Nghién ctu hé suy luan Noron ma thich nghi -
Udc luong thanh phan cau td thap chung cat
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To6m tit:

M6 hinh qua trinh thap chung cdt 1a mot mo hinh da bién, tdc dong xen kénh va tinh phi tuyén
manh. Bai bao gidi thiéu sy phu thudc gitta cdc ctra vao, ctra ra va cac dia trén thap dua trén
dong hoc thap chung cat va cac phuong trinh toan ¢ trang théi xéac 1ap; Nghién cttu st dung hé
suy luan noron mo thich nghi dé uéc lugng thanh phan cau ti trong thap chung cat, qua dé so
sanh v6i viéc uoc lugng st dung bo loc Kalman mé rong dé danh gia giai phap ude luong nay.

T khoa: Thdp chung cit, udc lugng, dong hoc, Kalman, ANFIS

@ Truong Cao dang Cong nghiép Hué; 70 Nguyén Hu¢, phuong Vinh Ninh, thanh ph6 Hug, tinh Thira
Thién Hué. e-mail: dttrong@hueic.edu.vn

® Truong Cao dang Cong nghiép Hué; 70 Nguyén Hué, phuong Vinh Ninh, thanh ph Hué, tinh Thira
Thién Hué. e-mail: nthyen@hueic.edu.vn

¢ Truong Cao dang Cong nghiép Hué; 70 Nguyén Hué, phuong Vinh Ninh, thanh phd Hué, tinh Thira
Thién Hué. e-mail: httthuy@hueic.edu.vn

4 Truong Pai hoc Bach khoa, Pai hoc Pa Ngng; 54 Nguyén Luong Bﬁng, phuong Hoa Khanh Bic,
quén Lién Chiéu, thanh ph6 Da N&ng. e-mail: nhltruong@dut.udn.vn

" Tac gia chiu trach nhigm chinh.

Tap chi Khoa hoc Dai hoc Dong A, Tap 3, S6 4(12), Thang 12.2024, tr. 2-15

©Trudng Pai hoc Pong A, Pa Ning, Viét Nam ISSN: 2815 - 5807



Research Adaptive Neural Fuzzy Inference System -
Estimate Composition Distillation Column
in Petroleum Industry.
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Abstract:

The model of distillation column process is a model of multivariable, inter-channel effects and
strong nonlinearities. The paper introduces the dependence between the inlets, outlets and
the plates on the column based on the distillation column kinematics and the mathematical
equations at steady state; The study uses an adaptive neural fuzzy inference system (ANFIS) to
estimate the composition of the distillation column, thereby comparing it with the estimation
using the Extended Kalman Filter to evaluate this estimation solution.
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Dit van dé

Hién nay viéc giam sat va diéu khién néng do thanh phan cac thap chung cat rat kho
khan, mat khac chat luong san phém khong thé do dugc nhanh va ddm bao do tin cay. @)
nudc ta, viéc do nong do nay duoc thuc hién roi rac bﬁmg cach phan tich cac mau do theo
ttmg thoi gian nhat dinh, hodc xac dinh néng do cac chat thong qua viéc 6n dinh nhiét do,
ap sudt & dinh va day thap. Vi vay san pham thu dugc chua duoc nhu mong doi, chua tan
thu duoc cac san phé{m c6 chat luong va gié tri cao (Pang Van Chi, 2012; Ly Ngoc Minh,
2010).

Nghién cttu da st dung hé suy luadn noron mo thich nghi dé xac dinh truc tiép nong
do thanh phan chung cat, lam co s dé c6 thé tng dung vao diéu chinh lién tuc néng do
s&n pham, duy tri sy 6n dinh chat lugng san pham la mot doi hoi cap thiét tai cac nha may
loc dau va ché bién khi ¢ nudc ta hién nay.

Viéc mo hinh héa, nghién ctru giai phap do luong truc tiép thanh phan cdu ta, khic
phuc nhitng han ché con ton tai, lam co sé dé nang cao chat lugng diéu khién va chat luong
san pham.

