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Optimized PSO-FCM Cluster Algorithm Based on Principal Component Analysis

CHEN Cheng, LIU Zhen-Yu
(School of Computer Science and Technology, University of South China, Hengyang 421001, China)

Abstract: For multi-cluster problems, PSO-FCM cluster algorithm is lack of performance and easily leads to local
optimum, which affects the accuracy of multi-cluster result. To tackle these issues, an optimized PSO-FCM cluster
algorithm based on PCA is put forward. By introducing PCA processing method, setting different movement weight on
each dimension of particle and reducing particle sensitivity, reasonably controlling movement speed of particles on each
dimension and effectively decreasing unconstrained particles on each dimension, possibility of moving into false cluster is
increased due to over-sensitive particles on interface of multi-cluster groups. Th'i_s paper introduces related conditions of
PSO-FCM algorithm briefly and the proposed optimized algorithmiin detail. Finally, this paper presents the experiment
results, i.e., the optimized algorithm proposed in this study is totally better than other algorithms in many data sets.

Key words: fuzzy clustering; principal component analysis; particle swarm fuzzy clustering

1E AL Gt SR RETTE RN C-IMH RV (Fuzzy WSSO FE TR, WL WS 1 B e Ao B R A A
C- Mean clustering algorithm, FCM) f]— It 16 Bi2:, fEMEE A, £ ERE LI T FCM X W] iH1E B
SINT R F R AL (Particle Swam Optimization, B, o S HUR UK, RSN R AR s S,
PSO), ¥ BRI 5 53 (Particle Swarm-based A BEEFE B 2 L, Bk, 2 K501k, PSO-
Fuzzy Clustering algorithms, PSO-FCM), ifiit PSO 7% FCM W 8 — AW 46 TR S Hh O e B Iv) 2, V50 5 24

© FEWH: HEK B AR EES (61402220, 61502221); WIFTH AL 2Rl A5 8 (16YBA323); WIFSH A AFHEESE: (2015133015); WIFTH B H T HED
H (15B207, 18B279); FiHE KR AIHIHH (193YXCO15)
Foundation item: National Natural Science Foundation of China (61402220, 61502221); Philosophic Social Science Fund of Hunan Province (16YBA323);
Natural Science Foundation of Hunan Province (2015JJ3015); Youth Program of Education Bureau, Hunan Provinve (15B207, 18B279); Innovative Research
Program of University of South China (193YXCO015)
WCRR AT TR]: 2019-07-29; A& IF]: 2019-09-05, 2019-09-18; SR F I H]: 2019-09-29; csa 1ELL Hi i [H]: 2020-02-28

Software TechniquesAlgorithm FPF47 R %% 213

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/7342.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007342
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20204F #5294 53

(I BRSIRL T 185 30, HEASRE B AP AR AL 4F FCM B3 T %
EZ Sl

T g BRI, 51N 5 43 B (Principal
Component Analysis, PCA), A SCHz Hi 3T PCA AL
LT REROR B2 5% (PCA-PSO-FCM), i#it PCA *t
HOVE 54 T 1 0 A A e 2R A dh — AN BUE Y, BT
B o FE 2 MR R 12 1 A S AN 5 1) AR SCE 4 A 4
T PCA-PSO-FCM, 1 H5 FCM il PSO-FCM #4T T
LA EE RIS, IWSEEG FoRE, AR SCHIHETE 2 PP
TR R LT, & — PR G I R EE

ARSI 3180 FEMNCAHREER
WF 78 R S AT (8 Ay AT A 4h 58 2 S X T A L)
oA ST VEA U0 B 28 3 35 43 15 B S e ol AR AH DR
T, W S HLL S S 4 K s B 4 o g
£ d 4 "
1 Bk

PSO-FCM Hi5 52 ROk 35 18 56 S8 v Bty b i) A
SR, AL SRR C PME SR 45 FORS FE, X th
ORI A TR A% I BRI HL2E 5 A N J il s A A
T FRPIEA R, [ V2, R BRI R
PR B B, S G C EE 4 A F
F PSO B SREWILE TS 0, g4 T FCM 4K
PTG T 1 R 8L R PSO SR, BT AMA SR
TR Z A6 R, R 8RR 20 (¥ 18 52 T LI Y, ki
BEAIR T FCM 25 55 B N S pRe fff 1 mT .
1.1 PSO-FCM &%

PSO-FCM S 2 Jik T B A 2 1] (RS8R J 4
W ST TR, SR B A n SO RE A
NX = (xR AC = (o en), p M
Ferpls, THE B SO S E B, i RN jAFE
AR T i MERMNFIEE.

