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Study on Fitting Logistic Equations with
Particle Swarm Optimization Algorithms

YUAN Li-guo, NIE Du-xian
(College of Sciences, South China Agricultural University, Guangzhou 510642, China)

Abstract: A new method was developed for fitting of Logistic equations and estimating the parameters.
Rough estimation of the parameters was conducted first with three-sum methods, and then the optimum pa-
rameters were found by particle swarm optimization algorithm( PSO). Statistical test was applied to the da-
ta. The results showed that the combined method of three-sum method and particle swarm optimization al-
gorithm can fit the Logistic equations well. This method can be generalized to fit other nonlinear growth

curve equations.
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Tab.1 Experimental data of paramecium
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0 2 2 2 2
1 6 3 6 5
2 24 29 31 22
3 75 92 46 16
4 182 173 76 39
5 264 210 115 52
6 318 210 118 54
7 373 240 140 47
8 396 125 50
9 443 137 76
10 454 249 162 69
11 420 219 124 51
12 438 255 135 57
13 492 252 133 70
14 468 270 110 53
15 400 240 113 59
16 472 249 127 57

1) AP 0.5 mL 3R PR, 2B RR T X
#[9].

2 NFERLEE

KPRV AL (PSO) 2 Kennedy 251 & 1 |
RGP UG A — A AR B (P S AL B ) IR
H SHBEVIRTE) 105 @ R0 0 3RS 5 067 #5391
H 20, = (0,0, 00, 4,,) 5 v, = (0,00, ,0,,) AEH
— YA AR R g R R AR B T A B Y
AR CMABAA S @ 505, 10 :pbest, ) FHEEAMRL
TR B (R, 10 gbest) REHF A,
BILLE WA S, WK LT 2 2 B S A



116 e om ok Al K oE o H

932 %

E::]U-lﬂ
o' =t +¢,r, (pbest, —x}) +
c,r, (gbest —xt) | (13)
ot =at ot (14)

Hor , SX(13) 5 (14) P S BRE R BB F T .
kREAE v SR, Bk + 1 UGEAR xR x,
Fok+1 e, .o, BN FATHR T, BIBUE e, =¢, =
2,52 ] R K w0 SR B IR 5, 38 755 % i
Z3 1) I R L BUE 0.1 ~0. 957, .7, J2(0,1) Z 1]
IBERLEL. B — 4R 110 3 #5259k B i 78 o5 R
BE (v, ) TGP, AR — e o B it v,
D)3 — 24 F kP Ry o, 3 58 R T A9 L B
JE. [RIHA R Be LIRS 2 L8, PSO 2 ARYE A C 1
JERER, HAICICIIRE, R S5 i 15 5 5 )
S, HA VP2 S8 R R R A
WLz B R O
2.1 ENERBER TGN

ICFRFUA Logistic TRE(2) A y =f(K,a,b,t) , H
K a b NS TES L il m ) = Bk 28 3
HAME. X% 1 P SEEARL S (1,,y,) :0=1,2,--+,
n}  Logistic TFE(2) X y =f(K,a,b,t) B35 A A]
AL AL ZH i (K a,b) | fHi15

min 3 [y, ~fK.a b)) (19)

F(15) RILLSEMME S5 A8 THE = 18] 5 5% 25 -5 Flldse /N
VE SR br FFE 0 Ak 30 b i 335 10 B PR X AR — A
St LG S A5 T TR ) R A A6k — A et Ak )
L AR BRI X Rl (15) AT S

HRE R = BOR: A 8136 1 i — R8s i
Logistic 772 (2) XS E MBS K =452.345 1,
a=2.666 1,b=0.807 7, M7EFIH PSO H ikl fEr,
XF SR 90 1 A TR ) T 3 S O AR G T 4k
H.410<K<510,1.5<a<5.0,0.01 <b=<1.80. %
HoAth 3 21 S 9 400G A A DU Ah B 5k g2 — BL R
SRR AL AR GG A ) kg 2 b,

2.2 SEMHITH PSO BEEPR

T Matlab A2 R TR AL B LA To-
gistic R AL MAR U T, B2 5 45 R 4 10 5 Kk

1) E X &R,

2) e AT I Ak R AL TR i KA B Fe R
JERE a2 RmAE  F S P R A
WAL T REMIRE n = 100 SR T-RE A B T REWI 14
b, FRATA— nox 11 ZEHE 5 A Kfif7, HpsE 1 ~3
FITCRST IR K. a b BRI IR AE ( RIRL T 1990 46 07
)3 H 4 ~6 FITTE BN K a b WRLTF 3 B AE ; 26

