59 A4 M 1t T Es 1 Vol. 59 No. 4
2008 FE 4 H Journal of Chemical Industry and Engineering (China) April 2008

LETEl A RGBT R A MR %
% 9 16 B I K 58 1O

%ﬁpﬁ’ éﬂ%%v £ EEE
bt TR2AE B R S EOR S Be A S LB 5 7, dE T 100029)

TEE. I T MG WA M@ h—8WE R 0BG WS M4, 5L T g g r 98 G 2 W 4
AU HCHERERENEWGFR . EHEmE “IKE” fb. 00 b ff B R R R 504 28 1) ) AR G
Fo TS P28 AR RORG RE AR T A AT S . AU T X B A W 48 1 A R k. SR b SR AU 0T 1.
ety T — A~ TR BB AT 180N ) R R A R s 3 T AR S A R I A S R AL, 5 RS TR A
RAP M EBETIVE T 8, O BRI S SRTE M T 5 ik A st .

KGR . HETIR AWM Y MR N g s B BIERIR A ML

HESES: TQ316.2 XERFRIRAS: A XEHS: 0438—1157 (2008) 04—0958—06

Modeling of batch reactor based on structure approaching
hybrid neural networks approach

CAO Liulin, LI Xiaoguang, WANG Jing
(Institute of Automation, School of Information Science and Technology, Beijing University

of Chemical Technology s Beijing 100029, China)

Abstract: A new hybrid neural networks modeling approach, named structure approaching hybrid neural
network (SAHNN) is presented in this paper. The characteristics and structure of this approach are
introduced. The approach which combines first-principles model with neural networks fully utilizes
structural information of known nonlinear system, makes neural networks a “grey-box”, describes and
explains the consequence relation of system variables in a better way. A detailed analysis of SAHNN
modeling was performed. Considering delayed measurement of outputs, simulation of a chemical batch
reactor was performed and comparison of two types of hybrid neural network (HNN) was made. The
results of simulation and comparison showed that the approach was a promising tool to model complicated

nonlinear system effectively and could be utilized as a vehicle to control and optimize chemical reactors.

Key words: SAHNN; batch reactor; modeling; HNN

g = (g3 fr . ) Bt AR LA LI 228 R . AT LA A IR
F — L. ZIREN B A A 7 S Rl 7
G BRI AR AE AL R Tl 4 B RS A A Y. A W R Ak 2 i A

2007 —05—09 Y& F| ¥ K, 2007—09—16 W EI& k. Received date: 2007 —05—009.
BRAN: ZRt. E—1FE: HHMk (1953, &, #HE. Corresponding author: LI Xiaoguang. E—mail: 2004080102 @
HEe&WH: BXAARABR¥IELTH (60704011), grad. buct. edu. cn

Foundation item: supported by the National Natural Science

Foundation of China (60704011).



55 4 3]

EHIAREE - 45 H SR A i 2 00 4 S B (] B RN gk Y A « 959 -

SR ER T IR B s AR 2R kL B R A ERAE &
. RN BRI e . REdish. R R
PRI S T 37 ME A R B B Y, T T S B
Syl B, R ER B A A R R A B 5T A AR
ORI Ao 7 ) S o7 2o R 114 002 A TR — g il 3k
3R — A WL SE 5 ) kA R R G
BOFAREY s TR R — AR A 4 4 5 ok
ARAT AL L A BEA AR s = R AL A R el 2 0
TG A 2R TN 2% X B B AR A 214 )
AR SR AT AR T, A5 B R G R AR R AR
FESS . SRMESEM AR b AR T —
B B TR G 22 I 2 S B 7 1 . A 0 0T 6
ZM 2% (SAHNN), H&F X Ffpoy . X — 2 g A
F1%) [ BR S N7 N7 T B3O L I G R AS (] 28 R £
RA MM BIRE T U, JEH T kA
Rk .
1 B &R Pt A
1.1 B8k Rz it F2 ik

