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Positive and negative fuzzy rule system, extreme learning machine
and image classification

Wu Jun, Wang Shitong, Zhao Xin

( School of Digital Media, Jiangnan University , Wuxi 214122 China)

Abstract: The positive fuzzy rules often were used only for image classification in the traditional image classification
system, while the negative image classification rules were ignored in effect. Nguyen introduced the negative Fuzzy rules into
the image classification, proposed a combination of positive and negative fuzzy rules to form the positive and negative fuzzy
rule system, and then applied it to remote sensing image/natural image classification. Their experiments proved that their
proposed method has achieved good results. However, since their method was realized using the feed forward neural network
model which adjust the weights in the gradient descent, the training speed is very slow. Extreme learning machine (ELM)
is a single hidden layer feed forward neural network ( SLFN) learning algorithm, which has advantages such as quick
learning, good generalization performance. In this paper,it proves that Extreme Learning Machine (ELM) and the positive
and negative fuzzy rule system is essentially equivalent, so ELM can be naturally used for image classification. Our
experimental results support this claim.

Keywords: image classification; positive and negative fuzzy rules; extreme learning machine

R, MG 2SRRI B Az M A, 45 2 P & e
FZR 3 A TR R TR A A [ 4k B SU H )
FLARRE T, G ] R AR AT 58 &R 73
W B BRI B BRI R JERSCB R s JEAIRUIE 55 (9 I RE A8 A Sh Ak B IETR 131 5 AL &

0 3

T

o5 B #3:2010-07-13; & B H #§:2010-11-17
EETE : FHR A RBAHESI H (60704047 ) 5 [865¢ A SR £ AL G 1 H (9082002) .
FE—AEBRN: RE1986— ) F o TR REHTEAEBE TSI SR LML B0 AR, T 7 1R R 2K

E-mail ; wujunqj@ 163. com,,



5 8 1]

RAEAG IR USRI RN 2R 58 AR BRI L5 R 26 1409

Gt BURT RS RS AT s fe it TR 2 i #
R Bl 2 M 28BS 1Y & i, HFE R 4y 26 h
RN WTIE 22 i 22 I 2% HA AR i A AR 2k
PEIE T RE ST, (BR800 2% (19 27 ) T BE AR AR R g i 2
AT 3R o Nguyen 4§ H 1] FH T 57 BSER)000 AR 45
B B I7 R R IEAT 7328 (B AL GE Y BE T 1E AR
TV KR 225 B A0 T 5t ol 26 PR 24 A R0 TP BT A O S50 T
BEPE R AN 2R ) A7 A AR B ARORE M HL A 1R 2
1) AL A v SR A B Bk e R AL, 75 5 i
AN SRt It , I 2% > 7 RE 32 S B, IFx8 -z
IS P I T AR KR, W R~ 2T HL(ELM) ) 5 %
RPN 28 AR KA [R], B AN 5 20 e AL
HEAT IR B 2 B A A g 22 2 AT =R B, R
(B = T A28 I 2% 1) 2 S R

TEARGE G 2, RZ 200 1 5 L7 1R
S PER, ORI E R0 X AR AT 5026, TR
ORI 2R G Hh | — b 75 B R A 3  0) RE
IF x,,is A,; and x,, is A, ---and xy, is A, ,then y,, is C,
with W, and y,, is C, with W, ---and y,,, is C,, with W, .
Hr, x, = Lwy,ay, 0y ] ENAERIAL A, 0=
(1,2, ,N) SRR ARIBERE, W, =0, m =
(1,2, M) ZAUA, ¥, = [yu Yo Y] JEXFI
Wtk , C,,C,,+,Cy 0 x, TEIE, AT LIE
H ZERBOIRLIN 2 v, AR 53 RSO 3 S ML 2% )8
T IEBC RN CHAUE W, MIERD o EXHESEREL
PAZ IR UL — B ICIE A BR A o A7 LERFE 3 AR
T ORI (RTR 3 2 v i R EE (HAR DA A
ok — 5 I RIBESE AU R BORHIT A B 4 —
TR 7 A X 2 B A G IR AL I . AESCHR[ 1] R
Nguyen #4571 KL 5 TG 5325 , )T IE GROR KL 00)
S & BT G E AT 0028, OF e g oy 2 it 1
HRAS T ARSF ISR . A R 2% T LA 3R A
FRRSLAELIEL I , IR P L SRRSO L DU AH 245 45 4 O vk 0
KR AT 532K

