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DU BAO PAU RA NHIET PQ VA DPIEU KIEN DU'BAO CHO
THAP CHUNG CAT SU DUNG MO HINH MANG NEURON

bang Xuan Hiéu*, Pinh Thi Lan Anh, Nguyén Doan Phuéc, Ping Vin My

Tém tit: Thap chu"ng cat la mét bg phén quan trong ciia nhleu qua trinh trong
cdc nganh héa chdt va héa dau. N6 thwong chiém phan I6n long nang luong tiéu
thu cua nhitng qud trinh né tham gia. Tuy nhién, hién nay cdc giai phdp tiét kieém
nang lwong cho thap chung cdt con rat han ché. Cdc bé diéu khién toi wu hau nhu
khong dwoc su dung cho thap chung cat do mé hinh toan cua doi tuong nay rat
phike tap. Dé gidi quyét vin dé trén, chung 16 dé xudt sir dung mo hinh mang
neuron thay cho mé hinh thdp chung cdt trong thiét ké b diéu khién MPC theo
nguyén tdc Receding horizon cho doi twong nhiét g thap chung cdt. Mt mé hinh
mo phong thap chung cat dwge xdy dung tur cac phwong trinh can bdng mé ta cdc
qud trinh dién ra trong thap chung cat dé thu thap dir liu hudn luyén mang va
kiém tra b dieu khién. Két qua mo phong buoc dau cho thay hé kin bam theo dwroc
gid tri ddt voi chdt lwong tot trong trwong hop thay doi tin hiéu dat dang buéc
nhay va nhiéu dang budc nhay.

Tir khéa: Mang neuron, Receding horizon, Thap chung cit, MPC, Biéu khién nhiét do, Du bao déu ra.

1. DPAT VAN BE

Diéu khién dy bao 12 mot mot phwong phap diéu khién tdi wu duoc st dung rong rii
trong cho nhiéu dbi twong khac nhau trong thyc té. Bo diéu khién MPC cho dbi tuong
tuyén tinh da dwoc ching minh hoan thién vé 1y thuyét va cho dap mg t6t hon han cac bo
diéu khlen thong thuong nhu PID [1]. Tuy nhién, trong thyc té, phan 16n cac dbi twong 1a
phi tuyen ma viéc ap dung cac nguyén ly diéu khién tdi wu cho cac d6i tugng nay phtc tap
hon nhiéu so v6i ddi twong tuyén tinh. Nhiéu phuong 4 an co thé dwoc 4p dung nhu mo hinh
tuyen tinh mé rong, st dung cira s6 du bao nho hay tuyen tinh héa chinh xac [1]. Trong )
d6, nguyén tic Receding Horizon la mdt trong nhitng phuong phap don gian nhat. Mic du
vély, phuong phép nay van yéu cau phai biét mé hinh toan tudng minh cia déi twong ma
trong nhiéu truong hgp do cau trac phirc tap cia dbi twgng ma mo hinh hoa 1y thuyét
khong thé thuc hién dugc.

Thap chung cit 1a mot vi du dién hinh cho nhitng ddi twong nhu vay. Trong nhitng nim
gan day, mot cdu hinh diéu khién méi cho thap chung cit duoc dé& xut boi Mejdell va
Skogestad [3] trong do6 sir dung gia tri nhiét do thap chung cét dé xap xi ti 1 thanh phan
cac san pham dau ra. Dbi voi vong diéu khién nhiét do trong ciu hinh didu khién méi nay,
ta phai bd sung vao mo hinh toan qua trinh bao toan ning lugng va qua trinh chuyén thé
long khi (VLE). Cac qua trinh nay c6 phuong trinh phuc tap, tinh phi tuyén cao va phu
thudc nhiéu vao cac tham s thyc nghiém. Diéu d6 khién cho mo hinh toan cta dbi tuong
trd nén vo ciing phirc tap va viéc mo hinh hoa Iy thuyét trd nén rat kho khan [4].

