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Fuzzy Support Vector Machine Based on Density with Dual Membership
LI Lei, ZHOU Meng-meng, LU Yan-ling

(School of Sciences, Nanjing University of Posts and Telecommunications, Nanjing 210003, China)

Abstract: In this paper, an improved fuzzy membership function determination is proposed to train the fuzzy support vector machine

(FSVM) for classification which the sample set in reality environment is increasing, and it often contains a lot of noise and outliers. In the

improved algorithm, the sample points have the different types of memberships ir; different regions. That is, the membership of the sam-
ple point near by the class centers is determined by the distance between the point and its class center, and the membership of the sample

point far away the class centers is determined by the proportion between the number of its congeneric points and the number of its hetero-
geneous points in its neighborhood. The dual membership is introduced to reduce the algorithm complexity and shorten its training time
Key words: fuzzy support vector machine; dual membership; density; class center

5l B

TR EL( Support Vector Machine, SVM) Ol
FHiT% LB VC 4k (Vapnik Chervonenks dimen-

compared with fuzzy support vector machine based on density, at the same time the algorithm well improves the SVM’s accuracy rate.

sion) FRE FN 45 4 AU B/ MG TR 3 (Seructural Risk Mini-

SVM B ERE MR, i, TR R 85
1) 53 S TRLREL, U0FT T AR ST A R SO B9 Rk
mE, '

o T e ST 1) B S B L 3 3 A 1)

mization) , R ARRHE L SR T AL 8% T hiodesk  TIA THRISTIFERHL(FSVM)®, (EHERI S F i

AR R B R AR/ NIRRT, FEAL T/ VR A

FEREET , SVM (32 4L B 1 BT , B RE B AT H A g/

A A St T R B B /1 5 2 S R A A 1

P, RIBRE R BB BN E R, XERE
NXHEFERMATZERIER, B L= [ /Y a5

BB E IR KFRE THENRRE. &

v

JR B R BN RS & WL ME B R R A B R
B A RIF M £ R AR R B Ry TR
FTH LB IT R, e 20" 4 1 ) B O SRR BE bR
BRI, X FRETETEFLHRRE
F SVM @2 TR, B A DRI EABR  FROTER SHF SHREERERBIRTOHE
BB AN ZOE AR TRARY, BE, Bay  BUE B PR HHE N B E RS R U,
SRR I0JR T B THEHENRE ZROHEE, &4
R EL R 2009 — 03— 10+ Bl BV 12009 — 06 — 15 AR R R L iy FLAB BN IR 26 57 KA 15 49 BL 1) A
ELBRMITE LA K, BX, EXTOREH

2 BB LS T H (04KJB110097, 08KIBS20023) ; i B IR H, e 2
2RI B (NY207064)
EE/

BT : R ARBFER ST H (10371106, 10471114) ;7054 5%
EO1958 ), B, L@mili A, B8R, B 1 86
{55403 AR SR B,

RRRRIRE ETHEET 1, A BEHER b PR R
N T BB RN 5540, B A SR
TER A F RALRRR S S BRERERSE T
B yLaz Fr o ) B SR 0

Vol.19 No.12



%= 128

F  BE TR IERR R S R - 45 -

FESCHP R T — T O RO SRR T OB TR
B SEIE 2 L BOREAS SR B LRI P O I B B
S, TR RO BOREAR SR B el HL AR I A R R 2K
e 5 B I RE 5 IRT A S 7 R {048 7 o P (R X 2k
BROB I, IR BT M T B, LRRE BT
W AR A S BB R R T
Sy AR B T H B LB ATR )

1 BRI HFEET (FSVM)

HEEGR SVM BiS P, il gt B TR E 5
AR BRANLE SR+ 8Usy, B7E svM il
G R, BT A B SR R BB R SR X AF . X RR R B
T SVM X B8 FEBR B TE 09 s it 4 %, X AR B T2 B
RAEMNEEI AR, RS LIREAEES, A E
WS RERGERBAR L, —BKUL, YL
P RAEFEEMSRERWERBX, FotdFE
— B S RERMEMBN EERMAEEN.
R, ZELLPRS KA, BPUE AR EE H S IEH
5335, 3F HLT LA B AR SR B 3 1Y

