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Modelling a Penicillin Fed-batch Fermentation Using Least
Squares Support Vector Machines
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Abstract The biochemical processes are usually characterized as seriously time varying and nonlinear dynamic systems.
Building their first-principle models are very costly and difficult due to the absence of inherent mechanism and efficient on-line
sensors. Furthermore, these detailed and complicated models do not necessary guarantee a good performance in practice. An
approach via least squares support vector machines (1S-SVYM) based on Pensim simulator is proposed for modelling the penicillin
fed-batch fermentation process, and the adjustment strategy for parameters of [LS-SVM is presented. Based on the proposed
modelling method, the predictive models of penicillin ¢concentration, biomass concentration and subsirate concentration are
ohtained by using very limited on-line measurements. The resulis show that the models established are more accurate and

efficient, and suffice for the requirements of conirol and optimization for hiechemical processes,

Key words  biochemical modelling, support vector machines, penicillin fed-batch fermentation, on-line predictive model
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MR AFEER T E. CATSEERR(IT
WSS M%) B AR RN, 4
g Rt R SR R b R A D L o v g k=2
BETFEIARMER. BREFTEERRAREAR
BTFAFS, A TR FRHEAEEBEREHFA
e, AUERHMRAZR AR . Kot it
KA TR, XA R SRR TR B o 52
AR Al 045 1 B — 8 /Y 17 T 82 0

FMEELENES AL EEMT T EIE
AFO X E TR, EEA AR/
BRI, BN TERME
1 (Support Vector Machines, SYM) [ 7]y B 7 22 #5 3
e, 8K B Z R 35 W& Pl (Least Squares
Support Vector Machines, LS-SVM) iX Fh 4 T SVM 2Lt
ERREREL WA ETEERBX BB E K
HRETHE. BT Pensim TR FEMITESERERY,
EAHECHE RO MW ARER Y R
THERTYHRE ARRENKRYRESHES
MNP EEIBETRAES MMEL.

1 SVM 5 [S-SVM H /3 f& i+ ¥ b

1.1 SVM B B4t B

SYM 2 bt 42 90 FL¥ R Vapnik F A2
B—FEFWFETFE . ERREMD ™%,
HHEE¥IHEEEE B RO aE i
TTRED, ¥R B2 F SVM {1 7 25 ¥ KUES &/ 1k
{Structural Risk Minimization, SBM ) I8 4 | 4 £
P 2% 2 5 7 ik T R ) 3 2 2 /LR AR 5
BT H SVM R FhFMES Al b U iF ) B IR E B R
THAEMERIN MR EZR R ENREE, A
R H BT /N R A o 25 (] 13 5 ) 20 0 A R A
it Ec AR E S AR R R T
FEHESAZHAFRE rEF%E. OHEE
Tolb S o A g S TR A B
AEELN.

BRAGEREMEEH f(x)={(w,x)+ b EH
SGHAREE x, v (i=1,2,,n3x, ER v, E
ROHARRAEMEASERABLE W) Az, Ky
r NATE, y AVEREE,c RERTERLE/HE
PIAHREEH.
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lv=flx,a) lg e

-{ 0 D
Uy - flxia)l- e
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LIEXE « TRISKMRBEHE, KT y A&, x,
Mwhdfrg., F3IIAGFERRBER ¢, ¢/
MAFEHRETREEFZ BT (ER)E
TR C.CBARETBRRE: HET HER
M. SVM T KB E R A R EE
B3, B T R R AL A R (2 B i B AR
R ARFMAFXC) TR ER/NMLEE,

min®(x,£,¢ ) =—%I!w\|1+ C>(E + &)
=1

(2)
y, —iw,x, ) - b<g e+ &
st {iw,x) + b -y =€+ & (3)
£ 20,8 =0,{ =1,2,+,n
RHBEE FEFERFITHFENEAER
2R A IR ALK ) 2, RIVR] 13 3 R 8 A AL AL 1R A 4
A (4) B

maxWie,a )
=—r-:2(a‘-' +a,-)+2}',(a: - ;)
=1 1

1

E(cz,' —a)a] - a3{x,,x)) (4)

