Results and Discussions

SHILIHEN AIE2E 110 S8 BH2 MHXMOI trajectory profileS LIE}
LHCH M 55 BIEXIDOF MPCA/MICA AAAE R =2 ol AFZ2TIUACH

2

2 HH XISl AlZ2E2 400A12t0I04 21 = 45A12t2 pre—culture stageOl 2 L0

-

Xl 355A12t2 fed—batch stageOlCt. Reference data set<> three-way X(/xJxK)=
A Ii= 55 batches, J= 11 process variables “12] 3L K= 400 time points®] T}. NOC
models?] 3l 4, reference batch data X Nomikos and MacGregor’s unfolding method
S AFESFY] a matrix X(IxJK ) 2 EAHZAY. I Fo X HaFAe

average trajectoryS A A3} 7] 9|3l mean-centered and scaled ¥ T}.

Off-line Analysis of MPCA and MICA

MPCAZ 22 crossvalidation2 812 AE0I0H 42 F=HES HdE8A}M2
O ™A H3e 63%E &ZsHCh. MPCA2l =22t ZLIHEZ 2l
Macgregordt MAIEH PCAE OIE6t0 missing dataE UFE= SEM filling
methodE AtE0tULCE MPCASH HIWE <& MICAREEZ 412 =SEHEES

SHEiOn MPCA/MICARE £ C+ 99% control limitS AIS5H0 HIAE o}

4%
O

b
19 33} 4= 55 reference batchesOll CHall MPCA/MICAS AFE St an end-of-

batch analysisZ 2}5 Aadstch 322 301A MPCAS| T° chart OlA ZE H{X|=

the 95% confidence limitOt2l U0 ZE HfX|7} NOCEEHoof| 7|Htsts & ==



Act 2Ll 38l 42| MICAS| P charte off-line analysis batchesOll A 4 2}
102 outliers2 EH =0{A 0| H{X|Z=2 outside of the range of the model2! & &
T Ack 38 52t 62 HHML S latent variable spaceOlA MPCA and

MICAZ®| score plotS LIEFHCH (PC, vs. PC, and IC; vs. IC,). The scatter plot of

rot

MPCA2 =Z-& 55 batches?} normal batch operationstoll USS LIEHMHCEH SHA
MICA scatter plot2 MPCAZZIe} Ct2 HElS LIEFHDT P chartf OFRIZIX| 2.
batches 4 and 102 outliers2A &E/ECHL 0 X0l= MPCA= feature
extraction&28 0l Gaussian distribution assumption®l 21=3t1] Schwart

chart®l JI=ot22 &2 3JI2 A#E EAotlle 02 SE= At Lh

BHE (ff MICAZEH 2 non—Gaussian distributionOl 2= feature

00

OINtE O &

Il

extractionZ &0l JI=5tJ] 20 S8 =Ret F OftH
Qo J|elstCh. matA v data  set®] non-Gaussian componentZ}:
Egstal QoW ICAYTHS PCAR T U] £ feature extraction performances
HAth mepA FA o IS 71X+ key components Ul Frolul=
ICA7} & d°]E}7} non-Gaussiang X8 A5 ¢ £ ZUHYE ZA3E
A

a3 72 MPCAS] first score (#)7} a Gaussian distribution®l] W=%] g1

A “supergaussian distribution’ = "E-S YWERHATY. = dominant component”}
GaussianE.th= 00l w5 7MAY wi9-AGS #hs 7S & Ao wat
A] Gaussian distribution”} g ol 71 %3} T° and SPE charts of MPCAY:= ZHE¥ XU

He d3s Aed 5 du 24 B2 AdEACdA dHelHe2

‘supergaussian distribution’ 3Bl = &4 A v}, o]#H s Ai}= MPCAEUHH



o] false alarm= A =

s



i 1. Variables used in the monitoring of the benchmark model

No. Variables
1 Aeration rate(L/h)
2 Agitator power(W)
3 Substrate feed rate(L/h)
4 Substrate Feed Temperature (K)
5 Dissolved Oxygen Concentration (g/L)
6 Culture Volume (L)
7 Carbon Dioxide Concentration (g/L)
8 pH
9 Fermentor Temperature (K)
10 Generated Heat (kcal)
11 Cooling Water Flow Rate (L/h)
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2 2. Typical batch profiles of 11 variables during penicillin fermentation.
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1% 3. T’ and SPE charts of an end-of-batch analysis based on MPCA for 55 reference

batches. The dotted lines correspond to 95 and 99% confidence limits.
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19 4. 12, Iez, and SPE charts of an end-of-batch analysis based on MPCA for 55

reference batches. The dotted lines correspond to 95 and 99% confidence limits.
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1% 5. Score plot of 55 reference batches obtained using MPCA in the space of the
first and second latent vectors. The dotted lines correspond to 95 and 99% confidence

limits which define the normal operation region.



719 6. Score plot of 55 reference batches obtained using MICA in the space of the
first and second latent vectors. The dotted lines correspond to 95 and 99% confidence

limits which define the normal operation region.
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7173 7. Density estimate of the first score (¢;) obtained from MPCA.