Mot giai phap kha thi cho van dé nay 1a huan luyén mot mang neuron hdi quy dé du
doan dau ra cua d6i tuong [5]. Do tinh cAu trac cao ciia méd hinh mang neuron, mot thuat
toan tong quat di duoc xay dung dé 4p dung md hinh mang neuron vao bd didu khién
MPC theo nguyen tic Receding Horizon. Mot wu diém nita cia mang neuron 1a no sir
dung nguyén tac hop den nén no co6 thé giup ching ta bo qua dugc cic qua trinh vat 1y
phirc tap bén trong thap chung cat.

2. MO HiNH MANG NEURON

Dé du bao dau ra cia thap chung cét, chung t6i xay dung mot mo hinh mang neuron
xap xi dong hoc ciia thap chung cat. C4u tric mang neuron dugc lya chon 1a NARX vi n6
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¢6 kha nang xp xi hé dong hoc kha tbt trong khi cAu tric mang tuong dbi don gian [6]. Dé
thu thap dir liéu huan luyén mang va kiém tra bg dieu khien mot mé hinh moé phong thap
chung cat dugc xay dung trén Simulink theo thuat toan nhu sau:

Buwdc 1: Khoi tao gia tri ban dau cho luo‘ng chat long tai mdi ting thap (Mp,), nong do
thanh phan tai mdi tang (x,,) va enthalpy cta hdn hop chét long tai mdi tang

(hn) o L
Buwoc 2: Tinh nhiét d0 moi tang thap (T;,) theo enthalpy va ti I¢ thanh phan tang tuong
ing [7]

Buwéc 3: Tinh ap xuét (P,) va ti 1& thanh phan hdn hop khi tai mdi tang (y,,) st dung
phuong trinh Antoine va dinh luat Dalton [4]

Bugc 4: Tinh enthalpy cua hon hop khi (Hp) [4] va khéi lwong riéng cua chét 1ong
(pLn) va chat khi (pv n) cua ting tang thap [8]

Buwéc 5: Tinh luu lugng dong chét 1ong (L,) st dung phuong trinh Francis [9] va luu
lwong dong khi (V) st dung phuong trinh thiy dong luc hoc chat khi [10]

Buwiéc 6: Thay vao cac phuong trinh bao toan khéi lugng, bao toan thanh phan va bao
toan ning luong dé tinh dao ham cua M,,, x,, va h,,.

Buwéc 7: Tich phan theo thoi gian va cap nhat cac gia tri cia M, x,, va h,. Quay lai

budc 2.
E 0.3 T T T
E A
£ 02
=2 I
| D1 I I I i
1] 1000 2000 3000 4000 5000 6000
%)
© 25
L
1000 2000 3000 4000 5000 6000
E 18 T T T T
g 16 F f
—~14r , |
8 .12 I I r i
1] 1000 2000 3000 4000 5000 6000
3195 F "".f,lf_ T T T Iﬂ«jw".'wﬂrr.-%’\ ]
& A o o - T
= g L o
319 | el .
I I 1 I 1
o 1000 2000 3000 4000 5000 6000

Time (second)
Hinh 1. DiF liéu hudn luyén mang.

Vé mit ly thuyét, thuat toan mo phong néu trén co thé ding d¢é mé phong thap chung
¢t ¢ cau truc rat phirc tap. _Tuy nhién, do khi huén luyén mang neuron ta chi quan tam tdi
tin hiéu vao ra chi khong can biét dén ciu trac cua ddi tuong, cac budc xdy dung mé hinh
mang neuron s& dugc thuc hién tuong tu cho thap chung cat ¢6 cu tao phirc tap va thap
chung cit c6 cau tao don gian. Dé giam khodi lugng tinh toan, trong nghién ctru nay ching
t61 chi xét mot thap chung ct quy m6 nho voi 4 tang thap (tang cap liéu Ia tang thir 2 va
nhiét d6 duoc do & ting thir nhét).
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Hinh 2. Két qud hudn luyén mang kin.

Lép dau vao gom 3 dau vao (mot bién diéu khién va hai nhiu) 1an luot 1a nhiét lugng
cép cho thiét bi dun (QB), dong hdi luu (RF) va dong cap liéu (F). Bé mang neuron bam
theo dugc dong hoc cua dbi tuong céc tin hi¢u dau vao cua dir liéu huan luyén nén duoc
tao mot cach ngau nhién va tin hiéu d4u ra mau duoc xay dung tir thuat toan mo phong da
néu & phan trén. B9 dit liéu huan luyén hoan chinh dugc trinh bay trong Hinh 1.

