh 6). Céac hinh
(7-10) mo ta cac tap dir li€u nhan dang cua
mo hinh NARMA-L2 dugc st dung trong
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bai bao nay. Két qua mod phong cia bo
diéu khién NARMA-L2 trong twong quan
so sanh véi cac bd diéu khién khéc sé duge
dé cap dén trong phan sau.

M6 hinh | Y- [K]
mau

Tin hi¢u dat

M6 hinh téng [ h(t)
hgp mach
vong trong

Hinh 5. So’ d6 (ng dung b diéu khién NARMA-
L2 dé diéu chinh mirc nwée bao hoi

File Window Help !
Plant |dentification - NARMA-L2
Network
size of Hidden Layer 7 No.Delayed Plantinputs |~ 2 2
Sampiing interval (sec) 2 No. Delayed Plant Outputs | 2 2
Normalize Training Data
Training Data
Training Samples | 2000 Limit Qutput Data
WMaximum Piant Input 1 Waximum Plant Qutpul 10
Minimum Plant Input [} Minimum Plant Output 0
Maximum Interval Value (sec) 0.2 Simulink Plant Model | Browse
Minimum Interval Value (sec)  0.001 ballrepeld
Generate Training Data_ | import Data | Export Data
Training
Training Epochs | 200 Training Function  trainim ~
Use Current Weights Use Validation Data Use Testing Data
Processing sample # 100 of 3000 total samples.

Hinh 6. Bang thong sé Iwa chon cho bo diéu
khién NARMA-L2 st dung cho mé phéng

Plant Input-Output Data — X

Plant Input

1000 2000 3000 4000
time (s)
Plant Output

-10

0 1000 2000 3000 4000 5000
time (s)
Simulation concluded.
Please Accept or Reject Data to continue.

Accept Data Reject Data

v

Hinh 7. D liéu huén luyén vaolra
cua doi twong, dir liéu huan luyén vao/ra
clia mang va sai so

Plant Output

b & b b o

0 1000 2000

Error

0 1000 2000

NN Output

b & kL b o

=1

1000 2000
time (s)

=1

1000 2000
time (s)

Hinh 8. D¥ liéu vao/ra cta déi twong

Input Plant Qutput
0
-2
4
-6
-8
0 500 1000 0 500 1000
Error NN Output

-2

-6

& b o

(=)

500 1000
time (s)

0 500 1000
time (s)

Hinh 9. Tap div liéu kiém tra

Input

Plant Output

L & o

-6
-8
0 500 1000 0 500 1000
Error NN Output
2
0
0 e
4
= %
-8
-4
0 500 1000 0 500 1000
time (s) time (s)
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Hinh 10. Tap div liéu chap nhan sau huén luyén
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4. KET QUA MO PHONG

Dé minh chung cho hiéu qua cua phuong
phap diéu khién mirc nudc bao hoi da dé
xuét trong bai bao nay, & phan mé phong,
tac gia dua ra két qua mo phong cho toan
bo hé théng khi c6 chung tin hi¢u dit cua
muc nudc bao hoi la 100 mm. Ngoai ra,

(ISSN: 1859 — 4557)

mach vong tong hop phia trong, tic la
mach vong diéu chinh lwu luong nudc
cap, duoc gia dinh tong hop bang tiéu
chuin modul t6i wvu nhu di trinh bay &
phan 2 cia bai bdo. So dd mo6 phong tong
thé xdy dung trén cong cu Simulink cia
MATLAB nhu hinh 11.

PD(s) S
PD Controller I—b
[T}
Setpoint
Fuzzy Logic

Controller

NARMA-L2 Controller Switch

QH20

Drum L )
B(s) Water level

‘Water flow sensor

Shl

‘Water level sensor

Hinh 11. S’ d6 mé phéng hé théng diéu khién mirc nwéc bao hoi
rng dung cac bo diéu khién khac nhau

RAVVV) =
------ H(mm) - No control
900 | —==--- H(mm) - Only one controller
------- H(mm) - PD A
800 H(mm) - FLC e
H(mm) - NARMA L2 <
700 d
/
£ T
£ 600
= o
T Ll
E 500 e
= -
g 400 - g
o 50 100 150 200
time(s)
350 T T T £
______ H(mm) - No control
—====- H(mm) - Only one controller
s00l] sereees H(mm) - PD
H(mm) - FLC
H(mm) - NARMA L2
250
E 200
T
3 -
£ 150
= \‘ _____
\\ e
100 - 3 \( I AT —__,‘ _{__ .....
- .&'}\“7/ ,/}
L — e L
50 i - ==
4 v‘.l‘ »”’
. / -
£ g
o
o 10 20 30 40 50 60 70 80 90
time(s)