Phuong phap nghién ctru
Mo hinh todn thdp chung cit

Thép chung cat 1a thiét bi trung tdm trong phan xudng chung cat. Hau hét cac thap
chung cat dung trong cong nghé loc dau la thap dia hinh tru. Trong thdp chung cat c6
nhiéu dia. Dia 1a mot cau hinh co khi ndm ngang c6 tac dung tao diéu kién cho pha hoi
bay lén pha 1ong di xuéng tiép xtc v6i nhau mot cach tt nhat, du lau dé su trao déi gitra
chiang xay ra hoan hao.

Puong kinh ctia thap phu thudc vao luu lugng nguyén liéu dé chung cat. Chiéu cao
cta thap phu thudc vao so6 dia loc. Khoang céch gitra hai dia lién tiép nhau khoang 0,25 -
0,8m (Buckley et al., 1985).

Dé mo ta hé thong, ta dua ra cac gia thiét (Buckley et al., 1985; Skodestad, 1997):
1. Céc dia trong thap lam viéc v6i hiéu suat 100%.

2. Lugng 1ong trén dia khong thay déi trong ché do qua do.

3. Chat long trong thép & nhiét d6 soi, hoi & trang théi bao hoa.

4. Chung cat dugc thuc hién trong diéu kién can bang pha 16ng - hoi.

5. Ton that nhiét tir thap ra moi truong xung quanh c6 thé bé qua (do rat nho).
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Hinh 1. So d6 tong quat thap chung cat véi ciu hinh diéu khién LV
(Buckley et al., 1985)

Nghién ctu vé mo hinh dong hoc va mo6 phong mot thap chung cat 3 tdng (Skodestad,
1997).

Thap chung cat c6 chic ndng tach 2 thanh phan, 4p suat khong déi va gitt hoi & mtc
cao khong dang ké, diéu khién hoan hdo vé mic bang cach st dung cau hinh LV, dong
chay toan bd khong déi (thay cho can bang nang luong), can bang 16ng - hoi cda tat ca
céc tang.

Céc phuong trinh dong hoc thap chung cat 2 thanh phéan 3 tang (Pinh Trung Trong,
2015):

MB% = VkoAx, — VAX; 4 (v, — %3)AV = Vi, Ax, — VAx, (3)

y, X, L, V1a céc gid trj ¢ trang théi on dinh tai thoi diém hoat dong binh thuong.
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Hinh 2. So d6 thap chung cat véi cau hinh diéu khién LV (Buckley et al., 1985)
Trong do:

Vung nap liéu: Vi tri dia nap n, (1 <n, <n).

n la s6 dia cua thap duoc tinh tir day théap 1én dinh thap.

F - luu luong dong nap liéu (kmol/ph).

z, - phan mol ctia chdt nhe trong dong nguyén liéu nap (%).

D - luu luong dong san phdm dinh (kmol/ph).

B - luu lugng dong san pham day (kmol/ph).

L vaV_-dongchay cua phalong va pha hoi tuong ting khi roi khoi dia n (kmol/ph).
X,, - phan mol chat nhe trong san pham dinh (%).

X, - phdn mol chat nhe trong san pham day (%).

X, ¥, - phan mol chat nhe cta pha l1dng, pha hoi trén dia thia i (%).

L - dong hoi luu ¢ dinh thap (kmol/ ph).

V - dong hoi héi luu vao day thap (kmol/ph).

M. - khéi lugng chat long dong lai trén dia thi i.



M6 hinh trang thai trd thanh tuyén tinh ¢ dang vi phan:

d
—x:Ax+Bu+Ed (4)

dt
y =Cx

Trong do: x = [x, x, x,]"]1a bién trang théi; u = [L V]" 1a bién dau vao;
y =[x, x;]" 1a bién dau ra;
d =[F, z, ]"la nhiéu ctia m6 hinh.

