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parameters estimation of penicillin fermentation process medel
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Abstract: Concerning the identification of the accurate model paramieters'of biological fermentation process, a parameters
estimation method for non-structural dynamical model of penicillin fermentation using\the Gravitational Search Algorithm
(GSA) was proposed. Based on the rule of fermentation méchanisi, the appropriate state equations of non-structural
dynamical model were chosen; and through virtue of the global searching ability, of GSA, the parameters of state equation were
estimated and the accurate fermentation model was obtained.), The simulation.tesults show that GSA accurately estimated model
parameters in penicillin fermentation process, thejageuracy of the obtained model can meet the requirements of state estimation

and condition control in penicillin fermentation pro¢ess. Therefore,” GSA can be applied to model parameters estimation

effectively.

Key words: parameter estimation; / Gravitational' Search Algorithm ( GSA); penicillin fermentation; non-structural

dynamical model; global optimization

0 5%

HERRBER M4 Z R0 AL RN 2, X A ST
PR BEAERL, TR 5 B2 B 4 R D0 A e U, B T T
W R B RBE R U E ~HES T T ER R BT R
HEIPRRE B L RGBSR R IR 5
FIZERERY, AR R R E e TR, B es R AN R o
R ZIAHHE , & 1 F R AR BRI SSMmE .

et ) %A S AR OUR T REY) & Y SRt 2
WE RIS AE IS, B, REREIN 2 X3 &
B B R AL, — MR EAREANTH B R AR L3
ILABAE , B BT 7 H AT E AR R . Howk, A
SRR, R EEW T LU w2 R R R A R
Bk, EFREE RIS R /D 1k (Least Square Method,
LSM) 21 7 dk 2 1 30 R B ( Nonlinear Programming Method,
NPM) U4, M B SR A A 4R 1 AR B 75 EL 25 B A 9 1A
A, TR TE 5 P AR B AR (B SR AR R M B R, 3 HL 32400 4
FEWMEm, BREBEE D REARRER A TR ILMKL

W5 B H9:2013-05-27 ; {& [E H #A :2013-07-24,

(Particle Swarm Optimization, PSO) 2 3P4 13 /4 B
(Genetic Algorithm, GA)'*) | 38 oL X 4] 4R A B SR
HL AZSEE B AR WES AR B (i
PSO) , 4h% i3 T B 2= BB ZEFHF AR (40 GA) FE .

Hi Rashedi %' 2743 1S KR H K3 18R
% 5 ( Gravitational Search Algorithm, GSA) 2—FhA & fik
AT o I AR [R] A FOME EL VR A AR L el 1y SR AR
HBl MR P IF L ESBRIE, BASEORE D S
B RALEE RS R, BET, EMRREE RN
B & BARBR AR RE I I A A A A BRI, (A
SR EAA R — T

ESNTEER BRI AR b, R TR
TR BE YR AR TR B 3 1 F R RG A IR E S
BT FEIANE oz (K BB SER |, R GSA W BB R KRB AY
SR I T ESBI U 3 T I R s R R 1
HEHHTWIRA. &5, 0PI E B NPM U E R
% PSO Fl GSA Xt FER S 2 EBIHIT S HUE T, 3 X Pt
PGSR A, i — IR IE GSA X R BE B S HUAG T vT 47 1

BE&ME : H5 A RPAESRIITH (61273131) s T3 AR AR EE B TRBT IR H (PAPD)

EEE N EH (1989 ), 2 IR TH A BB, EEBTSI 1 Lolb i a5 O (sl ;
WA=(1963 - ), B TLIRIRIN A, Bl , A2 R, BB T7 1l - ol ad B S IR o

BERTHEIT I Dok R S A 5

PRt A< (1983 - ) , 58 BEIK A W, &



% 11 4 EFEF N AREFALREF RN RLAE P A 3297
AR o PR , & 7R T AR BEFR A pH H, — M E N0.01 mL/h

| FERRENEHENS ) 2R

HERREBEMAEFE(—RE-EHTER) A5
TP IR GACE= R AE ™ — R A A O, B T
WRAEREE, #EARESI R ERS AW WA K S
FEERERS

BB, R AR i Y B AR BRI 22 A B AT AT 7R 4
B EAEYERNELN BT RE, —BEBHEE A
G AEYE R AIA R, X —Se 4 Y B AT RN &, A X
A YR B ) T O, S R A Y R R AR
it

dX F,

3 = B(S.PLPy P )X - 1Y (1)
% = p,(8,P,,P,,P)X —%Pi;i =12, (2)
& =—u(S,P1,P2,---Pn)X+%(SF - S) (3)
% =F, -F, (4)

