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Note: X is the K" input vector and # is the K" desired output; mdjmin is the
minimum M-distance between the observation X; and centers C,(j=1,2, ...,u)
of existing RBF units; k; is a pre-specified threshold which is related to the
value of ¢, the minimum of € is usually choosed 0.5 (¢min=0.5); e is the error of
the K" observation, k, is the predetermined value according to the expected
accuracy of GD-FNN; ERR is error reduction rate; #; represents the
importance of the &” rule, ke, is the pre-specified threshold for the importance
of the rule; Bjrepresents the importance of the " input variable in the /* rule.

B 2 GD-FNN #)% 3 Sk itz B
Fig.2 Learning algorithm flow chart of GD-FNN
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Table 1 Incidence degree between environmental variables

and dominant variables

T+ 54 Dominant variables

FRIAR —— TP W ———
Environment | EVORE  BIRKIE AR
variables Substrate Biomass Relative enzyme
concentration  concentration activity
3‘%“%@ § 0.1956 0.2004 0.1604
Stirring speed
P g=Nr =N
LR ] 0.5045 0.4706 0.631
Aeration rate
pH {1 0.8938 0.9256 0.8106
pH value
e
/2 ¢ 0.2478 0.2627 0.2285
Temperature
it p
Pressure of 0.7895 0.6913 0.5022
fermentation tank
AR DO
Dissolved oxygen 0.874 0.8662 0.9697
concentration
W 1
BRI v 0.4757 0.6076 0.7029
Culture volume
LR RS R
L LL I f 0.9755 0.9948 0.8748
Substrate feed rate
CO, L 0.7959 0.8443 0.7963

CO, concentration
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R T R LA 3 R AR — IR IR IR L DO CR
A AR A SR RAE) « COL KIS CRHZ4b
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i, FHZEM KPR B0 UtE ) 2 IR, B w2 e
HFREF, 105°C FHTREE, FriddiE
RUA R 22T et 0k g/Ls JEBUR R MR
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A AR, o, AR E N AIRIE DO,
CO, MR pH . FEJHEA R £, F PR N
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Table 2 Part of test sample data

75 DO/%  pH

Serial number S/(g~L'1) X/(g~L'1) /%
1 394 6.69 25 0.1 0
2 355 6.69 24.5959 0.1504 0
7 343 6.61 19.0377 1.149 0.02
8 35.1 6.58 18.6089 1.7169 0.03
14 34.6 7.01 8.02 7.634 1.06
15 36.1 7.23 6.4795 8.2247 3.56
22 339 7.51 0.2922 12.3359 19.36
23 343 7.53 0.2579 12.8523 21.35
34 36.8 791 0.2667 17.3635 55.97
35 372 7.94 0.2608 17.6823 58.52
49 335 8.17 0.1776 20.8692 80.33
50 35.8 8.18 0.1345 21.014 81.22

W DO FREMRA K E (dissolved oxygen quality concentration)s
S FRFEFTTURIKE (substrate quality concentration); X 7R 1A Fi
W (biomass quality concentration), P Z7~AHI% HERG it &0 40 (quality
fraction of relative enzyme activity) o
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Fig.3 Simulation curve of biological parameters based on
GD-FNN
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Table 3  Error of GD-FNN soft sensor
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RMSE MAD
HE ST R SR
Substrate quality 0.1799 0.1213
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PRI R
Biomass quality 0.0688 0.0443
concentration
AERS BRI T 73 3
Quality fraction of 0.4266 0.2552
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Fig.4 Communication diagram between DDE and WinCC

3.3.1 WinCC ¥ DDE % &

B EAE WinCC UAMEET, Frd—IiH G
PR AR SRR R IR YD « B H RS T
W7 ANFrd A s CGEEAHER £ AR
DO, CO ¥R pHAH WAREE X « FEIRIE S
ARG P WE SRR

1)WinCC fE} DDE [#1%% )" %ty , Excel 1F 4 DDE
[PIR 5545 -

@ 1 WinCC Ui HE 28, B g g7,
HEFE OB IR RE " « windows dde.chn, #
3. “WINDOWS DDE” J#iE, 25 (1K sh e P i
B4l “WinCC_DDE Excel” , @MW 5
iR

DOE i

£ .
HRER)
EEEARE (4D Excel
£ Vi) [(ceshishuju. alslsheetl
P e
& thivien i
FENEEEN pE "
]
I

[+ Mt RIS
EEER
& BRI kL

R 0 5,
B2 Ao D ——

ar_|  mm | mm |

B 5 DDE 4 /&t
Fig.5 Connection properties of DDE

QA i, RIFEAR & @ e v AE T, B ik
B M, AE “HART N r T8 e %L n
rlel RARFE—ATHE —HIP IO, Bl “Hie” %
Hl, SEM AN RERIHR. PR RARIKREE . FETR
B AET TS R ARG RSP SR T e A

2)WinCC 1E 4 DDE [JJiik %5 %%, Excel 114 DDE
(125 7 i o

OfE WinCC Tl H & FLAS 14T IF “ TS HUE
XA, Fy “JEEh” IR W fed,
WS WinCC ¢3¢ H 5 (1) N #2 /7 DdeServ.exe,
[FIAS I A 247 /V /NG

@ i WinCC I H J5, K3 “ WinCC
DDE-Sever” X iFHE, fii “Tag List” $%4, ik
PEE ) AR, Rl e L, KRR
EFAE B H1 2] Windows 1B AR I,

