R E S 2 R

B o B B B 3%

* EERTELR 2 B B

W WBOFE

lﬁmm&_ .

EEEEBHES




ABHREBEFRERMFES (61174109, 61640312) . HEBHEHX, Jt=
T ER RS EMTE SRR ARSI R E SR =R

RIS S iR
K o B s 0 32

B0 B 2 B B gy PR

W IBOF




EBER®ME (CIP) ¥R

P BR G A K B R W E S - T B 22 B B ARk R e
—Jb 5. FHAFERUH MAt, 2019. 5
ISBN 978 -7 - 5130 - 6229 -9

[. Q- 0. O 0. OfAY— AR —dBRER—s
V. DTQ920.6

A 4 CIP B 7 (2019) 25 080026 %5

HERE

Ve A A A 2 L RS AR OBl v 0 R B A O 3, AR A DL ) R B AL
frAed R B A= . WORPRSRBMES B R BBIEE . TEE BRI A KA —
MR G AR, R BT 2o B R R BRZE TR K B, A W 242 [ 55 e S B R g
PEB =Mz — , ER EFE—RAb rpoRe R B 2 () SO A T o A1 Bl A W R R AR R KA S A
Vi SRR S BB, WFFE DAL e HEA TG N 77 [, o s AR R A A
R, FRAGMAH A BRI AR R, DRRRIEAT R4, R Bl e il B AR B AL,
KBV, BHE A TAEA R, TAEA G 4 R B R B a4 ™, T B 4 w0 ™ ) o i
R e PR B WS, BT/ AE BRI AE R GE YR B o DFSURUR — ELARARHE, SRR A
ERRAE PR MR A, W SRR R A B ITR B8, B BRI 2B At SRR

HEYREE: KK HER: & W
Hmmigit: A D FAEEP®: M
A8k R gt B A R R M T 3 —— S X AR 2 M B
w oW X
HARE(T: He A Rb i3t A RIITLAT B ik http://www. ipph. cn
# Hb: JEEHTMERE X ALK S0 S HE  4&: 100081
E4EIE: 010 — 82000860 ¥ 8389 FARHBAE : miss. shuihua99@ 163. com
EITHIE: 010 - 82000860 % 8101/8102 E1FEE: 010 —82000893/82005070/82000270
B Bl JERUUH RS SR PR A F 2 8 KK EBIE. BRSO L ATE
F  Z: 720mm x1000mm 1/16 B . 17
R %&: 2019 4% 5 A58 1 i Bl & 2009 4F5 HA 1 ek
= 8. 280 T E . 69.00 G

ISBN 978 -7 —5130 —-6229 -9

HEER BR®R
mMBENFEREEE, FitfFRRLR,



I

IR R 25 . RS AL A OB T Ik sp i A,
P BB, A0 R A ™ . PR R S FIERES B R I B
AfE, TZEREORE SR A KB AR — R g R A, A e
R 2B KR RAE TG K- (0 B 8, A Wikl 24 e 1 95 B 1 S 740 A G i
Xz —, FERTHIE — Al ol 2 B SO AE . A BB SN R
P AR A AN S R R . B RRPEFI 2 B BER i, BIFSE LA O vk A R AT MK
BN A A 0 TR, 30 e 7 8 M R M DAY, A A D ) R 4 R A
WA, fREETT RS, MR ROk e A A R il AR R AR L, R
BRI SO, R Rl A A N By, T A B ek 9 A e B A R A A
JURT e Mg gy R AR A e I Ok, T 2 B T A D B U
W% WIIERAR— BARGHE, SRR kB S L 2, W
SN R AE R BE IR BE , RS R I Bk AR AL 223 o

AL E RN -

(1) BWEFE—Fh3ET AP JAMBr BRI o3 ik o

BRI B R 22 B BURRE , SRAT AP RN, I RAEE TR BB B
Yol oy i o B BRI, R S HEMITIA AP R AL B,
IR BT BT BRI 0 IR RECR o FEBEAF i Be P 57 I D ASE TR B R 4 S B B AR
Pl B A HLERASME, )k B Bl 20 vl LA B R e AR R S8OR

(2) feti—F22hE AR ECHHr (MAR -PCA) ik,

A= R, T REAR S AAFERH R SRR ARE, K
SR AT AR B B AR, RIS [ IS 20 60 SRR 22 ) B A OGS
RARRR A G L0k, B4R BN o0 SnF BAE, HE4
EITH AR, B A R A R R

N —



WY AFIEGTRRR SRR TR —H SRS MR

(3) BFFEIE T BAL 3 i R AE A5 B BE & 07 .