2
E(O; - a‘-} =0
s.t. i=1
Og ai‘ = C»O.'E o, = C,I_ = 1,2,""“

KX BHRARHHET o o FolBE |
BB S w f b T

(5)

W = i(a{ - o)X

b vi —{w,x,} —¢ ifa] —a, <0

| o
b

12 (5) A= (6) Bl AT 45 B 40 T A 2R 4% 151 15 6R 4L

,Ti_<w9x=>+€ ifa; - a; >0

flx) ={w,x) + b = 2(0.’ —a ) ({x,,x¥) + b

(7)
T EEERE, GIFRBETRT RN fx) =
(w,d(x)p+ b, H () B RS R, =M
FRABRU R SRR A, A EFETS
m B IRKEMAEITRE . R L mA R L
15 2 =0 14 i B2
Flx) = (w.d(x)) + b
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Z(a —a ) ({$(x,), ¢ (x))) + b (8)

Bﬂ?ﬂiﬁ(’/’)*ﬂﬁ(?‘)ﬁi‘c*ﬁ] ¥ RAPHEIT
B{x ,x)H{$(x ,¢(x)), R Hilbert-Schmidt
W, HEW R Mercer TH 7T HZEE K(x, ,x)
RIS M (S x,, (2 ) ) B fL A IR =5 (]
MNBREHATIHE. MRS Xt E I Rat
PRE (x ), M BF & S B 4 1k =5 1B) S B R HE UK
M B, BOETIS R ELE R (AKX BRI AT
=R AX(9):

Z(a -a)K(x.,x}+ b (9}

mL%ﬁ@ﬁﬁ%EV@ﬁ ENE W A
] % ¥% pF ¥ ( Radial Basis Function, RBF) % 2 &40
PR IY f, A S0 A9 B ROk BB BY RBF 2
A
1.2 BNZHRIEHFORNEERD
XEF R, B /b —F B (Least Squares, LS) & #
W C B BRI 2 M 35, Suvkens % A T
SVM B RRE E5| T IS, MR EXARBAERY
HoBETRAREMNG QP B&, AR AKEE LR
T zBEmw, AERGITEETERNESE. MH
Xt T8 P B2 PE AN U BRI 1S-SVM AR
EHRTHEARE ., HEISSVM MBS EFHHE
#. LS-SVM A1 SVM B EERFIWMT .
4k F 5 F0 240 3 A& 0 4 B 78 A 3 (10) A
(11}
minf(w.5.6) = 31 wl’ s 37>} (o
st oy, = (w, @(x)) + b+ &,i=1.2,,n
(11)
5 SVM Bk 88 E ARl ATRIB RILLT R d

[2 0 fi;;}[2]==[:] (12)

HbHHBRSHRNE X UR (13T KA E
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e=[1-1]"€R,a=[a al €FR,
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RBERODEABABERY
Slx) ={w,¢(x}) + b

_z(a _

VK(x,,xy+ b (14)
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EEXAELBEREAANE TR BTE
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WEEE AL A B XX I ETRNER
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YRZUFEEABX — ME KA il 8 R G
W BTEARETEEEEATREMELD
BEE R E,

2.1 ETF PensimTEFEELABERMET

AXATEHENBERE Pensim HEFH,1K
BEMNE R HET Bajpai Pl R % 7 H Birol
B ERFEEFUWS IR T EERESRD
— RV MEMRCEWZGTEFEEN T M
S5HHH® . EXEERAEIRNTRLE D,
A ML IR . S8R IELE M RN Bajpai
HAI% | Birol #R) £ E R B Pin - LK R
%t Bajpai #BRISE T o . TEHBEIARDE  A{UEFET
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FHTENHEATER~amEm, mHEEE
AR CEHAR EEEFR RKYEER RMNASF
HEtemasREMb L g2 EBR
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AR, 7 Pensim TEFEF,BEN pH EXH
P EEACBY T FBAR(PID A X EH, KE
LEAEE; MEAMBMRFU BRI TIEAL
B EE EHE. HAT, Pensim ff HF 68
AEHAR HAEEHRGEERESAT,

A &SRR /ANERESLT 0] 5 2
ETAE ERMALCBHBEHTRERSE. B
HHRIEEE RS, DEsE DO X1 EEA
1S-SVM F B R E HIEORERRY KR
FERTMEAR K (15) R, MELREED, Z2
AURERR TR EESENTELAENER.

