
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

A WAVELET PACKETS TECHNIQUE FOR THE DETECTION OF
ANOMALIES IN FOURIER TRANSFORM INFRARED
INTERFEROGRAMS
Falih H. Ahmada; Ray M. Castellaneb; Bartley P. Durstb

a Department of Engineering Technology, The University of North Carolina Charlotte, NC, U.S.A. b

Department of The Army, Engineer Research and Development Center, Vicksburg, MS, U.S.A.

Online publication date: 14 August 2002

To cite this Article Ahmad, Falih H. , Castellane, Ray M. and Durst, Bartley P.(2002) 'A WAVELET PACKETS
TECHNIQUE FOR THE DETECTION OF ANOMALIES IN FOURIER TRANSFORM INFRARED INTERFEROGRAMS',
Spectroscopy Letters, 35: 4, 527 — 541
To link to this Article: DOI: 10.1081/SL-120013889
URL: http://dx.doi.org/10.1081/SL-120013889

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1081/SL-120013889
http://www.informaworld.com/terms-and-conditions-of-access.pdf


� ��A�$�� ������� �����"D2� ��

��� /�����"�� �� �����$"�� "�
��2
"�
 �
�����
� "��
�
�/

"���
��
�7
���

��#�. �� �.(�	�6�G 
�% �� �����##����& ��	
!���#�% �� /����&

7�,! �'/,)' (. �)-�),,��)- �,&�)(%(-0	
��, �)�+,���'0 (. �(�'� � �(%�) �� �%('',	 �� 9899>

9�,! �'/,)' (. ��, ��/0	 �)-�),,� �,�, �&�  )"
�,+,%(!/,)' �,)',�	 � ',�2 0� �1!,��/,)' �' '�()	
>?6? � %%� �,��0 �( "	 ��&3�$#�-	 �� >?786�B7??

�!��
���

� ',&�)�J#, '� ' �)',-� ',�  !!%�& '�()� (. 2 +,%,' ! &3,'�
 )" !��)&�! % &(/!(),)'  ) %0��� �� ",+,%(!,"� ���� ',&�)��
J#, ��  !!%�," .(� '�, !#�!(�, (. ",',&'�)-  )(/ %�,� �)
�(#��,� �� )�.(�/ �).� �," C����D �)',�.,�(-� /�� �) ,1�
!,��/,)' % ,1 /!%, �� -�+,) '( ",/()�'� ', '�, !,�.(�/ )&,
(. '��� ',&�)�J#,�

>�+ ���
�; � +,%,'�@ �)',�.,�(-� /@ �(#��,� '� )�.(�/@
�).� �," �!,&'�(�&(!0

G�(��,�!()"�)-  #'�(�� � 1; C:6AD 576�BA??@ ��/ �%; .� �/ "<#)&&�,"#

=&?

�(!0��-�' � 9669 $0 � �&,% �,33,�	 �)&� 222�",33,��&(/

������������ �������	 >5CAD	 59:L5A7 C9669D

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



"��
�/2��"��

�) �,&,)' 0, ��	 2 +,%,'� � +, .(#)" '�,�� 2 0 �)'( / )0 "�K,�,)'
I,%"� (. �&�,)&,  )" ,)-�),,��)-� � +,%,'� &()�'�'#',  . /�%0 (. .#)&'�()�
&()�'�#&'," .�(/ "�% '�()  )" '� )�% '�() (.  ��)-%, .#)&'�() & %%," '�,
/('�,� 2 +,%,'� ��,0 !(��,�� �,+,� % #�,.#% !�(!,�'�,�	 �#&�  � (�'�(-()�
 %�'0	 &(/! &' �#!!(�'	  )" ,1 &' �,!�,�,)' '�() (. !(%0)(/� %� '(  &,�' �)
",-�,,� �%�(	 '�,0  �,  $%, '( !�("#&, %(& %�F '�() �) '�, 2 +,%,)-'�  )"
.�,J#,)&0 "(/ �)�	 %(& ',  )" �",)'�.0 ��-)�I& )' ,+,)'�	 ",',&'  )" %(& %�F,
+ ��(#� '0!,� (. "��'#�$ )&,�  )" '( �,!�,�,)' .#)&'�()�  ' "�K,�,)' %,+,%� (.
�,�(%#'�() C��,�	 /#%'��,�(%#'�()D�M7N �(� ,1 /!%,	 2 +,%,' /#%'��,�(%#'�()
 ) %0��� ��  !!%�," '( '�, �(%#'�() (.  / -),'�& �)+,��, !�($%,/  )" #�," '(
($' �)  -((" ,�'�/ '�() (. '�, !,�/, $�%�'0 !�(I%,	M9N  )" '�, !�("#&'�() (.
$,�' �/ -, .#��()�M>N �#�'�,�/(�,	 $,�' 2 +,%,' $ �,�  �, #�," .(� '�,
&(/!�,���() (. / -),'�& �,�() )&, �/ -,�	MAN ",% 0  )" �(!!%,� ,�'�/ �
'�()	M5N  )" �/!%,/,)' '�() (.  '�/,�+ �0�)- / '&�," I%',�  )" �'�  !!%��
& '�() '( '�, �)+,��, �0)'�,'�&  !,�'#�, � " ��MBN �) ,)'�(!0�$ �,"  %-(��'�/
.(� $,�' 2 +,%,' $ ��� �,%,&'�() �� !�,�,)'," �)	M:N  )"  %',�) '�+,%0  /,'�("
'� ' �� $ �," () � ',�"��'(�'�() �,)�, �� ",+,%(!," �)M8N .(� '�, �,%,&'�() (.
$,�' 2 +,%,' ! &3,' $ �,��

�) '�,  !!%�& '�()� (. �!,&'�(�&(!0 .(� /()�'(��)- &�,/�& % !�(&,��,�
 )" & %�$� '�() (. &�,/�& % �0�',/�	  ) #)",��' )"�)- (. '�, + ��(#� &�,�
/�& % !�(&,�� /,&� )��/�  )" /, �#�,/,)' !�(&,"#�,� '� ' &()'��$#', '(
'�,  ) %0���  )" �/!%,/,)' '�() (. �#&� !�(&,��,�  )" �0�',/ !,�.(�/ )&,
�� �/!(�' )'� �&&(�"�)-%0	 �' '��'�& % /#%'�+ �� ',  !!�( &�,� � +, $,,)
",+,%(!," .(�  )" #'�%�F," �) �#&�  !!%�& '�()��M?�75N �) ! �'�&#% �	 /#%'��
+ �� ',  !!�( &�,�  �, #�," '(  &��,+, �,"#&'�()� �) �!,&'� % )(��, %,+,%�	M?N

",',&' �)�'�#/,)' + �� '�()�	M79N �",)'�.0 �(#�&,�  )" ) '#�,� (. �!,&'� %
"��'#�$ )&,�	M7>	7AN  )" ",',&' �,)�(� . #%'��M75N �#�'�,�/(�,	 '�,  "+ )' -,
�) #��)- /#%'�+ �� ',  !!�( &�,� �� �,,) 2�,)  !��)&�! % &(/!(),)'  ) �
%0��� C���D	 2��&� ��  �' '��'�& % /#%'�+ �� ',  !!�( &�	 �� #�," '( '�, '  %%
!�(&,�� + �� $%,� ��/#%' ),(#�%0� �) '��� & �, / )0 (. '�, %�/�' '�()� (.
&% ���& % �' '��'�& % !�(&,��,� �#&�  � '�, (),� !�,�,)'," �)M7BN  �, &���
&#/+,)',"�M76	77N ��� ��  ',&�)�J#, '� ' '� )�.(�/�  )#/$,� (. �,% ',"
+ �� $%,� '(  �,' (. #)&(��,% '," + �� $%,�� �' & ) $, #�,"  �  " ' 
�,"#&'�() ',&�)�J#,  )"  "� -)(�'�& '((% (�  &()'�(% ",+�&,�M79N �(�,(+,�	
��� �� !,�.(�/," �) '�, 2 +,%,'� "(/ �) '( �/!�(+, �!,&'� % ., '#�,�
&% ���I& '�()	M7:N  )" '( ",',&'  )" �",)'�.0 �!,&'� %  )(/ %�,� "#, '(
/ ',�� %  -�)-�M78N �' �� &()&%#"," �)M78N '� ' '�, �)',-� '�() (. 2 +,%,' !�(�
&,���)- 2�'� ',&�)�J#,� .�(/ /#%'�+ �� ', �' '��'�& % !�(&,�� &()'�(% !�(�
+�",�  #�,.#% /, )� (. %(& %�F�)-	 ",',&'�)-	  )" �",)'�.0�)- �!,&'� %
"��'#�$ )&,��

=&; ����/� �����$$���� ��/ /2
��

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



�) %0�,� (. �)',�.,�(-� /�  �, !,�.(�/," .(� / )0 �&�,)'�I& $,),I'��
�(� ,1 /!%,	 '�,�,  ) %0�,�  �, #�," '( ",',�/�), '�, (!'�& % &()�' )' (.  
'��) I%/	M7?N '( /, �#�, �#�. &, ",!'�  ' ) )(/,',� �& %,�	M96N '( �,'��,+, '�,
�,.� &'�+,��)",1 (. I$,��M97N  )" .(� '�, /, �#�,/,)' (.  '(/�& (�&�%% '(�
�'�,)-'��  )"  '(/�& ,),�-0 %,+,% !(!#% '�()��M99N ��,  ) %0��� (. '�,
�)',�.,�(-� /� �� !,�.(�/," #��)- �(#��,� '� )�.(�/	M96	99N ��,,)T� .#)&�
'�()	M9>N  ) ,��(� .#)&'�()	M9AN  !� �,��,�(%+," &(��,% '�() /,'�("M95N  )"  
2 +,%,' /,'�("�M9BN

�) &()*#)&'�() 2�'� '�, /,'�("� (. �",)'�.0�)- �!,&'� % "��'#�$ )&,�	  
',&�)�J#, �� !�(!(�," �) '���  �'�&%,� ���� ',&�)�J#, #'�%�F,� 2 +,%,' ! &3,'�
 )" ��� '( �",)'�.0 '�, !�,�,)&, (.  )(/ %�,� �) �)',�.,�(-� /��

��, �,&'�()� (. '���  �'�&%,  �, (�- )�F,"  � .(%%(2�; � �#// �0  $(#'
2 +,%,' ! &3,'� �� -�+,) �) �,&� 9� ��, !�(!(�," ',&�)�J#, �� (#'%�)," �)
�,&� >� �) �,&� A	  ) ,1!,��/,)' % ,1 /!%, �� -�+,) '( �%%#�'� ', '�, !,�.(��
/ )&, (. '�, !�(!(�," ',&�)�J#,�

����#�� ���1���

� +,%,' ! &3,'�  �,  -,),� %�F," . /�%0 (. /#%'��,�(%#'�() (�'�(-(�
) % (� $�(�'�(-() % $ ��� '� ' �)&%#", 2 +,%,'�� ��, 2 +,%,' ! &3,' /,'�("
��  -,),� %�F '�() (. 2 +,%,' ",&(/!(��'�() '� ' (K,��  ��&�,� � )-, (.
!(���$�%�'�,� .(� ��-) %  ) %0���� �) 2 +,%,'  ) %0���	  ��-) % �� �!%�' �)'(  )
 !!�(1�/ '�()  )"  ",' �%� ��,  !!�(1�/ '�() �� '�,) �'�,%. �!%�' �)'(  
�,&()"�%,+,%  !!�(1�/ '�()  )" ",' �%	  )" '�, !�(&,�� �� �,!, ',"� �(�  )
��%,+,% ",&(/!(��'�()	 '�,�,  �, ��7 !(���$%, 2 0� '( ",&(/!(�,  ��-) %�
�) 2 +,%,' ! &3,'  ) %0���	 '�, ",' �%�  � 2,%%  � '�,  !!�(1�/ '�()� & ) $,
�!%�'� ���� 0�,%"� /(�, '� ) 99

��7

"�K,�,)' 2 0� (. ",&(/!(��'�()  )"	  �  
�,�#%'	  2 +,%,' ! &3,' ",&(/!(��'�() '�,, �� ",+,%(!,"�MAN �,+,� % &(�'
.#)&'�()�  �, #�,.#% .(� '�, ",+,%(!/,)' (. '�, $,�' ",&(/!(��'�() '�,, .(�  
-�+,) ��-) %	  )" (), (. '�, /(�'  ''� &'�+, �� �� ))() ,)'�(!0�M:N �%%
. /�%�,� (. 2 +,%,'�  �,  !!%�& $%, �) '�, ',&�)�J#, '� ' �� !�(!(�," �) '���
 �'�&%,	 ,1 /!%,� (. �#&� . /�%�,�  �,	MAN;