1 EGEMAN RS

TEBOMI R G LN b (R A SRR YR 2, B
JERLMAYEE R . T8 E FLAORT R G )0 e rp, RO
TERTHIRLIN , HA(E A TR AL Y TR0 B =X
g “TF A Then do B” , 171y 7 HLIUIASEAS] 22 e ML DU 2 v
HAL S ORI, HAE Ry A, AL A SR 4 B =X
A “IF A Then do not do B” . 7EE %2 id e,

DR R GEAR KA T R ER 25 B, AT 32 A
TRRERTRLE

KB LU P “IF--Then- -+ 45 ke AR R

MU 1 TF JH 28 F AR /N T 18 2

Then ft AT LAPE PORMEA AT LA BERY
MU 2. TF 2 AR KT 18 %
Then iy AT LAB& 0L AT LAPEPY

MIXAMEF- 1] LA H SO0 CREU) 1) 48 5 &
Geik e — LN RAE O, YT X Le A5 L , IR0
MTTU6TE T R G TAE , RGAROUA A T 5o,
FET X R G0, v LA R0 42 6 i /D AR N AN B
2 R IE SRR S S LN AR 45 & KA U R &R
GETAFRCR o IE GBS 73 SR AR ES & A 45 A4 T L
VR

B R:IF x,, is A, and x,, is A, ---and x, is 4,
Then y,, is C, with W, and y,, is C, with W, ---and y,, is
C, with W, .
Hpox, = [, ,%, %] , k=12, KZN4E
BN, C Cy CylEw, TIREE, A, ,n= (1,2,
N) ZAR SR IE R R, W, e R, r = (1,2,
R) ,m= (1,2, M) Bx, r/@BHE. 245 W,
HIERS, R x, JB T C, EIAGE ;4 W, AL
I, 2N x, BT R IE R FL N R KM 735
T i N\ AR R ) 2 AR N DA K
JIrits e 2R B2

X Je—> 2 A 22 BRI AR 22 I 4% H
55 m A E SCH

R

R _ z W..B.(x,)
Y= > B(x )W, = "F— =
> B(x)
S W[ - 3 U i)
r=1 n=1 g, (1)
- exol — N ('xnk _I‘Lrn>2
rZI p[ HZI 0'3" ]
. om = 1,2,--- M
Kb, B.(x,) B (x,) SIIFR K
Er(xk> = fr(ixk)
ZB,(xk)
- exp| _ N (xnk _Mm>2 o)
B(x) = ew| - 3 B ] (2)

Mfll’o-rnr = (1’25...’R> ;n = (152’...’N) é}%u%



1410 FEEREIEAW www. ¢jig. cn

%16 &

AERY, 5 i pR B T RN SE R, W, . omo= (1,2,
M) J AU o SCHOARIE R SR DR U A x,
RS
Yi = Cm"m, = lgfgﬂ()”km) (3)
T 1 SR AL 48 0 25T 1E SRR A U A 235 65 () A5 Rg
T2 LR AR e 25 IR0 2% S — T 5 e 22
M, I AJZ (3R 1 2) Fl)2 (58 5 )2) MR s
AN (E2 2 HEIRF4R).

R R

3R AR SR
K1 3A5A (N =3) 4 %00 (R =4) W41
By (M= 2) X5 RO A 22 1 2%
Fig. 1 Fuzzy neural network with 3 inputs (N = 3)
classes (M = 2) and 4 fuzzy rules (R = 4)
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Fig.2 Classification results for remote sensing image
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Fig.5 Classification results for three-color image
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