TOF 2 0 000 357 B 220 R A o R I R B R R PR IR R, | AR B A% 3 5
PRSI SRAE A B B R BT, A e Y B A S R 1) i AR Y T P )
TR I 2R A A BB A KT I P S PR A B B, DA 326 JBOAH 6T 1 i B 1) s
BRI S B S R AR i

(4) 7B A BE 35058 A B RSO W i

e SR B BRI R A Bk R R A G IE, X ELA S ah A v
BB ORI E B B, XTI BIEE ST A BIH 00508 (Auto Regression —
Principal Component Analysis, AR — PCA) Hi#IDL & £ 304087 (Multiway
Principal Component Analysis, MPCA) Hi%, LUFBREERBMsh &M, AR
Rep AV R W ) R R R TR R

(5) KIGHH & BRI

WA B SN AN T SLBRA = 72, A BY T KA v & B SE 50K 50 i
FRFR L A B A . SRR, ABIriE ek B8AL 5 ikl
AR AR IR HOR, A E AT SR e, T ARG AR
AR 5L B & BRI SR BRI

REW: KRLE; UG BB ; AR - PCA; SRl



Abstract

The fermentation process is the most promising branch of biological field, Bio -
fermentation technology has played an increasingly important role in modern food,
medicine and other high value — added processing industry. Bio fermentation industry
will become one of the leading pillars of China’ s national economic development in
the next few years. But the development of technology is a double — edged sword,
many safety problems also highlight one by one, while the vigorous development of
fermentation technology bring considerable changes for our production and life, this
forcing people to pay more and more attention to the safety and reliability of the pro-
duction process. Therefore, in order to improve the maintainability and security of
fermentation process, and improve the quality of products, the production process is
in urgent need for fault monitoring, capturing the change of each detection variables
immediately, feeding the abnormal situation up the operator, making disposal time-
ly, guaranteeing the continuity, stability and safety of fermentation process.

This topic analyzed multi stage characteristics and dynamic characteristics of
fermentation process deeply, and for the defects of traditional methods for process
monitoring, to study a novel online monitoring algorithm for fermentation process, to
reduce the leaking alarm rate and nuisance alarm rate of process monitoring.

(1) Implementation of the batch weighted soft classifying based on Affinity
Propagation Clustering.

For the multiphase property and slow time — varying characteristics inherent in
the fermentation process, analyzing the relationship between stable phase and transi-
tion process deeply, on the basis of AP realize hard division for stage based on sin-

gle batch, fusing multiple batches data by introducing Inverse Distance Weighted,
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avoiding the limitation of a single batch as the input of AP cannot represent the stage
characteristics of the entire production process, to achieve a reasonable division of
the transition phase.

(2) Research on the stage attribution of real time sampling points based on
information transmission.

Study on the selection of the optimal model of the new time sampling point for
online monitoring, information transmission is introduced to determine the stage
attribution of real time sampling points, and to solve the problem of optimal model
selection for unequal length batch, realizing the new time sampling points can fall
into the corresponding actual operation stage, and to select monitoring model corre-
sponding to the stage to realize the monitoring of real-time sampling point.

(3) Extraction of sub — phase Auto Regression-Principal Component Analysis
fault monitoring method for fermentation process.

The time series of single variable process analysis method is extended to the
multivariate case, distinguishing the stable stage and transition process with strong
dynamic property. After that AR-PCA and MPCA model was established for the tran-
sition phase and the stable phase respectively, while eliminating the dynamic of
transition phase, can effectively reduce leaking alarm and false alarm.

(4) Field experiment study on the fermentation of Escherichia coli.

Applying the proposed method in this book to the actual production process,
and to validate the rationality and validity of this method with the help of Escherichia
coli fermentation experiment. The result indicated that this method can effectively
reduce the leaking alarms and nuisance alarms than the traditional method, having
more reliable monitoring performance, and can be a good practice guide for the
operator to find and remedy fault in a timely and effective manner.

Keywords: Fermentation Process; Batch Weighted; Stage Attribution;
AR-PCA; Online Monitoring
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Fig. 1 =1 The fermentation process of making bread of the ancient Egyptians

— MO, RRE BB IR A A R . MR M AR A
ft, X ANE N EE R TR AT, MR KA T EAILA 41
PR IIE, INFLRRARE, KIEIN ARG W W Bk oy M. B 1 -2 oR
N ERES BRI B

FIHT, REETRE T AL h a8 T 2R, b EREA AR
SE S AR IBURS R B Tl 7 i o oMb e P il o s A e AR B AR K
BN HMLARESE, (AL YT R iR A - O LR, &
2ot —E T BT BOM AR IR, XU m Ry AR, A
MR, B, R LA B A A



it 24

| B FR B OB ——>{ B TR 45 |
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Fig. 1 -2 The flow chart of fermentation process
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