7 ~9 BITCE IR K a b BPRLTF AR AR ; 56 10
G TGRSR T AT L RIS VAR ; 26 11 5o RN
BT 4T ATE N

3) 4% )RR (15) A T 3038 o B R A, T A
LT 14 3 I BEAELAEAFAE A (2, 11) R, FE 5 %0 1
AC:,10) B 5 38, 4k Y w0 4 R e fE s N
min(A( :,10)) S5&IESEL;

IRIEA(13) 5 (14) BHHk 0B 5 E

5) I8 BT KB AEL, PSO SE LS RAE IR

6 ) Fa AL R, i A N B pR B ( Bk 25 )
F) ZSHUE RSO RN BB (R 1 A — R
I St R B LR 1 ~ 4 HA S T I SIUR
g 22 ) .

1.15
1.10
1.05 H

1.00 ¢

Fitness/> 10"

095 F

0.90

0.85

0 20 40 60
Iternum
KL B2 P05 A s
Convergence process of residual sum of squares

4651

Fig. 1

460 F

455 F

Parameter K

450 -

b
et

445 1 1 ]
0 20 40 60

Iternum
K2 S5 Ksud

Convergence process of parameter K

Fig. 2
40
39F
38F
37t
36F
35H
34
33
324 - - )

0 20 40 60
lternum

K3 S8 a MSLT

Fig.3  Convergence process of parameter a

Parametet a




AN A BT R Logistic 7 RERIHFSE

117

0851

080

075

Parametet b

0.70

0.65

20 40 60
I[ternum

4 B MIEGE R

Fig.4 Convergence process of parameter b

0

3 MEHERSFRITRE

2 JEA SO = Bofnk Sk 1 B UL A A
EANR 1 R SO R S T R R AR JF
5 HABZ I TTIE TR A RA T e AF 2 W],
ARIOTEF A R BA R ROR, 5 TR
UFEORIEAR—2, HAAE A 5 SC B, R a8 1T (]
. B SRS T E A48 A PR AT ST R R X
FEFRATIR A O R A e A

1) FHXRE r R

2 0.5 mL EEBIRBHBEAR T EHTELEROILER"

Tab.2 Comparison of the values of K,a,b from 0.5 mL paramecium data with different methods
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Tab.3 Results of correlation coefficient » and chi-square

(17)

test x°
Sk UGN AN KEJE I
—H S —¥ S
r 0.991 0 0.991 2 0.970 8 0.936 3
x 48.423 4% 17.2733 21.4490 22.5764

1)« REEZFBE.

T Logistic RS E0E B AW, F i, 78 F
ISRt R, S8R0 16 0 0 8 2 i 4 2
ANKE L AR SCRIH = BORE Se i E Logistic 77 2 S 4K
18— ZEREL S ARL, 2 8501 s DG {07 7 3% 2H AL BT 30, AT
25 X H SR — > KRBUBE I L, P45 5 81 1
AL TR LS5 5 HAM Iy i g 45 R k1T
O, X IS 45 R BEA T AR OC R B S Gt e, 45
REH T RBBAS AR 4 L5 RCR.

A Logistic 77 F2 0 0F o8 HA BLS i (H 5 1R o
M S I BRI, 405 SE I SR AP A Logistic
TR TR — H ST 85 0 7 ). AT 2230k
FHSSCHERRE T RE U0 AL 53 (0 IR TR T R0 AL R
%, GA-PSO IR A LSS ) KU AR R Kl £k
Ji .

S 3k
(1] TTEF by, i 2 i —Fith e ork ()], 4

A4 ,1983,3(3) ;288-296.

(2] FEo%7%, R 2 % 07 ik SR D040 22 4 30 i it 46



118 e om ok kK oF o 93 %

[J]. 5% ,1986,6(2) :142-147.

(31 bl Saie s sk o4 A 252 b iy R Ze e a il
(1] B4 ,1992,7(2) :160-167.

(4] Mis¥s B EA. S A KBRS R AT A [T ],
RALARL K224, 1994 ,25(2) 132-137.

[5] B, BRI, 18 A R A Logistic M4 M WF
FELI]. AEPPECE 41 ,1995,10(1) :59-63.

[6] F4F,HFE. = REITSESE RS Logistic il
LABEFELT]. A WEF 2741, 1999 ,14(4) 1453458,

(7] Rz, dbfh. 8 ek AP L LA Logistic 2 MY
WFFELT]. A BCF %4, 1999, 14 (1) : 117-121.

[8] Tk, EfAC A KIS BT —FoBior ik - i
AR 5 ()] AR By 7 4k, 2007, 22 (3) £ 533-
538.

[9] GAUSE G F. The Struggle for Existence [ M]. USA. Wil-
liams and Wilkins, Baltimore, 1934.