D i = Ly €10,1] (1)
2
Hij = 1/Z::=1 (dij/ko')mi] » dij# 0 2
0, dij=0
FRLARAGE /A S 1 1 0 3 R M

Im = 23:1 Zil (i)™ (xj = ¢;)? 3)

214 H AR H % Software TechniquesAlgorithm

- Z:zl (i) x;

Ci = n m “)
Zj:l (i)
et wvf-i—clrl(pi—X§)+02”2(‘7i—xl‘{)s k>1
vith = Ky o ' ©)
car(oi—x;), k=1
1 k 1
x{?*’ = ‘xi + V{F+ (6)

KA, m R, m > 1, xj— v B AR x B8 i A
FEA UL 3R 2K, PSO-FCM SEAIE NS bR 450, fELER /IS
VLI RE AT ; oy R T RSB LB IR0 B, o BEAA
5 038 71 B e a2 W T iy 220,112 1
FIBAHLIR T 40 o P A

2 TERAAL
2.1 PCA &%

I 2 5 B (458 R R 8, Bm 2A f %2, B0
BT FE IR, PSO-FCM S M BE TG 58 4 R A%
TR AERA S 0 % AT T FERERAL, B 3™
SRR TRl APk TR R 5 (CCPSOFCM),
AN A% A OV FE BB ASR A U0 1R T B R B 2 B,
vk AR B s AL B (GA) 5 PSO TR &AL I8
FE LT BRI 282K (GA-PSO-FCM). X Lk 2 3% 4 2 4t
X F PSO-FCM VAR 4] 46 it ix A 1) @ _E 24T I AL
fh. SEEER LI PR R B, REBIZRL T I e
TWR—2, (H R 76 4% 4 1T AS B b O — A
25y, 15 4T R 2 TR BN T $ . b
5 T R O BT, SR AR b, % R R
JREE BT, LT U RS B A IR, SR S B0 AR
TR\, 5 IE A 5 2 b 2 8 P (0 P 1
VR TR 28 o o i S 7 2 R G, 9 2K oh B B A,
A 1] 2 A A1 25 L T

Y T 58 PR WAL L T 1 1 A B T A
AT PCAU PV 5 R AT AL, PCA 2
— BG4 T I 7 i, i I A8 AR Mk B — s
Y £ 1) B R TE AT, EL AR by — 4397 1 B (B
ERAY). A LSRG R R4S, W
TUAE B, W2 I TE A . 2 B 00T 12 T LA TR A
BT B, 4R R AE AR R I 06 B 1R A SCARAL
Ve BB B HEAT B4, AR PCA o 3 B4 Bk 26 A
Rt e = i, VL HRE AR 25 16 5 4 R 2 ) £ BT

i=1 Xi

=, ), A PSO-FCM Sk ik

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20204F 55294 553 1

http://www.c-s-a.org.cn

i H AR SN A

BERIAH 528
Yi=mry, Y2 =1mMmnr

e+l _ @K+ cryi(pi—x) +erya(oi—x), k> 1
! car(oi—xb), k=1
(7

2.2 RALESESEI

N HOCARBEREX = (x1,x2,++, %)

10. x?’l %xl’.JrV;*']

11 if Jbests j then
. m m

12. Jbest e jO

13. In=X", S iy i)
Z;!=1 (i )" x
Z'}-:l (This
15. else continue
16. end for

17. # A ,chest, ernesl

14, cbest=

WA IR R m; 2% R To M e BHEN F o IZRFEEL T.
BBLAISA fh: BT B 0 Co=(c e )
1. chestecy
2
2. ffr?)‘—Z;Ll P (;tij)'”(X,-—cﬁo))
e
4. for t=1,2,--,T do