[E1] B I o 3k T A 5 ) B B g g N S 2 o A
R, SR B R A 1 TR . it R A S
AN FEAT 00 v B ORI BN . RO R B FE TR AT . WA
EA TR,

cooling
fluid

heating §=<} batch

fluid reactor
1 [A) BRI 2o
Fig. 1 Diagram of batch reactor process
S g 3ok A Ay
k1
A+B—>C
k2
A4+C—D
Hrp, AR B4 5RER R, C
PR ) ks
Arrhenius 512,
L2 B
YL A5 5 A

D g3 AR &
ko 9 SR H R E B TG

dzftﬂ\ =— kM My — ky M, M
dM,
d[B =— kM My
M.
ddt(' =+ kb MMy — kb, M,y M¢
dM,, — 2, M,y M. (D
ds
fe i ) 7
ar, _
dt

[— AH, (biMuMy)— AH, (b MM ) T +UA (T, — T)
(M + My + Mc + Mp)Cp,

)
Horr,
v (CpaMy 4 CpuMy + CpcMce + CppMy)
Cp. = M
SV 3 R PR KL
_ . k:
R = exp(’“ T, + 273. 15>M“M“ (3)
K,
_ 1 _ 2 .
R, = exP("’Z T, + 273. 15>M‘\ML “

Fop, T AR 8] 8RB 9 RO R . T AUER B
HE. MEdmmshad b (D, L @) %
Ne Muy My, MR M, BRI 2050 9 12, 12,
0. 0 kmol, TiF1 T, #1620 C o S i
JEE AN e B il B AR A R Oy 20~120°C o J] 8 S B
MR E RS HE B ELE 92.0C, Mg RS
B sk 6,

2 HMEBEAXNBGMWENEER

AR SCAR Y 0 25 0 8 T X 2 R 2% R R R R B
FES M 2 0 4% (BSNN) il xF £ 135 9 #ft 22 ™) 4%
(DRNN) RGP 454 W3CiHk [8-9].

2.1 #£WMEENXNBEEHENE

AR A 725 ] 3R 1) # BE R, A S X Al 2k
B RGEWR S, R T WE 2 FrR RS M2 m
HANE, R E e s wET RS A
i 2%

Pl Lt B A e X A — R AR MRt 5,
JELPEHEER R= (XD BAERESWA 4B, &
RGNS AR AR R Tl IRt
TR . A R VR R G0 N AR Ok
BB XX A A A R R . G, AT R
R FIER M AR A5 25 (B i 38 O ok fl iR i R AR M R 4

X=L R +L WU, R=f(X)
Y = L;(X)



. 960 - tt T # i %59 &
- - |
nonlmeafr(il)nctlon N | BSNN <0 Bospiite
nonlinear part :::: ...... e e S R RN
linear part ' DRNN
!
v \ \ L ou
linear linear !
E— function ' | function ! !
. | I
- L) ' ' LT oS-
L LyX)
input vector (/) state vector (X) output vector (Y) KI5 SAHNN #ifhId
B2 AR e R R A Fig. 3 Topology for SAHNN
Fig. 2 Linear description for nonlinear process ARG WPIRASZ B R T

Lf X, U, Y 55IRERGERPIRE &, A
MR R IR A 2 R A N
Lis Ly Ly 535003 3 AR LR 8 f 3R
AR R R, TR 2 RO4s A SR g AR
SEPR AR GE R s A I RS A e TR
— = B AN AR N T A i iR, 5
LR ARG AR E L ——X N, #AEHPAEL
PR RAE N AR I Z J5, M55
SR RGRE S W TR —80 FIARZ 4t
8 TR A M4 . KRR L 254 2 ST i R TR A
W&y LASE 40 A E M ARt R A1 2
fEt Mg K& b, SR AR R A R SE
AL R Kb s s A R OC R . AR 5
7 i [ 10 5 VR A, 4R R 4 ) AR