Hep X P,.S.VELEHPREEE, 0 BIFRTFHEIRWE 56 i
MU E R Y E (/L) MEBERAEBI(L) sp0, 0
SrRIFR R I B AR B8 0 MR P AR 7R B AR
TP LB FEI R F, A F, 535378 R V) T A 246 0
MR BEHE TR R B A A (L/h) 5 S, RN ISR X
(&/L)s

Y - b B i — P I EASR R BT
AOBLIRARAL , 57 B O B 3 3l ) AR X T AR, 2
B AR AR R AR, e RS R ERE
FET 4M2E 19 Contois AR RHIA =M FERMER" ",
(eI, 520 AT e B 89 5 B2 P MR A J A IR 4 38 % R
Hm R AL ARE (D) B3, AR R RV R AN T

%=K5}{SX_%% )
SR, BT AR B R R A B B
fR ARG A R R =07 |, R (2) B,
HRRT YR LR
aP _ N _Pdv (6)
dt K, + S +#5/K, vV di
R EERTEBR AR =R &R IERREEN
8, RN P AU 0 238 DR ok 2 DA B I R R AR R, %
JEUL EFOTHEEAFFAE)  TRR RN N :

ds wS )
_— = - + + +
dr ( (KX +5)Y,, (K, +5+S/K)7,, m,)
FS, §av
vV OV & (7)

BV AL 2R TR BRI RS I AR R 2
WRAER(4) , REER AR «

dv
Est-'-Fa/b_Floss (8)

Ko EEEREED KR VIIAER 100 L F,, A RmmR/

2100 mL/h; F, SHJRY)FINE AR 8 # B 0. 042 L/h; Sp it
PRYIA L , B H B 600 ¢/L; F,, 025 K R, 8L TR
0.062 L/h,

S peKos p, KK KLY, Y, Mm, AR RR KBS
R MSE. b THRIBAS IR AR L RAIEL MR, R
RRGRAC T LU TR HE O I, SR PR T | RS
XA LSBT IFRA T RSB

2 BABEREE

GSA R Rashod: 32 HHUT 43| 12 AR 2T
AR, CSA BILEI T B R A,
eSS 5 TR 0 — LT T AL T 0 2
WA FRE R — M TR, B RR AR i
S5 M LT 230 A 7 95
e U R
21 ARSI IEENE

st <5 N R T A D
5 SOBT e IS

X0 (a2, ot 22 i = 1,2,0d, -+ N (9)

BB 917 65 7L 1 LT
T L P
T G 5wy (1)
Sl RELIREGIL(0) T (0 BRIRRT { SH
T R ! (1) Fix! (0 SRHRTE ¢ BEADLT { T T
FHESE A I L RORLE R (1) B TRV T 4T 2 R
BREREER R, () = | X,(0,X,(0) 1256 REAADEGHAL,

G(t) RXTFHIAME G, FHE UK B ORI

G(1) = G(Gy,1) = Gy »exp(~ axp/T) ()

STRA G T CSA ROPERE G 2B I 550
A TR  Foeh .G, BRI G, U 10050 2
AR 207 B RSHIERUCH T BRI K,

FERL T3 A0 Bl R B AR DR T 7
REFES

fit,(t) — worst(t)
mi(1) = best(t) — worst(t) (12)

Fi(1) = G(v)

M(1) = mi(t)/zmj(t) (13)

Horfom, (1) P EIAR R, fir, (1) RRLT i 7E ¢ I 200 iR T L e 4R
{H, T best () F worst(1) 53 HIFRINTE ¢ R BEARL T HE A B
PEFNBR 223 7 BR BB 7E SR % B A B B0k /MBS , best (1) il
worst(¢) FESLINF

best(t) = ]_e[lrgl:‘r_l_‘mfitj(t)

worst(t) = je[lrgé,l-)-g-,lv}fitj(t)