5. Phbest <_x§

3 LR ¢
31 SlsmEaEE L

TR S 0 PERE, A SO UCT L2827 1 HO
EEFQ Wine, Breast Tissue, Dermatology, PA X Glass
Identification, & —HEIHARHEAT Ti5¥E, JE BARM T

6.  pindex—argmax(u;j,j=1,2,-,p)
7. b A FH 2 A% R B0 — 1R B AR HEAT B A AL 3. %4
8. fori=12:.1do ) " JEE A E A B8 3 B o3 20 A5 H % 4R P TR R, Kl
9 1+1 —yt ¥ w
REILES g 8 2N 1 Bk
F1 LEBIRER
BREL B R HUEFE AL E
Wine 13 3 (0.4075, 0.1897, 0.0856, 0.0743, 0.0557, 0.0466, 0.0366, 0.0241, 0.0227, 0.0225, 0.0138, 0.0127, 0.0082)
(0.3222,0.1739, 0.0712, 0.0464, 0.0452, 0.0342, 0.0322, 0.025, 0.0236, 0.0217, 0.0198, 0.0187, 0.0168,
Dermatology 33 6 0.0159, 0.0136, 0.0124, 0.0113, 0.0107, 0.0101, 0.0093, 0.009, 0.0086, 0.0079, 0.0072, 0.006, 0.0041,
0.004, 0.0037, 0.0035, 0.0029, 0.0026, 0.0025, 0.002, 0.0014, 0.0005)
Breast Tissue 10 6 (0.6682, 0.1819, 0.078, 0.0361, 0.0234, 0.0088, 0.0031, 0.0003, 0.0002)
Glass Identification 10 7

(0.4543, 0.1799, 0.1265, 0.098, 0.0686, 0.0421, 0.0261, 0.0043, 0.0001) ¢ \

3.2 RENTENIERR
B AR RS K-148 (KNN), FCM, PSO-FCM
FERHE RN GRIEE R A SR VPN S 1 RE 1 4

Fr: PHEE 45 B (Adjusted Mutual Information based seores,

AMI); 1A% 2% 18 2 %7 (Adjusted Rand Index, ARI);
FM #5844 (Fowlkes and Mallows In(fex: FMI). 3 IMF6h5
%‘B%ﬂ”ﬂ%?’éﬁ&.ﬁﬁ‘éE"J’ﬁil‘%ﬂ?'ﬁﬁ, i REERY
S FAR R PRAE LM AR 1S, IX L8 A0 br JE B 1)
SERFBLE0, 112 [0], FEARE BRI 1 Ui B BRI 45 1
LT
3.3 KMIGREERE

K 1 AT 2 #3405 Breast Tissue F0H64E 1 F 4 51
BRZEPTIE BT I, B 1 RASCEIEEROREE b,
AN TTHR AL R, 8] 2 /2 PSO-FCM 53k, K
rhoR] DUBH S R0k B tH R, FEAH R EHE £, A R 4ERE T 1)
A SCRVER IR 45 B AL T PSO-FCM, PSO-FCM

BOEAE SR LB R X, T 2 A RE PO
ﬁﬁ%%&%@@ﬁ)ﬁﬁ, ToIEA R 25 H B T
OB 0, PR AR SBT3 R T, UG
BB S NG i ELVRE i (1 25 HE R SRt BT 25 4
ZRITEZE R 5y, 1E 2 A TR O R T 2 A A R I
T S BIAR IE I BRSO e AR RN AN [A) o ik
0 23 [ HR SR ERCRE o I 1) Bl B 1) A6 88 S A R 1 8
R B IR, 0 B SR R A B .

