
R e f e r e n c e s

1. Dempster, A. p., Laird, N. M., and Rubin, D. B. (1977). Maximum Likelihood

from Incomplete Data via The EM Algorithm. J .  R o y a l  S t a t i s t i c a l  S o c i e t y  

S e r i e s  B  39:1-38.

2. Roderick, J., Little, A., and Rubin, D. (1987). S t a t i s t i c a l  A n a l y s i s  w i t h  M i s s i n g

D a t a .  New York: John Wiley & Sons.

3. Schafer, J. L. (1997). A n a l y s i s  o f  I n c o m p l e t e  M u l t i v a r i a t e  D a t a .  New York:

Chapman & Hall/Crc (Software NORM: http://www.stat.psu.edu/~jls/ 

misoftwa.html #top)

4. Tresp, V., Hofmann, R. (1998). Nonlinear Times-Series Prediction with Missing

and Noisy Data. N e u r a l  C o m p u t a t i o n  10(3):731-747.

5. Parzen, E., editor. (1984). Time Series Analysis of Irregularly Observed Data.

L e c t u r e  N o t e s  i n  S t a t i s t i c s  Vol. 25, New York: Springer.

6. Ferreio, o. (1987). Methodologies for the Estimation of Missing Observations in

Times Series. S t a t i s t .  P r o b .  L e t t .  5(l):65-69.

7. Alexiadis, M.C., Sahsamanoglou, P.S., H.S., Manousaridis, I.M. (1998). Short-

Term Forecasting of Wind Speed and Related Electrical Power. S o l a r  E n e r g y  

63(l):61-68.

8. Pedreira, c. E. and Parente, E. (1995). Neural Networks with Missing Values

Attributes. P r o c e e d i n g s  I E E E  I n t e r n a l  C o n f e r e n c e  o n  N e u r a l  N e t w o r k  

6:3021-3023.

9. Verikas, A.,Gelzinis, A., Malmqvist, K., and Bacauskiene, M. (2001). Using

http://www.stat.psu.edu/~jls/


Unlabelled Data to Train a Multilayer Perceptron. ICAPR 2001, L N C S  2013, 

pp. 40-49.

10. Tanaka, M. (1996). Identification of Nonlinear Systems with Missing Data Using

Stochastic Neural Network. P r o c .  o f  t h e  3 5 t h  C o n f .  O n  D e c i s i o n  a n d  C o n t r o l , 

pp. 933-934.Japan.

11. Miller, D. J., and Uyer, H. ร. (1998). Combined Learning and Use for a Mixture

Model equivalent to the RBF Classifier. N e u r a l  C o m p u t a t i o n  10:281-293.

12. Ghahramani, z., and Jordan, M. (1994). Supervised Learning from Incomplete

Data via an EM Approach, in J. D. Coruan, G. Tesauso, and J. Alspector (ed.), 

A d v a n c e d  i n  N e u r a l  I n f o r m a t i o n  P r o c e s s i n g  S y s t e m  vol. 6.

13. Hathaway, R. J., and Bezdek, J. c. (2001). Fuzzy C-Means Clustering of

Incomplete Data. I E E E  T r a n s ,  o n  S M C  p a r t  B  31(5):735-744.

14. Timm, H., Doring, c., Kruse, R. (2004). Different Approaches to Fuzzy Clustering

of Incomplete Datasets. I n t e r n a t i o n a l  J o u r n a l  o f  A p p r o x i m a t e  R e a s o n i n g  

35:239 249.

15. http://www.csee.ogi.edu/~ericwan/data.html.

16. http://science.nasa.gov/ssl/pad/solar/sunspots.htm

17. Chiewchanwattana, ร., and Lursinsap, c. (2002). FI-GEM Network for Incomplete

Time-Series Prediction. P r o c e e d i n g  I n t e r n a t i o n a l  J o i n t  C o n f e r e n c e  o n  N e u r a l  

N e t w o r k  2:1757-1762, Honolulu.

18. Hughes, D.A., and Smakhtin, V. (2001). Daily Flow Time Series Patching or

Extension: A Spatial Interpolation Approach based on Flow Duration Curves.