Cac ma tran:

0 sz/M3 —V/M3

(xz_xl)/Ml (xl_yl)/Ml

0 0
co|0 01
100
(XZ—XI)/MI 0
E=|(zp—xy)/ My FIM,
0 0

Tu hé phuong trinh (4) ta xay dung so d6 khoi mo phdng hé thong thap chung cat 2
thanh phan nhu Hinh 3.

Céc dit liéu vé dong hoc va diéu khién cot thap chung cat [4].

Béang 1. Cac tham sd cta mo hinh thap chung cat 2 thanh phan 3 tang

alnln F ZF D L \Y Xy Xg M

t | F | Kmol/ph | % Kmol/ph | Kmol/ph | Kmol/ph | % | % Kmi)l q

2 |32 1 0,5 0,5 3,55 3,55 09| 01 1 1

Trong d6: x, la phan mol chat nhe trong san phdm dinh;

x, 1a phan mol chat nhe trong san pham day.



Bang 2. Cac dit liéu thanh phan L, Vvax,y

ctia 3 tang & trang thai can bang cta thap

Tang i L | V. | x(%) | vy (%)
Binhngung | 3 | 3,05 0,9
Piacapliéu | 2 | 405 3,55 | 04737 0,9

No6i hoi 1 3,55 0,1 0,5263

Trong d6 tang 2 (i = 2) la dia cap liéu, tang 3 la binh ngung va tang 1 1a ndi hoi.
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Hinh 3. So 6 kh6i m6 phong hé thong thap chung cit 2 thanh phan 3 tang

Két qua mo phéng void =[1,0,5]", u=[3,05, 3,55]"
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Hinh 4. D6 thi dap tng thanh phan x, x, ctia thap chung cat
Xay dung hé suy lugn noron mo thich nghi (anfis) dé wéc lwong thanh phin cdu tir trong
thdp chung cdt
C4u trac ANFIS gdm c6 5 16p nhu sau (Jang, 1993), hinh 5.
Céc dau vao c6 tin hiéu vao la x..

Sai léch trung binh binh phuong gitta ham d4u ra mong muén y™ va ham dau ra y:

CH?::I H -f_i'

1 A‘ii(x-}:l
E =-[y™ M'_ (Al 2
2 [..1 Zj—l E_‘;d::. [1-[;2:1 i -.] (5)

i |
Aty

Lép 4 Lép s

Hinh 5. C4u tric ANFIS ¢6 3 dau vao (Pinh Trung Trong, 2015)



10

ANFIS 1 u6c lugng thanh phan ciu ti x,
ANFIS 2 uéc lugng thanh phan cau tir x,

x1
Xb
X2 - ANFIS1 | =
x3 .
T Xs
- ANFIS2 |— =
x4 .

Hinh 6. M6 hinh dau vao, diu ra cua 2 ANFIS (Pinh Trung Trong, 2015)
Trong d6 céc dau vao:

x1=L;, x2=V; x3 = x(k-1); x4 = x, (k-1)

Hinh 7. Gia tri ngiu nhién ddu vaoLva 'V



11

I
—
-
-
-~
-
o~
I
_—
-~
-~
I
NN
R
=R
P 0N
O
=
RN
I
-
“
® R
_—
(] -
-~
-
(] ¥
-
® =
I —F
_—
-
-
=7
o7
-
=
-~
Vi
[~
I
-~
-
-
o~
-
)
-
®

| vpcate || vep  JJ|| cose |

Hinh 8. C4u trac cia ANFIS 1 va ANFIS 2
Sau 30 chu ky huén luyén ta thu dugc ANFIS v6i sai s6 nho nhét gitta dit liéu vao ra
dich va dit liéu vao ra cua mang la:
ANFIS 1: 0.42x10*
ANFIS 2: 7.3x10*

File Edit View

A =
File Edit View

LR SR R e S L L R LS E L

Hinh 9. Két qua huan luyén ANFIS 1 Hinh 10. Két qua huin luyén ANFIS 2
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‘:‘ \nfis Editor: a = X