BOW Xm0 BRETI AR REE,
R R AR XT 43 2 0 ST AN [] , T LA AE DL ) s
BB, XA AT /N EFELR IR PR RO B2, SR SVM 9 43
KR, EHBEAT , NESAHTBBTHESLH
F—%, MAFTEFETIEL, E—-NIERES
BO%MITTHEIR TH —25,20% MR B TiXx — 2.
BHP—AEEARBTATEE 70% KB T3 —3,30% 9 7T BB
AEFX—%, URE SN TFEMEERE », FE—
A 55 253 BLEEMI AL BB 11,0 < g <<1L,3E g BRH
RBE R,

BENGFEERE T = {0, v el 122, va0 p2h
o ta, vt R 2 € RY ARARRE, y, € (-1,
1 AEFRR, i, € (0,11 FR o, BTy RRE RZH
BEAE S,y MREE,i =1,2,,0, ANTi R A
BOW S 35 B BRI B A d i A R IR Y

!
min g loll?+ CX e
s.t.

i (o olz)) +b)~1+620
£>0 i=1,2,",1
P =

5| A Lagrange &7

{ {
L(w,b,§) = ‘% lwll?+ CE#.-E,-— Za;[y,- .
i=1 i=1

(0 plz) +0) ~1+ &1~ 2584
W KKT %044

OL(w,b,&) !
Pt Jyndh S S AP — AL ) =0
5 w é 1: a;yiplxi)
L(w,b,&) S’j
st il e et R4~ N = 0
b —s G
L(w,b,8
§<_wa&{)._§_)=c#i_ai_ = 0

Y ISR 5 R 8 2 °F T A — A R AR Il R

l ! {
maXZai—%Z > amyyK (zi0 7))
i=1 : i=1 j=1
s.t
0<ai<#ic
. 1 =1,2,,1
Day; =0

He,C> 0 AETSH, RAME LR ETINE
B, PERSHERMRERE. G =0 A0 EH,
K(z;,x;) = ¢(x;) « ¢(x;) R R Mecer EBHIZ
BRI

XIS BN R R A4 S T A BR SRBR B

£2) = sinl 3 K (xz) + 0]
2 BMREESVEZ

gﬁ%i}”gﬁ#j:% T = {11,}’1,#1} 3 ixZ’yZ’#Z} ’
Az, v mt , RPEFSWRTT TR,

2.1 B X
BEA R Z AR
D(z;,z;) = | z; — =; |l

HAGHREIRSFEE RESEETHN:

pt (2 R) =1 {z; i D(z;, ) <R,y = yl |

o (z;,R) =1 {x; | D(zj,z;) < R,y # y;1 |
K | E | BRER ENS BIESR EFTRHTE,
R AT R A S SR AR

BWEREREAREHREPLITHNHR 07,0 .8 X
%EF'E‘%J:

211' Zlfi

Ot = 'y‘l+ O = L}_—
K 1707 BRRERES ST

WY 01,0 W1, fH18
p(0") =11z, 1 D(z;,0") <R",y = 1} 1= a%!"
p(O7) =1 {.T,j I D(xj,O_)éR—,yj =—1l 1= a%!”
0< a < 100, HF1ESH

BREREEARNAE LRGN RTR XK,
BIE(R) BPOMIE(R) B EHRMBRRES
T a% B9IE(SR) PR, RRRRR T W75 FIEFEXS
IE(f) 2P0, Il 1 iR,




- 46 - HREYERGRRE

F19%

H1 AEZUAZ
2.2 REEREMBE
R\ B A PORERIERER S WA, BA
BA S XARRARNOREFRIT .
221 FREPOHHREGEER
EERPOMBEERSRIEREG TN
D(z;,0") <R",y;, =+1
" D(2,07) <R,y =1
0< b<<1 HHEFSH,

REERLERN:
1 _
Dz —0y ¥=T1
R =
— R+
Hi = 1 L
L+ Dz =07 i
—

c > 0 FAAY S,
222 ZEEPOHAHRSHEEA
EERPLMBERSRIEFATRNA:
D(z;,0%) > bR*,y; =+ 1
orlD(:c,-,O“) >R,y =-1
KEEREN:
B dp* (z;,R)
K7 0" (2 R) + p (2, R)
0< d<1,R>0XAANEH,
REZE R R BT AR S5t 45 10
BoEm, NRRTERNERE.