� � #$,&��,� 2 +,%,'� 2�'� . /�%0 /,/$,��; 
07�
076
� �0/%,'� 2 +,%,'� 2�'� . /�%0 /,/$,��; �+�9��+�8
� �(�Q,'� 2 +,%,'� 2�'� . /�%0 /,/$,��; 	��* 7�	��* 5
� � "��&�,',  !!�(1�/ '�() (. �,0,� 2 +,%,'�
� �  � 2 +,%,'�

�(�,(+,�	 #��)- �� ))() ,)'�(!0	  )  %-(��'�/ .(� ",+,%(!�)- '�,
$,�' ",&(/!(��'�() '�,, .(�  ��-) % C�D �� #'�%�F," $0 '�, ',&�)�J#, '� ' ��
!�,�,)'," �) '���  �'�&%,� ����  %-(��'�/ ��  � .(%%(2�;M:N

��A�$�� ������� �����"D2� =&<

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



C D ��((�, �  � '�, / 1�/#/ )#/$,� (. %,+,%� (. ",&(/!(��'�()�
C$D ���%, '�, %,+,% (. ",&(/!(��'�() �� %,�� '� ) �	 "( '�, .(%%(2�)-;

� �,' '�, 6'� ��-) %  ' '�, �'� %,+,% $, ��� 6	 & %&#% ', �� ))()
,)'�(!0 (. '��� ��-) %	 �	��� 6
� � � ��

� �,&(/!(�,��� 6 �)'( '2( ��-) %�	���7�C  )"���7�2	  )" &(/!#',
'�,�� &(��,�!()"�)- �� ))() ,)'�(!0	 �	���7�C
  )" �	���7�2
�
� � 7 � ��

� �. �	��� 6
 � �	���7�C
 � �	���7�2
 '�,) �,' �) ���7�C  )" ���7�2	
&()'�)#, ",&(/!(��)-� �'�,�2��, �,' �) ��� 6  )" �'(!�

�) ,1 /!%, (.  $,�' ",&(/!(��'�() '�,, .(� � �� ��(2) �) ��-� 7� ��,
$� )&��)- (� )()�$� )&��)- (. ,+,�0 ��-) % �) '��� '�,, �� "�&' '," $0
�� ))() ,)'�(!0� �(/!#' '�() (. �� ))() ,)'�(!0 � � !,�/�''," '�,
$� )&��)- (. '�, ��-) % �7�7 '( �9�7  )" �9�9	 �(2,+,�	 �' "�" )(' !,�/�' '�,
$� )&��)- (. '�, ��-) % �9�7�

"����*��
 ��(� ���#%��� ���.��E��

�(� '�, !#�!(�, (. !�,�,)'�)- '�, !�(!(�," ',&�)�J#, 2, &()��",�	 �	
 �,' (. ���� �)',�.,�(-� /� (.  -�+,) !#�, / ',�� %� �)  ""�'�()	 2,

������ �� �1 /!%, (. $,�' ",&(/!(��'�() '�,, .(�  ��-) % ��

=8' ����/� �����$$���� ��/ /2
��

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



 ��#/, '� ' '�,�, �)',�.,�(-� /�  �, 2�'� )(  )(/ %�,�  )" '�,0  �, -,)�
,� '," �)",!,)",)'%0 M/(",% �)',�.,�(-� /�M78NN� ���� �,' �� �,!�,�,)',"  �;

� � ��7� �9� � � � � ��� 	7


2�,�, '�, '(' % )#/$,� (. '�, /,/$,�� �) '��� �,' �� UU�TT  )" �� �,!�,�,)'�
'�, �'� �)',�.,�(-� / �) '��� �,'� �)  ""�'�()	 2, &()��",� '�, �,' "  �;

" � ���� 	9


2�,�, �� �� '�, ()%0 /,/$,� �) '��� �,'� �� ��  ���� �)',�.,�(-� / �,!�,�
�,)'�)- '�, � /, / ',�� %	 �(2,+,�	 ',�'," .(� /�)#',  )(/ %�,� "#, '(
&()' /�) '�()� M',�'," �)',�.,�(-� /M78NN� �&&(�"�)-%0	 '�, !�(!(�," ',&��
)�J#, .(� '�,  ) %0��� (. �)',�.,�(-� /� �� (#'%�),"  � .(%%(2�;