103

H y d r o l .  S c i .  J  41(6):851-871.

http://www.csee.ogi.edu/~ericwan/data.html
http://science.nasa.gov/ssl/pad/solar/sunspots.htm


19. Schneider, T. (2001). Analysis of Incomplete Climate Data: Estimation of Mean 

Values and Covariance Matrices and Imputation of Missing Values. J o u r n a l  

o f  C l i m a t e  14:853-887.

20 Verbeek, J. J., Vlassis, N., Krose, B. (2002). A k-segments Algorithm for Finding 

Principal Curves. P a t t e r n  R e c o g n i t i o n  L e t t e r s  23:8:1009-1017.

21. Chiewchanwattana, ร., Lursinsap, c., and Chu, c. H. (2002). Time-Series Data

Prediction Based on Reconstruction of Missing Samples and Selective 

Ensembling of FIR Neural Networks. P r o c e e d i n g s  o f  T h e  9 t h  I n t e r n a t i o n a l  

C o n f e r e n c e  o n  N e u r a l  I n f o r m a t i o n  P r o c e s s i n g  ( I C O N I P ’0 2 ') , pp. 2152-2156, 

Singapore.

22. Chiewchanwattana, ร., Lursinsap, c., and Chu, c. H. (2004). A Reconstructed

Missing Data-Finite Impulse Response Selective Ensemble (RMD-FSE) 

Network. In Rajapakse, Jagath c.; Wang, Lipo (Eds.), A Chapter in N e u r a l  

I n f o r m a t i o n  P r o c e s s i n g  S y s t e m :  R e s e a r c h  a n d  D e v e l o p m e n t  ( S e r i e s :  S t u d i e s  

i n  F u z z i n e s s  a n d  S o f t  C o m p u t i n g )  ISBN: 3-540-21123-3, 152:113-127, 

Springer.

23. Chiewchanwattana, ร., Lursinsap, c., and Chu, c. H. (n.d.). The Imputation of

Missing Samples based on the Varied Window Clustering of Incomplete Time 

Series Data. P a t t e r n  R e c o g n i t i o n  L e t t e r .

24. Perrone, M. p., and Cooper, L. N. (1992). When Networks Disagree: Ensemble

Methods for Hybrid Neural Networks, in N e u r a l  N e t w o r k s  f o r  S p e e c h  a n d  

I m a g e  P r o c e s s i n g ,  (n.p.): Chapman & Hall.

25. Singhal, ร., and พน, L. (1988). Training Multilayer Perceptrons with the Extended

104



Kalman Algorithm, in D. ร. Touretzky (ed.), A d v a n c e s  i n  N e u r a l  I n f o r m a t i o n  

P r o c e s s i n g  S y s t e m s  1:133-140.

26. Wan, E. A. (1994). Time Series Prediction by Using a Connectionist Network with

Internal Delay Lines, in T i m e  S e r i e s  P r e d i c t i o n .  F o r e c a s t i n g  t h e  F u t u r e  a n d  

U n d e r s t a n d i n g  t h e  P a s t ,  S F I  S t u d i e s  i n  t h e  S c i e n c e s  o f  C o m p l e x i t y ,  A. 

Weigend and N. Gershenfeld (Eds.), Proc. Vol. XVII. (n.p.): Addison-Wesley.

27. Zhou, Z.-H., พน, J.-X., Tang, พ., and Chen, Z.-Q. (2001). Combining Regression

Estimators: GA-Based Selective Neural Network Ensemble. I n t e r n a t i o n a l  

J o u r n a l  o f  C o m p u t a t i o n a l  I n t e l l i g e n c e  a n d  A p p l i c a t i o n s  l(4):341-356.

28. Junninen, H., Niska, H., Tuppurainen, K., Ruuskanen, J., and Kolehmainen, M.

(2004). Methods for imputation of missing values in air quality data sets. 

A t m o s p h e r i c  E n v i r o n m e n t  38:2895-2907.