[10] KENNEDY J,EBERHART R C. Particle swarm optimiza-
tion[ C ] // IEEE. Proceedings of IEEE international con-
ference on neural networks, Peth, Australia; IEEE Press,

1995 ;. 1942-1948.

(EE% 113 1)
e

[1] TAMMY H, BETH O. Cymothoid isopod parasites in aqua-
culture; A review and case study of a Turkish sea bass
( Dicentrarchus labrax) and sea bream ( Sparus auratus)
farm[ J]. Diseases of Aquatic Organisms,2001,46.181-188.

(2] T, T, sk&)%. hEES KRR (552 H, 9
FEAK IR B2 ® A ()], 3o 254, 2007, 32
(4) :1000-1001.

(3] BliZhe AR IS, sk, 2. BRTTK AR —Rh i R4 A 4
SERRIH AR R AR AL WG [T ] K R
2007,14(6) :1023-1026.

[4] MARIAPPAN P,BALASUNDARAM C, TRILLES J P. In-
fection of the isopod Tachaea spongillicola on freshwater
prawns Macrobrachium spp. in southern India[ J]. Disea-
ses of Aquatic Organisms,2003,55 :259-260.

[5] HORTON T, OKAMURA B. Cymothoid isopod parasites
in aquaculture; A review and case study of a Turkish sea
bass ( Dicentrarchus labrax) and sea bream ( Sparus aura-
tus) farm[ J]. Diseases of Aquatic Organisms,2000,46;
181-188.

[6] KENT M L. Marine netpen farming leads to infections with
some unusual parasites[ J]. International Journal for Para-
sitology,, 2000,30:321-326.

[7] LEONARDOS I, TRILLES J P. Reproduction of Mothocya
epimerica ( Crustacea; Isopoda: Cymothoidae), parasitic

on the sand smelt Atherina boyeri ( Osteichthyes: Atherini-

[

C11] BRAS, Wi, T O0HE. R 7RI ik TE sh &b iy

WEFEBUIR [T ] B RE R SE 41,2009 (3) :189-198.
PR ST R, A S DR TR R % Agent 156
[J]. BRER G #H,2007,2(2) : 69-73.
EIRAR, B, KUY . FE TR HERA R MIMO CDMA
IR [V ], B RE RS, 2008 (1) :38-
42.
SHI Y, EBERHART R C. Empirical study of particle
swarm optimization| C | //TEEE. Proceedings of the IEEE
congress on evolutionary computation, Washington: IEEE
Press, 1999.1945-1950.
EBERHART R C,SHI Y. Particle swarm optimization ; De-
velopments, applications and resources| C] // IEEE. Pro-
ceedings of the 2001 congress on evolutionary computa-
tion, Seoul, South Korea; IEEE Press, 2001 81-86.
FERE T, WRPHUR 35 R S DT DR MATLAB SR
(M. dbst i8R A, 2008.
SRERL NIRRT M]. JEaT. Blas i, 2003.
[REHE Freir]

dae) in Greek lagoons [ J]. Diseases of Aquatic Organ-
isms,2004,62 . 249-253.

LEONARDOS I, TRILLES J P. Host-parasite relation-
ships: Occurrence and effect of the parasitic isopod Motho-
cya epimerica on sand smelt Atherina boyeri in the Me-
solongi and Etolikon Lagoons (W. Greece)[J]. Diseases
of Aquatic Organisms,2003,54 .:243-251.

TAMMY H, BETH O. Cymothoid isopod parasites in aqua-
culture: A review and case study of a Turkish sea bass
( Dicentrarchus labrax) and sea bream ( Sparus auratus)
farm[ J ]. Diseases of Aquatic Organisms,2001,46;181-
188.

SIEVERS G, PALACIOS P, INOSTROZA R, et al. Evalu-
ation of the toxicity of 8 insecticides in Salmo salar and the
in wvitro effects against the isopode parasite, Ceratothoa
gaudichaudii[ J|. Aquaculture,1995,134:9-16.
ATHANASSOPOULOU F, BOUBOULIS D, MARTINSEN
B. In vitro treatments of deltamethrin against the isopod
parasite Ceratothoa oestroides, a pathogen of sea bass Di-
centrarchus labrax L[ J]. Bull Eur Assoc Fish Pathol,
2001,21:26-29.

PAPAPANAGIOTOU E P, TRILLES J P, PHOTIS G.
First record of Emetha audouini, a cymothoid isopod para-
site from cultured sea bass Dicentrarchus labrax in Greece

[J]. Dis Aquat Org,1999, 38.235-237.

[13] sk—Z. RZG[M]. b, P EY 5T H AR, 1998 :200.

[EEHE & 1)