A2 S NE 3k AR 0 A5 B A AR I A R A R R
R AT LA A AR 2 1 i A RN A S A R A3
PRI AT A P 25 4 i i TR P 2 P R .
I g TP R AR Lk PR 3R A R AR S R A kY
Arrhenius FREP, W (3). ZARL M H T A
TR T 3 2 R R S Il R R BN )k B 22 T
MES KR, HGHEHAFLEN R R= 71X fEAR
GER N AR ORI . X RGAER AL — 1
&M RgE. 4560 (D ~X @D WEEAM
M4, WE 3 PR, IR G L% il PR S AR,
— ko AR L Iy . R BSNN iA=L (3),
K Dy HE AR RGE R &, o B 3
BB T S A M, R BIX TR K
N WAL G CSTR &8 RN 2R 7 43 1y 4R 28 25 1]
T 2 b 0 0R 28 B % B R O DAX A i O =X
6] i 2% S8 B R G s 47 h . SR 2tk DRNN $
wA (D, X (2, EMBHRmAZR., iR E
| SR £ R = MR NN S Sl = T Tl
H A,

X(kE+1) = AX (k) +WIW'U (k)
Y(k) = W°X(k)

Hrp, reFORAERMER TS S M B H, &
RRERWE g DAL WeR", We
R”Xh; W()e RI)X”; Xe RHXI’ Ye R[:Xl’ Ue
R™ ", 4y 513" SAHNN AR A & . 4 b &
A A ] B B 1) R AL BSNIN Y
]
REGHVIRE R A Sy
a, 0 0 0™
0  a 0 0
A= O 0
0 0 a, 0
0 0 0 a,
REM - REZEROBEEHAR DT
o (k+1) = ax, () + > H W, =
ax, (R 4 >0 D ITWL W ()
w(k) = D IWEB, XD i=1awuss b= 1.0
b=1
(5
b By DX T BRI, WS g Rl 1
BAHE

AJ LA

h m
2 e+ 1) = aw, () + D) D IWL W, (k) +

g i=st1

h s v
SIS WL WEWEB, [X(B)] =
q

i=1 b=1

h m s v
aa () + D0 D dyw (D + DD D g By [X ()]

HARGMPIRES A R AT, i HARZNE R4
C LA R AL MEIE 2 G R, P
VAR GESH 0, A THSHO W), AT LA 5k 4 e /N —
He 1 J7 35 AT I GR A BEIR



EHIAREE - 45 H SR A i 2 00 4 S B (] B RN gk Y A « 961 -

55 4
0,357 N
0, = [amdl.l.zv diogs s sdiwr s sdang s dosg s
Ayomrs sdiasdigg st sy s 81005 s 8100 s s
gl.uul./v"'gl.m.n.u""g/,.l.uv"‘sgh.m.uJ]T
@, (k) = {2, (k) yuey (k) 5oy, (B) 5o suyy (k) 5ee s

(B B [X(R) ] soer s
B X)), Bl [X(B) ] B X (B ]}T
2 (k+1) = @] (B0,

ARGt IR (6) FoR

vy () = D IWY () (6)

T BRI A Mg, — B HBEAA S B
U E PR, AR CRIFE T, BRI E
BURRIE IR A BRI 1R 25 . BEBERE A R B N B S
Bk it 72
2.2 EEEREEEE

B R AR 3. X ) R AR
(D, 2 @) o, mEGERM AT R (D,
RSz EER M &) iR,

My L
de Ri —R,
M,
de R,
dM.
dt( =+R —R.
dM,
Qo =+R,
dT’—UA(TjiTr) 1 - -
dt M,Cp, + M.Cp., (—AHR, — AH;R>)
7
M
A 0O 0 0 O 0 M,
]\./[lg 0O 0 0 0 0 M,
y 0O 0 0 O 0
Me | = Me |+
0O 0 0 O 0
M, M;
—UA T
. 00 0 0 —F-
LT | M.Cp.J —r
—1 —1 0
—1 0 0 R
! ! 0 [:sz{ (8)
1
0 0 T
—AH, —AH, UA
M.Cp. M.Cp. M. Cp,