105



Gau
ge H

eigh
t Da

ta 
Mac

key-
Glas

s Da
ta

106

Mackey-Glass Chaotic Time-Senes Sunspots A.D. 1915 to A.D. 2002

(a) (b)
Gauge Hieght, Ping Rever, Thailand Air Temperature, Nakhon Ratchasima 1 Thailand

(c) (d)

Figure 5.1: The time-series data of (a) Mackey-Glass (b) sunspots (c) gauge height data 

and (d) the air temperature.



A p p e n d i x



Mackey-Glass matlab function
A p p e n d ix  A

f u n c t i o n  x = m a c k e y g l a s s ( ท ,  l e v e l , a ,  ๖ ,  c , x O )

% S y n t a x ะ X = m a c k e y g l a s s ( ท ,  l e v e l , a , ๖ ,  c , x O )

% _  _ _ _ _ _  _ _  _ _
%............. ........................................... .............
% S i m u l a t i o n  o f  t h e  d i s c r e t i z e d  v a r i a n t  o f  t h e  M a c k e y - G l a s s  F D E .

1 X ; 1 + 1 ) = x ( i ) + a X ( i - s ) / ( 1 + x ( i - s ) ' c ) - b x i  i )
%
% X  i s  t h e  s i m u l a t e d  t i m e  s e r i e s .

% ท  i s  t h e  n u m b e r  o f  t h e  s i m u l a t e d  p o i n t s .

% l e v e l  i s  t h e  n o i s e  s t a n d a r d  d e v i a t i o n  d i v i d e d  b y  t h e  s t a n d a r d  

d e v i a t i o n  o f  t h e

% n o i s e - f r e e  t i m e  s e r i e s .  W e  a s s u m e  G a u s s i a n  n o i s e  w i t h  z e r o  m e a n .  

% a ,  ๖ ,  c ,  a n d  ร  a r e  t h e  p a r a m e t e r  

% x O  i s  t h e  i n i t i a l  v a l u e s  v e c t o r  f o r  X .

%
% N o t e :

% ร = l e n g t h .  ( x Q )

%
%
% R e f e r e n c e :

%
% M a c k e y  M  c ,  G l a s s  L  ( 1 9 7 7 ) :  O s c i l l a t i o n  a n d  C h a o s  i n .  P h y s i o l o g i c a l  

% c o ท t  r o 1  ร  y ร t e m s .  ร  c i  e  ท c e  1 7  7  :  2 8 7 - 2 8  9
%
%
% A l e X a ท  d r o  ร  L e  o ท t  i t s i s  

% D e p a r t m e n t  o f  E d u c a t i o n  

% U n i v e r s i t y  o f  l o a n n i n a  

% 4  5 . 1 1 0  -  D o u r o u t i  1 l o a n n i n a  

% G r e e c e  

%

% U n i v e r s i t y  e - m a i l :  r n e 0 0 7 4 3 @ c c . u o i . g r  

% L  i f e  t  i  m e  c  -  m a  i  .1. ะ 1  e  ๐  a  1  e  q  8  y  a  h  o  o .  c  0 ๓

i  H o m e p a g e  ะ h t t p : / / w w w . g e o c i t i e s . c o m / C a p e C a n a v e r a 1 / L a b / 1 4 2 1
%
% 1 6  N o v  2 0 0 1

i f  n a r g i n < l  I i s e m p t y ( ท ) = = 1

ท= 5 0 0  ;
e l s e

% ท  m u s t  b e  s c a l a r  

i f  s u m ( s i z e ( ท ) ) > 2

e r r o r ( ' ท  m u s t  b e  s c a l a r . ' ) ;

e n d

% ท  m u s t  b e  p o s i t i v e  

i f  ท < 0

e r r o r ( ' ท  m u s t  b e  p o s i t i v e . ' ) ;

e n d

% ท  m u s t  b e  a n  i n t e g e r  

i f  r o u n d ( ท ) - ท ' ' = 0

e r r o r ( ' ท  m u s t  b e  a n  i n t e g e r . ' ) ;

mailto:rne00743@cc.uoi.gr
http://www.geocities.com/CapeCanavera1/Lab/1421
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e n d