8�6

�)0 (), (. '�, . /�%�,� (. 2 +,%,'� %��'," �) �,&� 9	  %()- 2�'� '�,
�� ))() ,)'�(!0  %-(��'�/ (#'%�)," �) '�, � /, �,&'�()	 �� #�," '( -,),� ',
'�, &(��,�!()"�)- $,�' ",&(/!(��'�() '�,,� .(� '�, /,/$,�� (. '�, �,'� �
 )" "� ��'�(#' %(�� (. -,),� %�'0	 %,' �(�Q,'� 2 +,%,' C	��* 7�	��* 5D $, '�,
. /�%0 '� ' �� #'�%�F,"� ��, I��' . /�%0 /,/$,�	 	��* 7	 ��  !!%�," I��' '(
��� ����� ��  )" ��� ��, �,�#%'�)- $,�' ",&(/!(��'�() '�,,�  )" '�,�� &(��
�,�!()"�)- ��-) %�  �, %��'," �0/$(%�& %%0 �) � $%, 7� �) '��� ' $%,	 '�,
�#$�&��!'� �) '�, �0/$(%� (. '�, $,�' ",&(/!(��'�() '�,,� CI��' &(%#/)D
�)"�& ', &(��,�!()",)&, '( �)',�.,�(-� /� () 2��&� '�, ",&(/!(��'�()�
2,�, !,�.(�/,"� ��, �#!,��&��!'� �) '�, �0/$(%� (. '�, ",&(/!(�," ��-) %�


��
� �� �0/$(%�& ���'�)- (. 
,�' �,&(/!(��'�() ��,,�  )" ��,�� �(��,�!()"�)-


� )&��)- � &3,' ��-) %�


,�' �,&(/!(��'�() ��,, 
� )&��)- 6'� ��-) %�  ' '�, �'� �,&(/!(��'�() �,+,%

	��* 7")1�7 	��* 7��7
�7� 67� �7 � 7� 9� >� � � � � 67 � 7� 9� >� � � �

	��* 7")1�9 	��* 7��9
�9� 69� �9 � 7� 9� >� � � � � 69 � 7� 9� >� � � �

	��* 7")1�> 	��* 7��>
�>� 6>� �> � 7� 9� >� � � � � 6> � 7� 9� >� � � �

��
� ��

�

	��* 7")1�� 	��* 7���
�&� 6&� �& � 7� 9� >� � � � � 6& � 7� 9� >� � � �

	��* 7")1�� 	��* 7���
��� 6�� �� � 7� 9� >� � � � � 6� � 7� 9� >� � � �

��A�$�� ������� �����"D2� =86

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



C�,&()" &(%#/)D �)"�& ', &(��,�!()",)&, (. '�,�, ��-) %� '( �)',�.,�(-� /�
() 2��&� '�, ",&(/!(��'�()� 2,�, !,�.(�/,"� ��, I��' �#$�&��!'� �) '�,
�0/$(%� (. '�, ",&(/!(�," ��-) %�  �, ",&(/!(��'�() %,+,%�  )" '�, �,&()"
�#$�&��!'�  �, )#/,� '�()� (. '�, ",&(/!(�," ��-) %��

8�&

���#/�)- '� ' '�, I��' ��-) %� (. '�, 7�' �(2  )" '�, % �' �(2 (.
� $%, 7	 ��,�	 	��*7��7

7�7  )" 	��*7���
7�7	 ,1��' "#, '( �� ))() ,)'�(!0	 '�,0  �,

&(/! �," .(� $� )&��)- (� )()�$� )&��)-� �. '�,0 $,� +, ��/�% �%0 '�,)
'�,0  �, �-)(�," ('�,�2��, '�,0  �, �,' �),"  �  /��/ '&�," ! ��� ����
!�(&,"#�, �� �,!, '," .(�  %% '�, ��-) %�	 2��&� ,1��' "#, '( �� ))()
,)'�(!0	 .�(/ '�, 7�' �(2  )" '�,�� &(��,�!()"�)- ��-) %� 2�'� � /, �#$�
�&��!'� .�(/ '�, % �' �(2 (. � $%, 7  )"  %% /��/ '&�," ! ���  �, �,' �),"�
��,�, /��/ '&�," ! ���  �, #�," '( .(�/#% ',  UU/��/ '&�,"TT �,'	 .7���
���� �,' �� -�+,) �0/$(%�& %%0  �;