Pt = £[DO(DY], X(1) = £,[DO(1)],

5(¢) = /,LDO(1)] (15)

e, Do) P(e) . X(£).SCe)BIHE « 1Y
TR AR T YRE AR EREYRE.
AR Pensim F EFHERIANMTTIRRHHT T &
RS 45 A X R — 0 T A [ LK M 0 2 AR
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Fig. 1 Data presentation in three-way array of penicillin

fed-batch fermemation
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REGEEBAMETENIFHERIRZE., %175
W BT RER G SR EBNRE,
MEPITLUE S BIERAEERS, T HE
AL AR RS I TR IR 25 A8 4 18 08 A D, 15 BT R AR
A—EMBH¥IEN. heEERER MK
NV BRHAT X RIEEHAFTO A, BMER 5 A 848 +
B4 i B AU G —FRER, B S HEKER
K, o SO E B LA R BINR 2 A S

[B] {CPU2.4GHz, N 7F 256 MB, Matlab6 . 5)%| F 3= 2.

®1 BERFOREFAHLSZONARZNEARE
Table 1 Fitting error or predictive error of
penicillin concentration

Bzich RMSE: fitting error or predictive error of each baich

data 1st batech  2nd batch  3rd baich  4th batch  5th batch
2 batches 0.0139 0.0233
3 hatches  0.0193 0.0159 0.0384
4 batches 0.0165 0.0213 0.0276 0.0250
3 bawches  0.0173 0.0176 0.0290 0.0182  0.0179

K2 SNERTIZBUYSHAMERRSYRELELRRER

iR
Table 2 Performance comparison of predictive penicillin
concentration using cross-validation of 5 batches

RMSE :fitting error or predictive error of each hateh Training

Ist batch  2Znd bateh  3rd batch  4th batch  5th batch  time/s

1 0.0173 0.0176 0.0290 0.0182 0.0179  2.9040
2 0.0142 0.0162 0.0230 0.0268 0.0252 2.5340
3 0.0229 0.0216 0.019% ¢.0184 0.0336 1.0720
4 0.0244 0.0219 0.0122 0.0179 0.0247 2,840
5 ¢.0218 0.0276 0.0214 0.0163 0.0200 1.4220
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14

== LS-SVM of 5th bateh
—— Expenment of 5th batch

121

Penicillin concentration /(g/1.)

200 250 300 350

th

BHs BSHRMPFURETRBMEN ML LR

Fig. 5 Companson of predictive pentcillin concentration
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Fig. 6 Comparison of predictive biomass concentration

using LS-SVM and experiment of 5th baich
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Fig. 7 Comparison of predictive substrate concentration

using 15-S¥M and experiment of 5th batch
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3 #i
FEEFEMIBPEESIRTE LEAELNE

BE, mEEW T A A TEHMRAERE. £
T Pensim {f ¥ SAT 4T 7015, B AT 4R
MEM DO, BETET ISSVMMFEEA SR
BRI T RE B ROREHIRRIER
TELRTIMBE R . A HHEMAMA2~5 T HIKEEE
WREREZIHT T AN EL BRI, £
Bm e R T En K THEMBMEICERSE
Gioyk MHEAR BRI ERS . X R SYM &
HKHEEEW ISSVM Z2E A FAKIBRME
B, FEBENLE, XM ABERTE Pensim (H E

BB (Y RELRENET TR, XML
PR RA —EEZH K. L& BT#E DKW
ER,.DoBaeHx LA HEESH T ({ER
HEAE)SIE Ka W&, it k=318 Do T
o BEXERELT . URA DO BIFTER YK
EEEETRMNBRERTREUEIRREABH
(BURA Py BXEFEFOITRESARMKIM ).
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