AR X 8] i S ik AR A 23 MR A A 5K () ik

Wi E TAE AN ZR, B [w] = [T],
FLAERCR 1 25 a3 =X 28 X 2% 1) i s 1) o R
@mﬁ*ﬁlﬁjy EI]Y:[MA My M. My Tr:lTy
HAE RO 5. RIEN (6) ATH, WO RZER R 5 1)
AR 3o, RGPS O 3, Bl
TEVRA M 4 b, AR Ze P38 o0 0 i o i) B RO 2,
) AR SAHNN g Y 5B A 7S . MR
BE ) ERYNLE B AL SR A 2 M 2% 1 A ] i U =
Ly s wys us] = [Ty, Ry R.1, HE%UH 3,

HEHE SCHk L6 A9 Ml B b ek A% i R 10
N E 2 200 min, F HEARBUR, AELMZh A
70, 200 min J5 W iF AFURRAS . b B A9 s AR
HEIE L Mye [0, 12], Mye [0,
127, Mc.€ [0, 8], M, € [0, 2], T.€ [20,
1207]; WA E Xl T,€ [20, 120], R
Pk 3. X @ mH: Ri=f(My. My, T,
R, = f(My, Mc, T.), 45430 (5), SAHNN
t. BSNN 705l & 2009 RGORSAE A =
V7 25 R RV S Ho i s, R IR 3. NS AR
4, BIREZIYIL R B 7. DRNN BE A 3 A~ A
Hoo 10N 2T 5 Al v A

T U B R T VR A A R R AN [
KRR A MM (HNN) 1E T H A i e .
HNN1® gy BSNN F1 DRNN S BRI R . R T 8%
BP A S P KGR i 100 3 HE AR R 22 R
(RPE) , T 4 1if iF 2] 19 4% 1) 4 (6. >R &2
SURG 56 14 7 35 AR Ak N 2% 25 7 2 80 HNN2D g Bl
Py FEARE 2 W 48 A5 G I T A 8 I 2% X ) A
HROAS R B B R S RO R AL . R
WAL E W A BB 7 B, SRR IR A & M 4
A,

XFF 3 PR G fh Mg B AL, SR AN T S mg ™
AENGAEA . D2 B A R AE RS (B2 0. 1 min,
ARG T 35 82 0 1 B 55 A 45 VR Sy Bl AL A5
S BAERKE R 2000, IR AR BN VE I — 1k
AEFE 2 I 2R oR T AH [R] 9 RS B AR O I SOh T
SAHNN 7£ 400 MEA AT IR BB E . HNNI
F1HNN2 0 43 50 7 %2 1300 F1 1800 AN £ A< 52 1% Il
%k, SAHNN Ay S B2 HNN R 3~4 1,

D2k 2 A R AL RN 1 min, f AAS & T8
FReliomh i 2 bR fE B A 507, B KE N
200, XFFARN A5 E S, B A& A B W) A
WEE Sy mlm A Lo, 0.01] #1 [0, 0.5] WFEHLIE



« 962 - 1k T

[ %59 %

e

2 S USRS U

SAHNN 4 A9 & it 5 HNN2 f H B2 45 2R
DLV 4. RS HNNL @ B WL 5. 3 A 1 iy
WA 22 1 Fros . 5 H A LB A R R W
SAHINN H A i SCH BB L 31 000K B2 w5 Az fb g
J1E R Ao RN AR A S . SAHNN K
TE 22 8 i AN BE S i I 5 A S R . (0 IR 4% A
A R g 2 5K, TR IS AR 4F 1Y
FEBERCR . JORS B  HAB PR A 4~9 A, XX
Tl o A 7 5 R A AR AN RE AR 2 A AR
. U RA BRI R

12 p—#—e
—— actual data
L HNN2
10
°
E st
=
.2
g of
54
2r 5
M

0 20 40 60 80 100 120 140 160 180 200
time/min

& 4  SAHNN F1 HNN2 5t i B 1500 25 5% 1

Fig. 4 Prediction for concentration

by SAHNN and HNN2

120
110 ¢
100 |
90 +
80+
70 ¢
60 -
50 +

—— actual data

40 o HNNI 1
30+ + SAHNN

20

temperature/°C

0 20 40 60 80 100 120 140 160 180 200
time/min

B 5 SAHNN #l HNNI J o7 B 00 45 55 10 5%

Fig. 5 Prediction for temperature

by SAHNN and HNNI1

% 1 SAHNN #1 HNN £ H¥iR £ EH ML &
Table 1 Comparison of MES by SAHNN and HNN

Model Ma X103 MpX10~% McX10* MpX10~* T;X10°!