Hinh 12. Két qua mé phong hé théng diéu
chinh mdrc nwéc bao heoi dung cac b dieu
khién khac nhau

Khi d6, dép ing dau ra cta hé thdng diéu
chinh muc nudc bao hoi cho timg bd diéu
khién dugc thé hién trén hinh 12. Trén
hinh v& nay, chiing ta quan tdim dén nim
truong hop: khong s dung cac mach
vong diéu chinh (No control - dudng nét
dut mau xanh nuéc bién), chi c6 mach
vong diéu chinh phia trong (Only one
controller - duong nét dit mau do), su
dung bd diéu chinh mtrc nudc bao hoi PD
cho mach vong phia ngoai (dudong nét dut
mau xanh 14 cay), st dung bd diéu khién
logic m& (FLC - dudng nét lién mau xanh
nuéc bién) va sit dung bo didu khién
NARMA-L2 (duong mau den dam). Dé
danh gia mot cach s6 hoa cac két qua mo
phong trén hinh 12, ta tinh toan mot sb
tham s6 chat luong diéu khién nhu do qua
diéu chinh, sai s6 xac lap va thoi gian xac
lap cho ndm truong hgp moé phéng dang
xét. Két qua tinh toan dugc dua ra trong
bang 2.
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Bang 2. Két qua so sanh mat sé chi tiéu chat
lwong diéu khién cho cac bo diéu khién mirc
nwéc bao hoi

Khong | Motby | PD | Logic | NARM
diéu diéu mo | A-L2
khién | khién
trong
Po Pic tinh| 40,32% | 7,84%| O 0
qua phan ky,
dlllguh }(héng
QUM | $n dinh
Sai so 1,8 0 0 0
Xac
lap
exI
Thoi 800 210 | 124 48
gian
qua do
(s)

Tir cac két qua mo phong va tinh todn &
hinh 12 va bang 2, ta rt ra mdt s6 nhan
x¢€t sau:

e Khi khong sir dung bat ky mach vong
diéu khién nao thi mic nuée bao hoi la
khong 6n dinh. Puong dic tinh mirc nuéc
bao hoi phan ky di ra xa v6 cung.

e Khi chi c6 mach vong diéu khién phia
trong, khong str dung bd diéu khién mirc
nudc bao hoi cho mach vong diéu khién
phia ngoai, chat luong diéu khién 13 s&
kém v&i cac thong sd di chi ra trong bang
2, mic du mach vong diéu khién phia
trong da dugc tong hop theo tiéu chuan
modul t&i wru (trinh bay ¢ phan 2.3.1).

e Sur dung bo diéu khién PD theo két qua
da tong hop trong bai bao nay dat dugc
chat luong diéu khién twong dbi tot. Tuy
nhién, d§ qua diéu chinh van con va thoi
gian xac lap 1a 16n.

e Sur dung bo diéu khién logic mo loai
PD dat dugc chat luong diéu khién tt
hon (khong c¢6 d6 qua diéu chinh), tuy
nhién thoi gian xac 1ap con tuong dbi dai.

(ISSN: 1859 — 4557)

e St dung bd diéu khién mang noron
NARMA-L2 dat dugc chit lugng diéu
khién 13 t6t nhat. Khong co d6 qua diéu
chinh va thoi gian qua do hay xac lap la
ngan nhat.

Tur nhitng két luan nay, ta co thé rat ra sy
Iya chon tdi wu cho bd diéu khién murc
nudc bao hoi chinh 1a giai phép st dung
cac by diéu khién thong minh. Cu thé 1a
bo diéu khién mo va bo diéu khién
NARMA-L2. Vi nhimg két qua mo
phong nay ciing khang dinh wu thé vuot
troi ctia giai phap diéu khién da dé xuat
trong nghién ctru.