e n d

i f  n a r g i n < 2  I i s e m p t y ( l e v e l ) = = 1  

l e v e l = 0 ;

e l s e 1 l e v e l  m u s t  b e  s c a l a r  

i f  s u m ( s i z e ( l e v e l ) ) > 2

e r r o r ( ' l e v e l  m u s t  b e  s c a l a r . ' ) ;

e n d

% l e v e l  m u s t  b e  p o s i t i v e  

i f  l e v e K O

e r r o r ( ' l e v e l  m u s t  b e  p o s i t i v e .  '  )  ;

e n d

e n d

i f  n a r g i n O  I i s e m p t y  ( a )  = = 1  

a — 0 . 2  ;

e l s e

% a  m u s t  b e  s c a l a r  

i f  s u m ( s i z e ( a )  ) > 2

e r r o r ( ' a  m u s t  b e  s c a l a r . ' ) ;

e n d

e n d

i f  n a r g i n < 4  I i s e m p t y ( ๖ ) = = 1  
๖ = 0 .  1 ;

e l s e

% ๖  m u s t  b e  s c a l a r  

i f  s u m ( s i z e ( b ) ) > 2

e r r o r ( ' b  m u s t  b e  s c a l a r . ' ) ;

e n d

e n d

i f  n a r g i n < 5  I i s e m p t y ( c ) = = 1  
c = 1 0 ;

e l s e

% c  m u s t  b e  s c a l a r  

i f  s u m ( s i z e ( c ) ) > 2

e r r o r ( ' c  m u s t  b e  s c a l a r . ' ) ;

e n d

e n d

i f  n a r g i n < 6  I i s e m p t y ( x O ) = = 1  
x 0 = 0 . l * o n e s ( 1 7 , 1 ) ;

e l s e

% x O  m u s t  b e  e i t h e r  a  s c a l a r  o r  a  v e c t o r  

i f  m a x ( s i z e ( x O ) ) > 2
e r r o r ( ' x O  m u s t  b e  e i t h e r  a  s c a l a r  o r  a  v e c t o r . ' ) ;

e n d

e n d

s = l e n g t h ( x O ) ;

% ท  m u s t  b e  g r e a t e r  t h a n  o r  e q u a l  t o  S = l e n g t h ( x 0 )  

i f  ท < ร

e r r o r ( ' ท  m u s t  b e  g r e a t e r  t h a n  o r  e q u a l  t o  s = l e n g t h ( x O ) . ' ) ;
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e n d

x ( l ' 1l ) = x 0 ( s )  + a * x 0 ( l )  /  (1+xO (1) Ac)  - ๖ * xO ( ร ) ;  
f o r  i = 2 : l e n g t h ( x O )

x ( i , l ) = x ( i - l ) + a * x O ( i ) / ( 1 + x O ( i ) Ac ) - b * x ( i - 1 ) ;
e n d

% S im ulate
x ( i , l ) = x ( i - l ) + a * x ( i - s ) / ( l + x ( i - s ) Ac ) - b * x ( i - 1 );

e n d

% Add norm al w h ite  n o ise  
x = x + r a n d n ( ท ,  1 ) * l e v e l * s t d ( x ) ;



A p p e n d ix  B

The flow of WDC algorithm in each iteration.

S t e p  1
l  P i c k  u p  i n d e x  o f

1 B e g i n  V n i s s i n g  a n d  t a r g e t
r  s u b s e q .  V T

U n til e n d  
v a l u e s

f hoff m is s in g

S e t  t h e  a v e r a g e  
o f  i m p u t e d  
v a l u e s  x m

S t e p  6

<

I n c r e a s e  t h e  s i z e  o f  t h e  p a r t i t i o n i n g  
w i n d o w  b y  s e t t i n g  K  =  K  +  1

F o r  e a c h  s u b s e q u e n c e  j  i n  p ,  
s e t  e a c h  i m p u t e d  v a l u e s  o f  X m

c o m p u t e d  f r o m  v y a n d  a l l  
s u b s e q u e n c e  i n  g r o u p  p  u s i n g  

e q u a t i o n  ( 4 . 1 0 ) .
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