Q@ F FF 11 Excel 3 (ceshishuju.xls)
fEEAIE T — ATk, ¥ Windows BY IR I



%19 3

PORLLAE: ST HAR AL AR I HGF R 1 A I 2 GD-FNIN ) 273

SRR TE S NE R Tve ol S /Y SR C B Pt A o ST
no“=" 5,

HBE IR E DO CO, WRJE . pH fl.
JUE AR f X 4 MERNERGREH T
ceshishuju.xls [ ¥L.ITHEH
3.3.2 MATLAB 45 A % DDE % 4%

MATLAB BEv] UAER R, ] ARk Ss
WIET. £ MATLAB 1E & PRI, BN S
FESCAKE B AL, 1% MATLAB 1E 4 li4s
AR, n] PASCRESCAHE 2L 7o 301 A R
XLTable #%3X 3 Ffras =X 1) 504 A4 4 o

MATLAB {E % Rl L H] MATLAB
H1f] DDE %% ) g B ER 4 (18 1) oR 2505 M 254 .
FEFRHATIIR. XL K545 : DDE MRS WIin LR
4 ddeinit(); DDE $£424 37 i %1 ddeadv(); DDE %
Y1 K BR % ddereq(); DDE %l K% % ddepoke
(); DDE BRI %L ddeunadv(); DDE #H:4¢
1R ddeterm ()o

CH MATLAB 1E 4% P REFY, Excel 154 Ilk%S
2%, R LIk R #E MATLAB F4%i'5 5 Excel 2
[ EAT A I AR, SREL Excel " il &8
WinCC i th % - S8 )5, IS 47 1) GD-FNN
RSP AR ) S HE, R B A AR I [
Excel.

3.4 AEIRRINESHELEN

TN W R TR R IR R A e AL R
g T IEAT IR B AT I s R gl it S7-200PLC
X I B A () B I A (O Ok 45 T L AR
WEE DO COL K% pH {HIX 4 M) AT S £
P RAE, AL HH AN () Pl B A 7 B () )
R ) 32 AR CRRIREE . RO . A B S
S DL . BARERE DR AT

1 FTIF WinCC Tt H Wi £ i R i A
REMALRA” , HEAF] WinCC 217345,

2) FIIF “shujuxls” , X265 — 51 ¥ THE A 2E
TR, WK 6 iR,

B 6 AT Excel i
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Fig.7 Online monitoring of soft sensing parameters
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Soft sensor of generalized dynamic fuzzy neural network for marine
protease fermentation process based on dynamic data exchange
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(1. College of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Suzhou Industrial Park
Institute of Vocational Technology, Suzhou 215123, China)

Abstract: The crucial biological variables (such as biomass concentration, substrate concentration, and product
concentration, and so on) of the microbial fermentation process are difficult to measure online, which has a great
influence on the quality of fermentation production. In this paper, a soft sensing method based on a generalized
dynamic fuzzy neural network (GD-FNN) was proposed. The configuration software windows control center
(WinCC) possesses the advantages of powerful practicality and flexible configuration. A complex interactive
graphical interface can be generated by WinCC, but its ability to perform data processing is weak. So it is unable
to achieve soft sensor modeling of biological parameters and estimate the value of biological parameters by
WinCC. MATLAB is professional software for mathematical analysis and engineering operations. It has the
characteristic of powerful data processing capabilities and an open application programming interface, but direct
data communication can not be realized between MATLAB and the industrial control equipment. In order to solve
this problem, combining MATLAB with WinCC to achieve respective advantage, taking Excel as the middle
bridge, the real-time communication between MATLAB and WinCC was established by dynamic data exchange
(DDE,DDE is the message mechanism based on Windows, two Windows applications carry on DDE Conversation
through mutual transfer DDE message, and thus complete the data request, response, and transmission).Finally
the real-time display and monitoring of crucial biological variables was realized. In this paper, the typical
microbial fermentation process (the marine protease fermentation process) was taken as an example. First, in
MATLAB, a soft sensor model based on GD-FNN(The algorithm of GD-FNN was based on an elliptical basis
function. In the algorithm, fuzzy e-completeness was used as the distribution mechanism of on-line parameters,
the importance of fuzzy rules and input variables were evaluated, and this algorithm which has salient advantages
in the aspect of learning efficiency and performance was established by using the training sample set for the
fermentation process. The established model was verified by the test sample set. Second, the real-time collection
data was transferred from configuration software WinCC to Excel by DDE technology. The data of Excel was
called by MATLAB programming, and crucial biological parameters were predicted by the established model and
the value transferred back to Excel. Finally, the real-time display and monitoring of the biological parameters
were realized by DDE settings and the friendly human-machine interface of WinCC, and the intelligent
monitoring system of a marine protease fermentation process based on WinCC was established. The application
results showed that the prediction accuracy of soft sensor modeling based on GD-FNN is higher, and connecting
MATLAB and WinCC by DDE technology has the characteristic of efficient programming, convenient use, and
good general performance. The real-time monitoring was processed by WinCC for the marine protease
fermentation process, which met the requirements of optimal control of the marine protease fermentation process
and enhanced the automation level of the fermentation process and improved the product yield and economic
benefit. These lay the foundation for the industrial production of a marine protease fermentation process.

Key words: microforms, fermentation, neural networks, dynamic data exchange, soft sensing
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