BB (2) FRBIIERDF; (1) 5 i MR d %
B]_E T 32 i i SO -

Fi(1) = 2 rand; F;(t) (14)

jehbest, ji

Hprand, B4 T10,1] MEEHLEL, F T8 IndE 35 M RE P L4



3298 SR A

533 %

15 kbest 2 — 1B AR IR] 39 A 0 92 Y 8 P R 000 AR LT
Frse e 1 A3 ERLT i R RN M, (o) B ARLT i B0
R -

al(t) = Fi(1)/M(t) (15)
KT i 75 T — B2 3 A B A e LR

vi(z +1) = rand, v'(t) +a’(z) (16)
¥ +1) =xi () +vi(+ 1) (17)

Hr rand; BArF[0,1] BEFL=ARIE

RSB A RS IRE TR R4, TEH R
S [ A LA I B, (B Mk 3 I, B & LRy Ak
BB ENEE R, i, EH2RIEREIR
R H A LR B LA CSA RN B ERABEIS
BT SER—RA A DR AL
2.2 HEXURE

LB GSA T EALYE B 5, A R = 18] BT R AR 47
B, T AR O (H R BT REAT A SR DR 8
B KRR TERS — = E TR e N, Sa Bk
BRIPRLT IR s B e , AR T B AAE &, AWk AU
B, HRBPIAARE M R N 1k FIAH GSA X7
BRREERSHGATTR, AR RRRIE 1 R,

| W85 Fiimig e |

BNy vl

[ GRS B E R ]

Y
HESAR TXT b SRS R |

(ST R A RS 7 (L e PR A

[ SR I R SR 5 ) B kel |

i
[HE G ORFEARTT A L% & 1 36t Bz |

[ S T B

L AP BTAECr B R 75 th R ORI R |

R IREEAKE
BRI K

RS IR
& I, GSA Ml BB HR

3 HHMit

FRE RS SR EE 5 IR R A
EHMAE, KRB RS HR BB RN TR, AX
FIFH GSA RIBLA 1) 3 Ko Bl A A A RS 23 ) U B
FRHLHI

B IO I B AR HOR PR 05 S B RY —FFJ Fiy
Rk
= B - (50 - ()

max max max

(18)
Hop XS, fl P, pRIRRERUE R ER T RERWRE
HIPTA N SEUEAR TR NARE X, S F P, Rk

RERERE KRBT ERRENRES B PHE
AMETHE ; Xy S T P, SRR R E B RN R
FKHRRE N 7R R R R AR AN 128 (8 R BORE b 3
ZAERERN A RER S B TR E SRR E, HRETHTAR
IFi ¥ o [E) A IR B 2R 90 T ol DR O S ), B8 D 08 X4 b S et
BEMBELENEE, BE WM RBE AT TR SENE
Ak

T BB, R A Birol &1 BIEHXTEBER
A P AR R R R LA 1 BT P Ak BB AR R AR
B, e R BERT 1] ¢ = 200 b, /NP BORE—IR, BIRE A S
N =200, ¥ th& BN X,,S,,P,] = [0.10,15.00,0.00],
ik &/Lo iR 48 & B3 A2 o 1 IR 16 3008, T ICLX S
P, 1 =[12.00,15.00,1.20] R A4t 2 a0, A 44 /Nat
FFRIEAT IR TN o

YEERRBEASHMETHI PRI GSA AR
H , [FIFTE A NPM 1 PSO B ik xd RSB S HUR 1T F0AE
o Hep AR 2 A % A Simplex Y53t 2 B AT
BRI SHYEEEN0.01,0.1,0.001,0.0001,0. 05,
0.00140,0.5,0. 0L ™5 SR TR AL B EE T B ¢, = ¢, =
2.0,r, &% = 2.0, % FIFHE fBS B GSA 1 PSO, iR B 1F
TEEBEE R 9, G — 1 e MBS E o 50, |k
HARBGE B N 200, IR A4 MH RIEERS
BB E Bl " MR R, ARG S50 AT
ERPERL PRt RE S — S B N R RN, IBRE T RS H
BWASTHEMER, ST EERRBNIEL 2
XS P, R ERFESEWGER? TR R R
BRI R, 2RI, AB4E /N, B HES K
o Ko, K, K K.Y, Y, fim, (EREEEH[0,0.1] [0,
0.5].[0,0.01],[0,0.001],[0,0.2].[0,0.1]. [0,1.0],
[0,1.0] #1[0,0.17,