—
File Edit View File Edit View

Hinh 11. Két qua kiém tra dit lieu Hinh 12. Két qua kiém tra dit lieu
ctia ANFIS 1 ctia ANFIS 2

Két qua kiém tra hé ANFIS 1 va ANFIS 2 thi sai léch trung binh binh phuong gitta dit
liéu vao ra ctia mang va vao ra dich la:

ANFIS 1: 0,37 x 10
ANFIS 2: 6, 8 x 10+
Xay dung bo loc kalman mé rong dé wéc liwrong thanh phin cdu tir trong thdp chung cit
1. Tinh d6 loi Kalman
K(k) = P (Py + Ri)™"
2. Cap nhat gia tri u6c luong
xMe = x" + Ke( — x™)
3. Cap nhat gia tri u6c luong P,
PP = (I —Kp)Be
4. U6c doan
xNer1 = A" Py = AP AT+ Qe

St dung bo loc Kalman mé rong (EKF- Extended Kalman Filter) u6c luong thanh
phan san pham thap chung cat 2 thanh phan 3 tang, ta c6 cac két qua sau:
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Hinh 13. Pap tng giita x,, x, do dugc va x, x, uéc lugng bang EKF

sai lech giua xD thuc va xD uoc luong
T T T

h

. . . \ .
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ime(phut)

Hinh 14. Sai léch e va €? giita x_, do dugc va x_, uéc lugng bang EKF

0.06

sai lech

sai lech giua xB thuc va xB uoc luong
T T T

1 L L L L L
2 2.5 3 3.5 4 4.5 5
time(phut)

Hinh 15. Sai léch e va e? giita x, do dugc va x, uéc lugng bang EKF
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So sanh gitta nghién ctu uéc luong thanh phan cau ti trong chung cat bang cach st
dung bo loc Kalman mé rong (EKF) va ANFIS (Dinh Trung Trong, 2015).

Béng 3. Cac chi s6 sai 1éch cta cac bg uoc lugng

Sai s6 binh phuong trung binh
Qua trinh Bo u6c lugng
Sdn phdm dinh | San pham day
Chung cAthai | EKF 7,3e-4 7,3e-4
thanh phan | ANFIS 0,37e-4 6,8¢-4

Sai s6 binh phwong trung binh cla cac bd wéc luvgng
8.00E-04
7.00E-04
6.00E-04
5.00E-04
4.00E-04
3.00E-04
2.00E-04
1.00E-04
0.00E+00

|
EKF ANFIS

m San phdm dinh = San pham day

Hinh 16. Biéu dd cac chi s6 sai léch ctia bo loc EKF va ANFIS

Thong qua nghién cttu so véi udc lugng cdu ti st dung bod loc Kalman md rong,
nghién ctu da ching minh duoc viéc tng dung hé suy luan noron mo thich nghi la rat can
thiét va quan trong trong viéc uéc luong thanh phan san pham thap chung cat.

Két luan

Nghién ctru da giéi thiéu cdu hinh LV cho thap chung cat hai thanh phan, thap c6
3 tdng. Ung dung hé suy luan noron mé thich nghi xay dung moé hinh ANFIS uéc luong
thanh phan cau t trong thap chung ct hai thanh phan dya trén 2 dong phan héi L, V va
d@ liéu ra & trang théi trude cta cau tu.

Két qua mo phong hé ANFIS trén Matlab-Simulink tuong doi tot, sai léch trong qué
trinh huan luyén la nho 10, sai léch trong qud trinh kiém tra ciing tuong d6i nho 10, két
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qua nay ciing khic phuc duoc yéu t6 sai s6 ciing nhu yéu t& do dac trong moé hinh uéc
lugng str dung bo loc Kalman mo rong.

Uéc lugng thanh phan san pham dya trén cac thong s6 phan héi L, V ctia cdu hinh LV
1a kha quan, cac thong s6 L, V c6 thé do truc tiép, dé dang, cho két qua nhanh hon va chi
phi ré hon so véi viéc phan tich thanh phan san pham ctia thap chung cat hién nay.
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