5. KET LUAN

Heé thong diéu chinh mirc nudc bao hoi la
mot trong nhitng thanh phan diéu khién
c6 y nghia tdi quan trong trong van hanh
on dinh mét nha may nhi¢t dién. Trong
bai bao nay, cac tac gia da trinh bay mot
cach khai quat vai trd va cac thanh phan
chi yéu cua hé thong diéu chinh muc
nudc bao hoi. Sau do, céac tac gia da tap
trung nghién ciru va thiét ké cac bo dicu
chinh cho cic mach vong diéu chinh cta
so @6 on dinh mirc nudc bao hoi sir dung
so d6 ba tin hi¢u. Tac gia di dé cap dén
cac bo diéu chinh truyén thong nhu PD,
bo diéu chinh nang cao nhu logic mo va
ddc biét 1a bo diéu chinh NARMA-L2
tmg dung tri tué nhan tao. Cac bd diéu
chinh NARMA-L2 véi uu diém 1a ¢6 kha
ning xap xi cdc ham phi tuyén rat tot
dugc st dung dé phan tng nhanh véi su
thay d6i cia mirc nuéc bao hoi, qua do
dua ra tin hiéu diéu khién phu hop tac
dong 1én hé thong mach vong diéu chinh
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phia trong. Cac két qua mo phong cua bai
bao cho ting trudng hop cu thé di duoc
thuc hién. Qua cac két qua nay, cac tac
gia da chung to duoc sy vuot trdi ctua giai
phap diéu khién di dé xuit. Céc chi tiéu
chat luong diéu khién do bo diéu khién
NARMA-L2 mang lai déu tét hon nhiéu
so vOi cac giai phap diéu khién truyén
théng, ké ca so voi bo diéu khién st dung
logic mo.

Pé phat trién nghién ciru nay, cac tac gia
dé xuét tiép tuc tap trung vao viéc khdo
sat ung dung ctua mot sd bo didu khién
dua trén mang than kinh nhan tao khac
nhu bo diéu khién thich nghi dya trén mo

(ISSN: 1859 — 4557)

hinh mau (model reference adaptive
controller) hodc bd diéu khién du béo
(model predictive controller). Ngoai ra,
cac giai phap diéu khién lai tmg dung
logic m& va mang noron hoic két hop véi
cac giai thuat t6i wu hoa sinh hoc ciing 1a
nhimng hudéng nghién ctru cd thé duogc
trién khai.

PHU LUC

Thong s6 mo phong [8]:

Ki=0,1155; T11 = 24,926; T1, = 0,1584
K, = 3,006; T2 = 9,638; T, = 0,34

Kg = 1,58; Tg = 2.417

Sk = 0,065; Sg = 0,055; Sy = 0,16

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]
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Giéi thiéu tac gia:

)
/
7

Téc gia Nguyén Ngoc Khodat t6t nghiép dai hoc chuyén nganh tu dong hda ndm 2007,
nhan b&ng Thac si chuyén nganh diéu khién va tu ddng héa ndm 2009 tai Trudng Dai
hoc Béach khoa Ha Noi; nhan bang Tién si chuyén nganh khoa hoc va k¥ thuat dién tir
nam 2015 tai Trudng Dai hoc Khoa hoc va Ky thuat dién tir Trung Qudc. Hién nay tac
gia dang la gidng vién va Phu trach B mdn Ky thudt diéu khién, Khoa Biéu khién va
Tu dong hda, Trudng Pai hoc Dién Iuc.

Linh vuc nghién ctu: cac ngudn nang lugng mdi, diéu khién thdng minh, cac hé théng
truyén dong va dién tir cong sudt thng minh.

Tac gia Vi Duy Thuan tot nghiép dai hoc chuyén nganh do ludng va tin hoc cong
nghiép ndm 2004, nhan bang Thac si chuyén nganh diéu khién va tu ddng hoda
nam 2008 tai Trudng Dai hoc Bach khoa Ha Noi; nhan bdng Tién si chuyén nganh
ly thuyét diéu khién va diéu khién t6i vu ndm 2018 tai Vién Han 1dm Khoa hoc va
Cong nghé Viét Nam. Hién nay, tac gia dang la giang vién va la Trudng Khoa Diéu
khién va Tu dong hda, Trudng Pai hoc Dién luc.

Linh vuc nghién cifu: cac ngudn nang lugng mdi, diéu khién thdng minh, PLC va robot.
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