Sau khi thir nghiém nhiéu c4u tric mang khac nhau, ching toi nhan thay ciu triic
mang neuron c6 dap (mg tot nhat 13 cau tric mang c6 mot 16p an va c6 mot neuron trong
16p an. Ham truyén dugc sir dung cho 16p an 14 ham tansig va ham truyén cua 16p dau ra 1a
purelin. S6 tr& dwoc sir dung cho 16p dau vao va tin hiéu phan héi dau ra 1a 80. Ngudng chi
duogc st dung cho 16p an.
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Hinh 3. Két qua kiém tra mang neuron.
Qu4 trinh hudn luyén mang neuron dwoc chia thanh hai phan. Pau tién, diu ra mau
dugc sir dung thay cho tin hi¢u phan hoi tir dau ra mang neuron va mang hoi quy trd thanh
mang truyén thang. K&t qua huan luyén mang truyén thang duogc st dung lam gia tri ban
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dau dé huan luyén mang hdi quy. Luét hoc dugc su dung dé huan luyén mang neuron Ia
Levenberg-Marquardt dugc cai dit trong toolbox neural network cua Matlab. Két qua
huan luyén mang dugc trinh bay trong Hinh 2.

Dé kiém tra kha nang dy doan tin hi¢u diu ra cua mang neuron, ta st dung mot bg tin
hiéu miu khac duoc xay dung ngiu nhién nhu bd dir liéu huin luyén mang. Két qua kiém
tra trong Hinh 3 cho thdy mang neuron dugc huan luyén cé kha ning du doan dau ra cua
thap chung cat va c6 thé sir dung dé thiét ké by diéu khién MPC cho thap chung cét.

3. THIET KE BQ PIEU KHIEN
Mang neuron nhan tao dugc st dung dé du bao dau ra cua dbi tugng trong bo diéu

khién MPC nhu duoc trinh bay trong Hinh 4. Dé loai bo sai 1éch tinh, mot khau tich phan
duoc bo sung vao mo hinh du bao.

ld
Neural i
model

=<

Y

> MPC Distillation
controller v column
—

setpoint

Hinh 4. Céu tric bé diéu khién MPC sir dung mo hinh mang neuron.
Mo hinh mang neuron duoc biéu didn mét cac téng quat nhu sau:
T T
IWy iUy yq-; +
i=1 i=1
Tai moi chu ky dicu khién mo6 hinh mang neuron dugc xap xi béi mot md hinh tuyén
tinh:

Yis1 = f LWy iYis1-i | = f(ud,k'yd,k) (1)

Vi+1 Uk €1
Y=| « =4 +B| -~ |+D|- )
Yi+N Uk +N-1 en
trong d6 cac tham s64y, By, Dy va e; dugc tinh tir cac tham s6 clia mang neuron nhu sau:
A= (@ ay)T voi
( alLW,;khii=1

i-1
z a LW]_,kai_kkhi [ = (2, ey T)
a; =\ k=1
ET )k 3)
z a LW, pa;_ikhii > T
\i=1

Bk = (bl]) vOl
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( b[Wl'lkhll :j

Okhii<j
i-1
Z aLWLkb(i_k)]- + bIWl’]khl i> ] va l,j <T
k=1
bij=1Z 4
Z @ LWy ichgiioyj + bIWy 4y khii > jvai>T,i+1—j<T
k=1
T
z aLWLkb(i_k)jkhii >],l >Tvai+1 —] >T
k=1
Dk = (dl]) Vé’l
( 1khii =
Okhii<j
i-1
dij — < Z aLWl,kd(i_k)jkhii >]Vél <T (5)
k=1
T
Z aLWLkd(i_k)]-khi i > ] V?\:ll >T
\k=1
T T
e, = d +a 2 LWl,jyk+i—j + b Z IWl,juk_H'_j khll <T (6)
! j=it1 j=it1
dkhii >T
trong do:
of (ugp_1, _
q = f( dk-1Ydk 1) 7
0Yq
. af(ud,k—erd,k—l)
b= 3
aud
of Ug k-1 Yd k-1 of Ug k-1 Yd k-1
d=y,— ( )ud,k—l - ( )yd,k—l )

0Ya

Do mo hinh dy bao trong cong thirc (2) 1a tuyén tinh, ta c6 thé sir dung phuong phap
twong ty nhu trong bo diéu khién MPC tuyén tinh. Thuat toan diéu khién MPC sir dung
md hinh mang neuron dugc téng két lai nhu sau:

aud

Buwéc 1: Gan k = T+1, va gan cac gia tri ban dau cho dau ra y,_q,...,yx_r va tin hiéu
didu khién qua khit ug_1,...,ux_r. Chon cira s6 du bao N.