EARE B, F RS SRR S B FRT, B T Bk
FHEREFRSN, BRAEFRERE DR F O B k173 5. 0
SR FARAEIE FRas 18] A AR ABERE , — B RLF i R W 258
A AKX, ) =rand(1,dim) * (up - low) +low EFHEHLH)
BCZRFRME BRSPS I AE, N
BASEAEIT R P X FRBFALE  rand(1,dim) FR
AFL0,1] WHENLEL, dim BB RS RGER up EREGTS
B R, low FRBASERE W B/IMA,

FJH PSONPM 1 GSA X558 R A B A S B 7510
Fh, =R HEERE SR KRB S 0N IE I A 65
HZE AN 2 B,

M 2 A[FE H, GSA Fl PSO Bk FALHE AR B4 T
NPM, PSO ZERAZE 20 RAF AL, A T R L
fif ;T GSA WIZE F R B RS T IR GRS, R 2R
100 YA 5 1SR, FH B ARG 138 Pr (B AL F PSO. H ik,
B 2 BERE RS A 7E & BEAE R B 0 FOLAE T 1, GSA B
BRI B &R, R EREESET NPM A1 PSO,

SHEAETE RS, BB RSHIMSET 20K, €1 5
HT 20 RERSE 3 MEEMNETERRBENE s H¥EE
RIS F IR R W E3E P EARE 2.



% 11 # EEF IR REEEFERT RSB LBE N THER 3299
10" FIZH0 S5 ERF M ESEGEE, 5 PSO # Lk, GSA &
ey F) 2 55T S22 L R O I R SR R B AR
10° ——GSA AT BIE W HE B AR 5 EEE S TR IR SR E iR
N
gl T EFON S REMSE = 5 Y (Y, - V)7, K6
> i=1
AR . AT LA B WRHB i PR GSA 6 O B0 8 1y =330 o B
10" ! BESHELARMYTIRERR/MY, Xt —FHHE T GSA
1 TEAE T A B BB H0 HS Bh 8 ST G v & AR A T T ) ek
. 1.6
0 50 100 150 200 )
ARA Lap | Oneinal
B2 @ RE R 2R : 1.2} |——PSO
—— GSA
WL L3 MBS A 20 WA R EHEA w B0
AR(5) ~ () GFEEEEE =W ENRD W E KNSR B 08
Bl 5 AR ARG RN 3 ~ 5 IR £ os
# 1 NPM.PSO Hix5 GSA ¥R 04
B LR NPM PSO GSA 02 4 . .
Sl 0.0913 0.096 4 0.0997 i 50 100 150 200
e O 0.0914  0.0965  0.0992 ” s
FWESE 0.0002 0.0007 0. 0004 ~ PR L BOR K
FHE 0.1362 0.1484 0.1512 — Original
K, i 0.1365 0.1397 0.1507 L4 —~NPM ||
B % 0.0016 0.0285 0.0030 T, 12 BEpRY
EHHE 0.0033 0.0048 0.0064 '3) 10
w, v [ i 0.0033 0.0059 0.0056 " 8
PR 2 2.365E -5 0.0014 0.0009 § 6
THE  0.000105  0.000196  0.000 150 B o4
K, thiElf  0.000104  0.000226  0V000159 )
FilElE%  7.171E-5 4.078E-5. 3.266k -5 0
T HE 0.0402 0.144 1 0.1090 0 50 100 150 200
K, A 0.0399 0.1528 0.1206 MM
FlEHZE 0.0012 0.0093 0.0151 1 BIS IR AR A
M 0.0016 0.0445 0.0599 10
K Hh A 0.0016 0.0575 0.0539 wed T EE;’Q“
PR 2 9.396E -5 0.0155 0.0103 . GSA
SEHE 0.2860 0.4228 0.4441 ﬁﬁ 107
Y., HH B 0.2855 0.4396 0.4272 &
FRUETT 25 0.0021 0.0229 0.0175 T 107
FHE 0.4449 0.7418 0.8075 N
Y, v [ i 0.4443 0.7460 0.7993 10
Rl % 000020 0.0968 0.0764 107
S HMH 0.0040 0.0137 0.0136 [R5 s} B Ji<%: 7]
m, v g 0.0041 0.0146 0.0139 Ee6 HFiRE EREE
Pihi%) 0.0002  0.0012 0.0013 R, SRl AR R, R IR R S R
16 T RS A E MPIIRE , T B S 75 S 508 H 38
it ine ggﬁnal 8 R B S H0RGE (A K T REHEEVD  TIXE T PSO #1 GSA 454
~ 120 e léss?x A, AEEATHESH— NS ENBETER , Hi /e
110 HRINEEME.
@ 8
&
& 4 F AR W —FP R R L B —3 | T RE
2 . o i o N
. BT B R AN B3 2B RS BT SR,

