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Calibration Modeling for On-line Monitoring of Ethanol Fermentation
Processes Based on FT-NIR Spectra Technology

WANG Xudong, LIU Tao, SUN Xudong

School of Conirol Science and Engineering (SCSE) , Dalian University of Technology, Dalian 116024, China

Abstract

Aiming at the on-line detection of glucose concentration, ethanol concentration, and biomass in ethanol
fermentation process, we propose a spectral calibration model building method for measuring these parameters
on-line by the Fourier transform-near infrared ( FT-NIR) spectroscopy technology. We adopt the partial robust
M-regression (PRM) method to eliminate the influence of collected spectral outliers to model calibration and
present a grid-searching method to determine the optimal component number as well as the weighting coeffi-
cients for modeling. Moreover, we evaluate the model validity in terms of accuracy, stability, and resolution.
The results show that the model established by the PRM method has better prediction effect. Finally, an on-

line monitoring experiment for the ethanol fermentation process is performed to verify the effectiveness of the

proposed calibration model and on-line monitoring method.
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Fig.1 ~ Online monitoring platform for ethanol fermentation process
F1 MRS SIE AR 2 REEFRENIY
Tab.l  Components of seed medium and active medium Tab.2  Components of fermentation medium
ViR W /(g/L) i WL /(g/L)
ikl 20 kL 60
HHA M 20 HAWk 3
Yeast extract powder 10 Yeast extract powder 5

B BRI m R TP B R B R B, B RS
P e K WAL EE, FOR o 4N 2 FR. e
H A T AR D5 e PHL (5 £0.5) | Ji2JEE (30 +
0.5 C ) MEPF R 34 (150 v/min). K 49D 4 i 9 ek FH 25
AR R B AT, BRI R A 1
AL BB TS 2
1.3 EEMSEHERE

R SCSE G SR F ABB /A ] 19 TALYS-ASP53 148 B i 3¢

LLAMEIE ST AL R i R A I8 S Ak R AR I 25
TR, i Horizon MB #({FHEAHOEIE SR E, LR
8 3 YBHRAE I RE Sz ZIRL LA . iR AR
SR M PBGEE 4 790 em ™' ~12 000 em ™", {XEE 5
HEREA 16 em ™', S B 64 Y, R A4 55
237.84. B 0.5 h X R BERAETIHURE—IK, XEREFEA R
PEATES L, WREAEAL B , SR WA (315 (X (Waters ) Il
B P AR R B, R A % L (Agilent 6890 Se-



636 E RS IRE

48 %

ries GC System) Il & & BV & WMk B, 2% i Multiskan
Ascent FEFRASGI 1 A& TR AR W) . I 2 2 4R 0 ok 0040 A
TR e ARG A 1 3T 2T AT B

2 EELAMEE B R b e

21 HRiEMSEHES T
PELLAMERE N o IR 860, HAs B 780 nm ~
2500 nm, ZBOEX FEAEWNEE ST E AR
(40 C-H, N-H, O-H)#R3hM G40 5 EMEHMEE S, XL®F
BAETAHNSFHEEAN EBEMER, AilnF—
FECHR A Sk B A IR AT, R R BRI AR A /2
IR T — A M BEIR Sl R S AR B I 2180, AT I
RRERAE A HIX (4 790 em™ ~5 000 em ™) F1 1 £ 50 X
(6300 em ™" ~7 500 em ") [ PRI X A, AE RS
HAIX (8 000 em ™" ~12 000 em ™" ) SRR ISOR X455 . 1369
R BRI RN UL LA 1 0 W SCRRAE EL A B i, PRI E
LM HARE & 000 S BER B R rh 5 & S A HA%
SRR MY NSY, A HE (CoH, 04) . L HE(C,HGO)
FAE Y.
1.2

1.0F

e
)

WEYERE /(AU
(=]
(=)}

P em! x103

K2 BRI DA

Fig.2  Spectra of ethanol fermentation process
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Fig.5 On-line monitoring result of ethonal fermentation process using NIR spectra
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