B 2 FI3% 3 ] LUE Y, ASCH % R TE Derma-
tology ZUHi£E 1 AMI X —/Mabr Ey 5 KNN, X &
R AR R SR B, B A SR RO H s, & —
NG R BRAFER— I — N RBER, A FES
FIRETE, S5 R Al FE T . KNN Bkt R R AR T,
TERAE R KOG 2, PERE OB FCM, PSO-FCM 4>
S, AHR R B AR b, ASCI IR SR T FCM,
PSO-FCM, KNN iX 3 M5y, FCM R FH BEALAI 46 i

Software TechniquesAlgorithm X FHA S 215

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E AR %N

http://www.c-s-a.org.cn

20204F 55294 553 1

O, FERBEE RO 2, FIEERE T Y. PSO-

K I, HE R BRI B R I, A T HA Bk, LR 5 9R
A ST S S = Tl e S B = S R e e S T S

FCM REUE ] PSO HiE45 HRIwIaE A0, BB R R T,
s VERE ETTERE FAL T FOM, H 2 s BT AN .

ERETE R OR. 1T ORI AR 2R AL SRR N B B 2

QUK.
F2  HPMEREE 1
LAETES Rk FM(%)  AMI(%)
KNN 6125 4659
- . Wine FCM 7828  67.89
= e PSO-FCM 8227 7439
ﬁ S ol AICSE | (8385 75.01
= ‘e KNN | 7377 76.42
S I A FCM. ~ 69.62  60.96
oo, | @ . b emamlf’g’ﬁ ~_ PSO-FCM 7006 65.18
gl T @A 2 ACEE 7802 7086
== © \ KNN 4072 4620
* - _ FCM 42.14 4639
0 Breast Tissue PSO-FCM 4240 46586
) . > ASCHE 4759 41.27
8 1 PCA-PSO-FCM i maifiks [ KNN 3918 3031
X o FCM 3274 2356
% Glass Identification PSO-FCM 3397 24.15
ASCE 40.49 32.52
* 3 HPERER 2
e Rk ARI(%)  ZEETEHE (%)
= LART KNN 45.11 50.98
R ol i _ FCM 67.03 71.07
2| A Wine PSO-FCM  69.65 75.44
K| ke % ASCGE 7556 78.14
Tt g e KNN 7.2¢ 72.49
_f,(;‘,.. o wi¥ R Dermatology FCM ?g.47’; 63.02
24 ww . PSO-FCM_.. 61.28 65.51
7 > L AXEmE 7065 73.18
B KNN 28.34 38.42
TR A0.32 \ , FCM 2925 3926
. \ <t Tissue PSO-FCM  29.67 39.64
A2 PSO-FCM STt ACEE 3336 274
> KNN 17.09 28.86
%%%ﬁﬁ%%%%qjﬁ‘%iﬂm %%%I‘ﬂ@% ) ] FCM 14.63 23.64
5274k, IFert R 1 b T B SV T 0 24 Classldentiication psopem 1500 2415
s 0 2. ) R B0 2 5 5, 43 7 S 3. S N N
AebR FORE, ARSCHIE MR O, B, &
). SE 30K

4 digHRE

SKHL PCA 4L [ PSO-FCM 532, @1t 3 vk %

—_

7024.2006.21.054]

Vida, AN, BET PSO MM R HEHL LIRS
B, 2006, 27(21): 4128-4129. [doi: 10.3969/j.issn.1000-

. . . o 2 Mekhmoukh A, Mokrani K. Improved fuzzy C-means based
INALH IR, PR T & 45 B IR 3, BRAR 2 BRI

AZFRLT U, M9 TR T RO R AE ST, FRACKL T
WA IEFRL TN, e —ERE L b, Bk R i AL,
AR TRAN T 4648 PSO-FCM TERE EIAE, 3 sk

Particle Swarm Optimization (PSO) initialization and outlier
rejection with level set methods for MR brain image
segmentation. Methods
Biomedicine, 2015, 122(2): 266-281. [doi: 10.1016/j.cmpb.