0 50 100 150 200
i 18)/h
E3 HRREEREE
ME 3 ~5 TE 100 RER I 2S5 R e F AT
At , FIA GSA 1 PSO SEHNSHH SR TIEL ML FE

FIFH GSA M B 5 ST . 2 R R RE S RS L, g &

KEREBREIBEENRB S KRRERRESHCT

R R BRI A SRR MY & B A SR I M R EE
(TF4:% 3304 1)



3304

SR A

533 %

BEHE— U RHE RIS R S BB P B 2R AOR
K3 BMTERONEEE L3I

STk FINEE/ %
GLCM +ID3 1 KNN Fy &4 47.6000
PCA + ZETFSEHE LM 4323110 69.2700
BP s 44y e ag 10 51.5100
LVQ #ze R4y a1 63.6300
A 76.6929

HmoEEENER LB L, IFERBUE LB —1
eH EERB B, BBUT A SRt R 2 2 B — AT R,
FRESRAL AT DIE RS B — AR FRIER
TR Lo AE BT bR 28, 0 Xu 45150 403 f A% 7 vk
AFIRAE 73 24 ME R T 0SB AR A B2 RN 35 T 0% 0 5 AR AR 3R T
%,

£t MR, 7 £ 2K B b HSMC-SVDD X4 — K tEA
s — N EERIR, HH A2 5 8 LA T B R T
R& HEIEEE T HBHERRE.

4 #iE

A3 HSOC-SVDD 4p2E 28 B 9 8 2] HSMC-SVDD 43
A%, LR FH HSMC-SVDD X & — R A M — R
& ;T EL7E HSMC-SVDD H3f 5| A T8 RS ik K 58
SERARHE I TURIE BB, R 5K AL B I BRSRAE
PR B S T B AU B R IR. InR AR
— YRR 1 B S U AP B 0 KRCR ) (B
WA B SE B B, HSMC-SVDD %% fi B0, A4/ 4245k
125 732 m] B8, HSMC-SVDD 7T LAAE S — 0 3 A%l 8% i
PAREFH o
S E 3k
[1] NISHIKAWA R M. Current status and future difections of computer-

aided diagnosis in mammography [ J]. Computerized Medical Ima-

ging and Graphics, 2007, 31(4/5): 224 -235;

[2] 38, BEE. SFRFIRSI CER RS WT IR . A

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11

[12]

[13]

M B 36 24 7, 2010, 17(19) : 1600 — 1604.

WANG L P. Support vector machine: theory and application [ M].
Berlin: Springer-Verlag, 2005: 1 -66.

TAX D M J, DUIN R P W. Support vector data description [ J].
Machine Learning, 2004, 54(1): 45 —66.

TR, B3, M. ARk S 1 ALY SMO YIZRIF I
[J]. BB, 2008,35(6) : 178 - 180.

LE T, TRAN D, MA W, et al. A theoretical framework for multi-
sphere support vector data description [ C] // Proceedings of the 17th
International Conference on Neural Information Processing: Models
and Applications. Berlin: Springer, 2010: 132 -142.