Buwéc 2: Do yj, va xiy dung mo hinh du bao tuyén tinh, tirc 1a tinh Ay, By, D), va e;.

Buwéc 3: Tinh vy, theo cong thirc ciia bd diéu khién MPC tuyén tinh [11] va dwa vao diéu
khién.

Buébc 4: Gank =k + 1, Vi_it1 = Vie—i> Ug—i+1 = U—; 101 quay vé budc 2.

220  B. X. Hiéu, P. T. L. Anh, ..., “Dw bdo diu ra nhiét ... siv dung moé hinh mang neuron.”



Nghién ciru khoa hoc cong nghé

3206

P o o+ SHNTREUI s

3204

— — — selpoint
MPC 70

w
)
o
(&)

Temperature (K)
<]
o

3198 i

396 s

. I L
o 500 1000 1500 2000
Time (second)
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Hinh 6. Bdp iing ciia hé kin véi nhiéu dang buéc nhay.
4. KET QUA MO PHONG

Bo diéu khién MPC sir dung mo hinh mang neuron dugc thir nghiém trong truong hop
thay doi gia tri dat dang budce nhay va c6 nhi€u dang budc nhay. Két qua mé phong cho
trong Hinh 5 va 6 voi cua s6 du bdo N=70 va N=25.

Két qua mé phong cho thiy h¢ kin bam theo gia chét luong tdt, thoi gian qua do ngin
va hau nhu khong c6 dao dong. Ton tai mot sai 1€ch tinh nhé vao kl}oémg 0.002K. Nguyén
nhan cua hiél”l tuong nay la do mo hinh dy bao cé nhfrng sai sO nhat dinh so V(:)’i mo hinh
thyuc té cia doi tuong. Tuy nhién, sai I¢éch tinh ndy c6 thé bo qua do cac cdm bién do nhiét
d6 thong thuong khong co6 cap chinh xac cao nhu vay.

5.KET LUAN

Bai bdo da trinh bay mt phwong phép diéu khién MPC phéan hdi dau ra sir dung mé
hinh mang neuron dé¢ dy lgéo g’[ﬁu ra cua doi tugng. Bo dicu khiép MPC su dl_}ng mang
neuron dugc thir nghiém dé diéu khién nhiét d6 mot thap chung cat gia dinh. Két qua mo
phong cho thay b diéu khién giup hé kin 6n dinh va bam gia tri dat véi chat luong tot
trong truong hop thay doi gia tri dat dang budc nhay va nhicu dang bude nhay. Huong
phat trién d€ tai s& la chimg minh dap tng cua hé kin vé mat 1y thuyét va két hop huan
luyén truc tuyén dé giup hoan thién phuong phap.
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ABSTRACT

TEMPERATURE PREDICTION AND MODEL PREDICTIVE CONTROL (MPC) OF A
DISTILLATION COLUMN USING AN ARTIFICIAL NEURAL NETWORK BASED MODEL

Distillation column is one of the most essential processing units of many
processes in chemical engineering and petroleum refining. It usually uses most of
the energy which is consumed by those processes. However, the energy saving
methods for distillation column is still quite limited. The optimal controllers are
rarely used for the distillation column due to the complexity of its mathematic
model. To solve this problem, we propose using the neural network model instead of
distillation column model for designing the MPC controller with receding horizon
principle. A stimulated distillation column is built using the balance equations
describing the process inside the distillation column in order to gather training data
for neural network model and test the controller. The simulation result indicate that
the neural network based MPC controller is capable to track the changing set-point
and changing disturbance with good performance.

Keywords: Neural network, Receding horizon method, Distillation column, Model predictive control (MPC),
Temperature control, Output prediction.
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