Computer and Programs in

216 FHfHARH % Software TechniquesAlgorithm

© TEREBIK R

http://www.c-s-a.org.cn


http://dx.doi.org/10.3969/j.issn.1000-7024.2006.21.054
http://dx.doi.org/10.3969/j.issn.1000-7024.2006.21.054
http://dx.doi.org/10.1016/j.cmpb.2015.08.001
http://dx.doi.org/10.3969/j.issn.1000-7024.2006.21.054
http://dx.doi.org/10.3969/j.issn.1000-7024.2006.21.054
http://dx.doi.org/10.1016/j.cmpb.2015.08.001
http://www.c-s-a.org.cn

20204F 55294 553 1

http://www.c-s-a.org.cn

i H AR SN A

2015.08.001]
Filho TMS, Pimentel BA, Souza RMCR, et al. Hybrid

methods for fuzzy clustering based on fuzzy c-means and

w

improved particle swarm optimization. Expert Systems with
Applications, 2015, 42(17-18): 6315-6328. [doi: 10.1016/j.
eswa.2015.04.032]
4 Jie LL, Liu WD, Sun Z, et al. Hybrid fuzzy clustering
methods based on improved self-adaptive cellular genetic
algorithm and optimal-selection-based fuzzy c-means.
Neurocomputing, 2017, 249: 140-156. [doi: 10.1016/.
neucom.2017.03.068]
Benaichouche AN, Oulhadj H, Siarry P. Improved spatial

W

fuzzy c-means clustering for image segmentation using PSO

initialization, Mahalanobis distance and post-segmentation

correction. Digital Signal Processing, 2013, 23(5): 1390-

1400. [doi: 10.1016/j.dsp.2013.07.005]

6 TR HE, R0, $H/NGE, S5 56 TR B Ak X Aha DL
BB, TR TRE, 2018, 44(11):127-32, 39.

7 . KT BEBORI B SR X R R IO 50

-

BARG R, 2014, 24(12): 138-141.

8 %7 . 2T Chebyshev Wit & f IR R 7 BE Al & FCM &
HREVE TP ENLN S8 AE, 2015, 32(7): 255-258. [doi:
10.3969/j.issn.1000-386x.2015.07.062]

9 RIBER, BHA, EERLE, 55, B TR TR AL 0 B DO
BB BEET AT, 815 7R, 2015, 36(5): 78-84.

10 FisEE, &, EARH, % 5T GA 5 PSORAE L

FCM KM AL 3 iz . B ) R Gu IR 54241, 2011,
39(22): 52-56. [doi: 10.7667/j.issn.1674-3415.2011.22.010]

11 ZR0, A RS, SO 3 B 4 AT ) RINN G B A6 AP 7. 6

FH AL TR 2% 27 4k, 2018, 32(4): 366-371. [doi: 10.3969].
is$n.2095-2198.2018.04.014]

12 E,‘UFIJ, HOWG U, BB, 26, 3 T PCA 55 GA-BP 1% 9 24 1)

AR 1255 52 s VA H T S A 2441, 2018, 32(10):
190-196.

13 ARUIH, MR, BZ . 25T PCA-SVM A5 7 () 21 5 6 S 1%

B R PR B 5. BN LT R R R (B AR RR),
2018, 38(6): 35-40.

Software TechniquesAlgorithm 3 FHA S 217

© EREERREST  hup/iwww.c-s-a.org.en


http://dx.doi.org/10.1016/j.cmpb.2015.08.001
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.dsp.2013.07.005
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.07.062
http://dx.doi.org/10.7667/j.issn.1674-3415.2011.22.010
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://dx.doi.org/10.1016/j.cmpb.2015.08.001
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.dsp.2013.07.005
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.07.062
http://dx.doi.org/10.7667/j.issn.1674-3415.2011.22.010
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://dx.doi.org/10.1016/j.cmpb.2015.08.001
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.dsp.2013.07.005
http://dx.doi.org/10.1016/j.cmpb.2015.08.001
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.eswa.2015.04.032
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.neucom.2017.03.068
http://dx.doi.org/10.1016/j.dsp.2013.07.005
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.07.062
http://dx.doi.org/10.7667/j.issn.1674-3415.2011.22.010
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://dx.doi.org/10.3969/j.issn.1000-386x.2015.07.062
http://dx.doi.org/10.7667/j.issn.1674-3415.2011.22.010
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://dx.doi.org/10.3969/j.issn.2095-2198.2018.04.014
http://www.c-s-a.org.cn