LAUER F, GUERMEUR Y. MSVMpack: a multi-class support vec-
tor machine package [J]. Journal of Machine Learning Research
2011, 12: 2293 —2296.

WEILY, YANGY Y, NISHIKAWA R M, e al. Astiidy on sever-
al machine-learning methods for classification of malignant and be-
nign clustered microcalcifications [ J]. JEEEvTransactions on Medi-
cal Imaging, 2005, 24(3): 371 —380.

OLIVER A, FREIXENET J, ZWIGGEEAAR R. Automatic classifi-
cation of breast density [.C]#/ Proceedings of the 2005 IEEE Inter-
national_Conference on_Image Processing. Washington, DC: IEEE
Coniputer Society, 2005: 1258 - 1261.

SWINIARSKI Rg' LIM\H'K. Independent component analysis, prin-
cipal componetitianalysis and rough sets in hybrid mammogram clas-
sification [ C]// Proceedings of the 2006 International Conference on
Image “Processing. Washington, DC:
2006: 1121 —1126.

Thes mammography analysis  society [ EB/OL]. [2013-03-
09]. hitp: //www. wiau. man. ac. uk/services/ MIAS/MIAS web. html.
SCHOLKOPF B, SMOLA A, MULLER K-R. Kemnel principal com-
ponent analysis [ M]// Advances in Kemel Methods. Cambridge:
MIT Press, 1999: 327 -352.

XU Y, ZHANG D, YANG J, et al. Evaluate dissimilarity of sam-
ples in feature space for improving KPCA [J]. International Journal
of Information Technology and Decision Making, 2011, 10(3): 479
—-495.

IEEE Computer Society,

image

(B35 3299 W)

BAESYGEAE PR BT R B , # 5 A R S B0H ok

KEwZE, AR, TEGEFGESH— MG SR RELRE, T

DU E AR B M S B IR AR, s it 5| I R B R AR

FREE ARG REERY EBER NSRS G THE

Hro

Sk

[1]1  SEfbf, 3. RS BT R SR BAIM]. Jbat: th2t
Tolb i A, 2005: 144 - 153,

[21 ERW, . BT e _RSEHHRARR AR BTY
[J]. TEPHBE TR 24], 2008, 27(3) : 48 - 51.

[3]1 HESET, EEAk, T, % T PSO B R B R E
SR AL FRR, 2010, 31(1) : 178 - 182.

[4] NIUB, LIL. A novel PSO-DE-based hybrid algorithm for global op-
timization [ C]// Proceedings of the 4th International Conference on
Intelligent Computing: Advanced Intelligent Computing Theories and
Applications with Aspects of Artificial Intelligence. Berlin: Spring-
er-Verlag, 2008: 156 —163.

[51 EARM, £, BT BEBEEEZ =S HA ] AR
A TH, 2005, 16(4) : 407 - 408.

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

RASHEDI E, NEZAMABADI-POUR H, SARYAZDI S. GSA: a
gravitational search algorithm [ J]. Information Sciences, 2009, 179
(13): 2232 —2248.

ABBAS B, NEZAMABADI-POUR H, BAHROLOLOUM H, e: al.
A prototype classifier based on gravitational search algorithm [ J].
Applied Soft Computing, 2012, 12(2): 819 —825.
BHATTACHARYA A, ROY P K. Solution of multi-objective opti-
mal power flow using gravitational search algorithm [ J]. IET Gener-
ation Transmission & Distribution, 2012, 6(8): 751 —763.

W8 R R E PR M. b A Tl R, 2005: 4 - 7.
k. HER KR WEREETRID]. B EiBsSsE R,
2009.

tRig, ELF. 51 7RO EELT]. TP TR 5 M A,
2011,47(35): 188 —192.

RASHEDI E, NEZAMABADI-POUR H, SARYAZDI S. BGSA: bi-
nary gravitational search algorithm [ J]. Natural Computing, 2010,
9(3): 727 -745.

BIROL G, UNDEY C, CINAR A. A modular simulation package for
fed-batch fermentation: penicillin production [ J]. Computers and

Chemical Engineering, 2002, 26(11): 1553 —1565.