SAHNN 3. 245 4.178 8.569 4.712 6. 155
HNN1 15. 62 22.96 75.34 34. 86 31.27
HNN2 13. 74 19.12 54. 88 21.23 82.51

3 % #

AR SCHR T — TR A TR A M 2 I 4 Y AR T
% ditEin sSUR S aE Mg, RO kX — 2
SRS A A IR AR B G R A ST T R R L ELR
PR 45 AR I 1207 1k i A 25k . 2t i i s 4
W 2% 7653 R T 2 AR 2k 2 G0 10 45 4 £ 5 R AR
M MERRZE RS KRG Ao, BAE AR R A A AR
Giar i A PR OC A . RIS . AR IR 2 A ) A
B E M2 I 2 O A5 K . T 22 R AT S P R G0 1 AR
HOR . DT B 1 o0 2% 114 ORS¢ g
Py g R, R AR R (B
) ek, BB REAILRIERS. AT
RAELMIE AR, SRR, SR AR T RS
(2 AR 15 . B TR I 3R 0 45 A 1) AR BL PR PR AIE T 72 i
[ A9 PR 2R 56 R B M 3, DRI PR AIE 1 22 45 50 R 1Y
ERYE. Wik, fEEsE Y. @l g A L,
ZALRE i H BRI R R A FRRE A, Hg
S B W AT S T LR T3 4 /s — 3
NSRBI R, R . s R T AR
. 0 BP SERIENCEE . A S AR AR (R A )
FBLs RHR 6 iy N RE ST R L HURE 0 A AR
AR IR e i i R, Ik Ak, A
— M TR IRABER A TR SR L R
SRS A M T R SR A ) E S S . A S
FEE UL T 07 ik A 3k

References

[1]  Gentric G, Pla R, Corriou ] P. Experimental study of the

nonlinear geometric  control of a  batch emulsion

polymerization reactor. Computers Chem. Engng., 1997,
12 Csuppl.): 1043-1048

[2] Mohan Krothapally, Srinivas Palanki. A neural network
strategy for batch process optimization. Computers Chem.
Engng. . 1997, 121 (suppl.): 463-468

[3] Klimasauskas Casimir C. Hybrid modeling for robust
nonlinear multivariable control. ISA Transactions, 1998,
37. 291-297

[4] Molga E J. Neural network approach to support modeling of
chemical reactors: problems, resolutions, criteria of
application. Chemical Engineering and Processing, 2003,
42. 675-695

[5] Ng C W, Hussain M A. Hybrid neural network — prior
knowledge model in temperature control of a semi-batch
polymerization Chemical

processes. Engineering and



55 4 3]

EHIAREE - 45 H SR A i 2 00 4 S B (] B RN gk Y A © 963 -

(6]

(7]

Processing, 2004, 43. 559-570

Cott B, Macchietto S. Temperature control of exothermic
batch reactor using generic model control. Industrial and
Engineering Chemistry Research, 1989, 28. 1177-1184
Hussain M A, Ng C W, Aziz N, Mujtaba I M. Neural
network techniques and application in chemical process
Intelligent System  Techniques and

control  system.

Application, 2002 (5): 326-362

(8]

9]

Cao Liulin (# #J#k), Xu Xinghua (2% 4E), Jiang Pei
QUIISTIDR
hybrid neural networks//Proceeding of the 6th World

Viscosity prediction for PET process based on

Congress on Control Automation. Dalian, 2006, 6. 21-23
Cao Liulin (# #) #k), Wu Haiyan (% # #). MWD
modeling and control for polymerization wia B-spline neural

network. Journal of Chemical Industry and Engineering

(China) (L T 2540) , 2004, 55 (5). 742-746