3 HEXRRLER

TRA=AREIMN UCI BIEETR, Kb Esda
SEE RVIZREEZR 1000 4, THAREAS 1800 4N REE S
K MATLAB; K BUBE 4355 9 TK - 53,1. 73G X 2
CPU,1G . FIERMEERE XK KBER ; %
RBCRABRMERE; XTERIY RANESER
BEBRRREEREBREIE , BGRARKER A=
HERFFANSHEOCAER, XFERSERXH
F B SR [10] B LRGSR NE 1 iR,

MR 1IATAE H, R AT R B R T 5 A X
HR R E N X #7841 (DDFSVM) # DFSVM #i

FSVMM4RKEEAR TR E, [ st DFSVM #3217

BHEIR KPR, TREHXFEEBHECEERLST

MRt R, R TEEERE BET

BITESE], IR E TN X IF R BN M HER,

21 EMFEESATZAPHEG LR R
SVM DFSVM DDSVM

BRSSP SEiTRtE 02N AETaE X st

Australian  72.56% 0.42s  79.78% 7.35s  92.42% 1.64s

Diabetics 69.03%  1.15s  80.34%  9.01s 93.48%  3.63s
German  79.07%  1.49s  83.72% 11.42s 96.20%  3.91s

4 HRIE

RETHTFEEEROWREEEHLH RN,
TRAEREN, XHRENE SRR T FRENE
B BEE T AR, ERRERARELETOHN
A EEEA LR S, BITERBERENSE b UK
YA R SR AR 4R o (Y MR 7 I O, BD AT s B R Y B
¥ o BREHRRAFRF

BT

(1] XET3ty, HIEA. BIBISEPHH H E—FE N
[M]. JE5% B2 AR 4, 2004

[2] Chen }iaming, Li Lei, Nie Lingye. Wavelet image compres-
sion by using hybrid kernel SVM [ C] // Proceeding of
ICMLC2008. Kunming: [ s. n. ],2008:3056 — 3060.

[3] Cui Jianggui, Li Zhonghai. The Application of Support Vec-
tor Machine in Pattern Recognition[ C] /2007 IEEE Intema-
tional Conference on Control and Automation. Guangzhou: [ s.
n. ],2007:3135 - 3138.

(4] EXRE,ZF F 2T SVRNAGHERIE]. HENE
AR5 KR ,2009,19(1) : 60~ 62.

(5] B .z EA A BTIHFEENMNIEXRESZH
PAER)]. PaSmR e Be 4R, 2008, 13(1) :37 - 40.

(6] FKALME, A . ZTEE VSM W XEGFEREETRLI]
HHENEAR S K R.2009,19(1):71 - 73:

[7] Lin Chunfu, Wang Shengde. Fuzzy support vector machines
{J1. IEEE Transactions on Neural Networks, 2002, 13(2):
464 - 471.

[8] Song Qing, Hu Wenjic, Xie Wenfang. Robust support vector
machine with bullet hole image classification[ ] ]. IEEE trans-
actions on systems, man and cybemetics — part C: applications
and reviews,2002,32(4) : 440 — 448.

[9] Zhang Xuegong. Using class — center vectors to build support
vector machines] C] // Neural Networks for Signal Processing
IX~ Proc of the 1999 IEEE Workshop. Wisconsin: 1EEE
Inc,1999:33 - 37.

[10] &k TEK, BRE. ETHEERENZFmEN
[}1. REA¥2M,2004,37(6):544 — 548.