.7�� � ���77���79���7>� � � � ���7.7�� 	>


2�,�, ��72 �� '�, 2'� /,/$,� (. '�, �,'  )" .7� �� '�, '(' % )#/$,� (. '�,
/��/ '&�," ! ���� ��,�, /��/ '&�,� �,!�,�,)' "����/�% ��'�,� $,'2,,) '�,
/(",%  )" ',�'," �)',�.,�(-� /�  )" '�,�, "����/�% ��'�,�  �, / )�.,�'," �)
'�, 2 +,%,' "(/ �) '��(#-� '�, /#%'��,�(%#'�()  )" %(& %�F '�() !�(!,�'�,�
(. '�, 2 +,%,' ! &3,'�� ��, � /, !�(&,"#�, �� �,!, '," .(� '�, 9)"	 >�"	 A'�	
� � �	  )" '�, �'� �(2 (. � $%, 7 2�,�, .(� ,+,�0 �(2 '�, &(��,�!()"�)-
/��/ '&�," �,' �� .(�/#% ',"� ��,�, �,'�  �, �,!�,�,)'," �0/$(%�& %%0  �;

.9�� � ���97���99���9>� � � � ���9.9���

.>�� � ���>7���>9���>>� � � � ���>.>���
��
�

.��� � ����7����9����>� � � � ����.����

� &� ,%,/,)' �) �,'� .7���.9�����.��� ��  ! �� (. /��/ '&�," ��-�
) %�� ��, �)"�&,� (. '�, ��-) %� (. , &� ! ��  �, '�, � /,  )" '�,0 &(��,��
!()" '( '�, 6'� ��-) %  ' '�, �'� '�,, %,+,%� ��, I��' ��-) % (. '��� ! ��
&(��,�!()"� '(  /(",% �)',�.,�(-� /  )" '�, �,&()" &(��,�!()"� '( '�,
',�'," �)',�.,�(-� /� �,1'	 ()%0 ,%,/,)'� 2�'� '�, � /, �)"�&,� '� '  !!, �
�)  %% '�, �,'� .7���.9��� � � � �.���  �, �,' �),"  )" -�(#!,"� � �0/�
$(%�& !�,�,)' '�() (. '�, C��6D -�(#! ��;

=8& ����/� �����$$���� ��/ /2
��

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



4�� 6 �
�
	��*7��7

�� 6� 	��*7���
�� 6
�

�
	��*7��9

�� 6� 	��*7���
�� 6

�
� � � � ��

	��*7���
�� 6 � 	��*7���

�� 6

�
�
�

�
� 	A


�,1'	 '�, I��' ��-) %� .�(/ , &� ! �� (. ��-) %� �) '�, -�(#! 4�� 6  �, #�," '(
.(�/  �,' '� ' &(��,�!()"� '( '�, /(",% �)',�.,�(-� /�	 �0/$(%�& %%0 '���
�,' �� !�,�,)',"  �;

���7�� 6 �
�

	��*7��7
�� 6� 	��*7��9

�� 6� � � � � 	��*7���
�� 6

� 	5


 )" '�,  ��'�/,'�& /, ) (.  %% '�, �,&()" ��-) %� (. '�, ! �� (. ��-) %� �) '�,
-�(#! 4�� 6 �� &(/!#',"  )" #�," '( .(�/  (), ,%,/,)' �,' '� ' &(��,�!()"�
'( '�, ',�'," �)',�.,�(-� /	 �0/$(%�& %%0 '��� �,' �� !�,�,)',"  �;

���9�� 6 �
�

��	��*7���
�� 6

� 	B


8�8

��, ,%,/,)'� (. '�, �,' ���7�� 6  �, #�," '( ",+,%(!  ��� /(",%	
���	��*7�7

�� 6�
M79N ���� !�(&,"#�, �� �,!, '," .(� , &� ",+,%(!," -�(#!� ��  

�,�#%'	  . /�%0 (. ��� /(",%� �� ",+,%(!," 2��&� $,%()-� '( 	��* 7� ����
. /�%0 �� ) /," �0/$(%�& %%0  � ���	��* 7��� ��, )#/$,� (. '�, /,/$,��
(. '��� . /�%0 �� ,J# % '( '�, )#/$,� (. '�, ,%,/,)'� '� ' � +, '�, � /,
�)"�&,�  )"  !!, � �)  %% '�, �,'� .7���.9�����.���� � &� /,/$,�
.�(/ '�, . /�%0 ���	��* 7�� �� #�," '( ',�' .(� '�, ,1��',)&, (.  %(& %�F,"
 )(/ %0 �) '�, ',�'," �)',�.,�(-� /�

8�:

�).(�/ '�() .�(/ ��� /(",% ���	��* 7�7
�� 6	 2��&� ��  /,/$,� (. '�,

���	��*7�� . /�%0	 �� #�," '( ',�' .(� ,1��',)&, (.  )(/ %�,� �) '�, 6'� ��-) %
 ' '�, �'� %,+,% (. '�, $,�' ",&(/!(��'�() '�,, (. '�, ',�'," �)',�.,�(-� /�
���� �� !,�.(�/,"  � .(%%(2�;

>�A�7

��, O�%�/�' (. '�, ��� /(",% ���	��*7�7
�� 6 �� & %&#% '," #��)- '�,

.(%%(2�)- ,J# '�()�;M79	78N

��A�$�� ������� �����"D2� =88

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



�7 �
	


C���7

�C 	:


�9 �
	


C���7

�9C 	8


�> �
	


C���7

�>C 	?


�6 � 7� 9�7�>
>�99

	76


F � �7
	�6









9�9



�7

� �9�6	�6 � 7

�97

� 7

� �7��6

	77


2�,�, F �� '�, O�%�/�'	 	 ��  )  !!�(1�/ ',%0 )(�/ %%0 "��'��$#'," .#)&'�()
2�'� F,�( /, )  )" #)�' + �� )&,  )" �C �� '�, C'� ,�-,)+ %#, (. '�, 
 � 

&(+ �� )&, / '��1 (. ���	��*7��

�� 6 .(� 2��&� '��� %�/�' �� & %&#% ',"�M79N �) '�,
!�(&,�� (. !��)&�! % &(/!(),)'  ) %0��� '������  �,  ���-)," '( '�, ,�-,)�
+ %#,� (. '�, &(+ �� )&, / '��1�M79N ��,�, 2,�-�'�  �, #�," '( "��& �" � (#' (.

 ,�-,)+ %#,�	M79N�

>�A�9

��, !��)&�! % &(/!(),)'� (. ���	��*7�7
�� 6  �, #�," '( &(/!#', �'�

O�� %#,��M79N

>�A�>

� %#,� (. '�, �)"�&,� (. ���	��*7�7
�� 6  �, #�," '( �,%,&' '�, &(��,�

�!()"�)- ��-) % .�(/ �,' ���9�� 6 -�+,) �) ,J# '�() MBN� ���� ��-) % �� &(/$�),"
2�'� ���	��*7�7

�� 6 '( .(�/  /("�I," +,���() (. ���	��*7�7
6��  )" % $,%,"

����	��* 7�7
�� 6�

M79N ��, !��)&�! % &(/!(),)'� (. ����	��*7�7
�� 6  �, #�," '(

&(/!#', �'� O�� %#,��M79	78N

=8: ����/� �����$$���� ��/ /2
��

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



>�A�A

O�+ %#,� '� ' 2,�, -,),� '," �) �',!� >�A�9  )" >�A�>  �, &(/! �,"
2�'� '�, O�%�/�' '� ' 2 � -,),� '," �) �',! >�A�7� O�+ %#,� '� ' ,1&,," '���
O�%�/�'  �, �)"�& '�()� (. ,1��',)&, (. %(& %�F,"  )(/ %�,� �) '�, ',�',"
�)',�.,�(-� /�M79N

>�A�5

�',!� >�A�7	 >�A�9	 >�A�>	  )" >�A�A  �, �,!, '," .(�  %% . /�%0 /,/$,��
(. '�, ��� /(",% ���	��*7��  )" '�,�� &(��,�!()"�)- ',�'," �)',�.,�(-� /
%(& %�F,"  )(/ %�,�  �, �",)'�I,"�

8�=

�',!� >�9  )" >�>  �, �,!, ',"  )" '�, ��� /(",%� ���	��*9��	
���	��*>��	 ���	��*A��  )" ���	��*5��  �, -,),� ',"�

8�>

�',! >�A �� �,!, '," .(�  %% ��� /(",%� -,),� '," �) �',! >�5� ��  
�,�#%'  %% %(& %�F,"  )(/ %�,� .(� '�, ',�'," �)',�.,�(-� /  �, ",',&',"�

��)���(����# ���()#�

� ��&(%,' :56 �(#��,� �� )�.(�/ �).� �," �!,&'�(/,',� 2 � #�," '(
-,),� ', 96 �)',�.,�(-� /� (. !#�,  &,'(),� ��,�, �)',�.,�(-� /� 2,�,
% $,%," �7� �9� � � � � �96� ��+, �#)"�," ! �'� !,� /�%%�() (. "�,�,% .#,% 2 �
 ""," '( '��� !#�,  &,'(),	  )" '�, � /, �!,&'�(/,',� 2 � #�," #)",� '�,
� /, &()"�'�()� '( -,),� ',  ) �)',�.,�(-� / (. '�, &()' /�) ',"  &,'(),�
���� �)',�.,�(-� / 2 � % $,%," ��� ��, �)',�.,�(-� /� �7  )" ��  �, ��(2) �)
��-�� 9  )" >	 �,�!,&'�+,%0� ��, !�(!(�," ',&�)�J#, 2 �  !!%�,"  )" $,�'
",&(/!(�'�() '�,,� 2,�, -,),� '," #��)- '�, ���G��� 2 +,%,' . /�%0� �(�
�%%#�'� '�()	 '�, $,�' ",&(/!(��'�() '�,, (. �7 "#, '( #��)- ���*7	
	��*7")1�7	 �� ��(2) �) ��-� A  )" '� ' (. ��	 	��*7")1��	 �� ��(2) �) ��- 5�
�' �� )('," .�(/ '�,�, '2( I-#�,� '� ' '�, ()%0 /��/ '&�," ! �� (. ��-) %�
�� 		��*7��7

7�7� 	��*7���
7�7
� ���)- ���*9	 ���*>	 ���*A	  )" ���*5	 '�, &(��,��

!()"�)- $,�' '�,,� 2,�, -,),� ',"� ��,�, '�,,�  )" '�,�� &(��,�!()"�)-

��A�$�� ������� �����"D2� =8=

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



/��/ '&�," ! ��� (. ��-) %�  �, %��'," �0/$(%�& %%0 �) � $%, 9� � $%,� ��/�% �
'( � $%, 9 2,�, -,),� '," .(� �9 '��(#-� �96  %()- 2�'� ��� �) '�, & �, (. '�,
I��' 2 +,%,' ! &3,' . /�%0 /,/$,�	 	��*7	 '�, ��-) %� 	��*7��7

7�7 '��(#-�
	��*7��96

7�7 2,�, #�," '( ",+,%(! '�, &(��,�!()"�)- ��� /(",%	 ���	��*7�7
7�7

 )" ,J# '�()� M:N '��(#-� M77N 2,�, #�," '( & %&#% ', �'� O���/�'�M79N �'�

������ 	� �)',�.,�(-� / (.  &,'(), 2�'� )(  )(/ %�,��

������ �� �)',�.,�(-� / (.  &,'(), 2�'�  )(/ %�,��

=8> ����/� �����$$���� ��/ /2
��

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



!��)&�! % &(/!(),)'� 2,�, #�," '( & %&#% ', �'� O�� %#,��M79N �,1'	 '�,
 ��'�/,'�& /, ) (. '�, �,&()" ��-) %� .�(/ '��� /��/ '&�," ! ��	
��	��*7���

7�7	 2 � &(/$�)," 2�'� '��� ��� /(",%  )" ����	��*7�7�7 2 �
",+,%(!,"� �'� !��)&�! % &(/!(),)'� 2,�, &(/!#',"  )" #�," '( -,),� ', �'�

������ �� 
,�' '�,, (. �7 C	��* 7")1�7D�

������ �� 
,�' '�,, (. �� C	��* 7")1��D�


��
� 	� ���/ '&�," � ��� (. ��-) %� .�(/ 
,�' �,&(/!(�'�() ��,,� (. �7  )" �� (.
'�, �1!,��/,)' % �1 /!%,


,�' �,&(/!(��'�() ��,,� ���/ '&�," � ��� (. ��-) %�

	��*9")1�7� 	��*9")1�� 		��* 9��7
7�7� 	��* 9���

7�7


	��*>")1�7� 	��*>")1�� 		��* >��7
7�7� 	��* >���

7�7
	 		��* >��7
9�A� 	��* >���

9�A
	
		��* >��7

>�B� 	��* >���
>�B
	 		��* >��7

A�:� 	��* >���
A�:


		��* >��7
A�8� 	��* >���

A�8


	��*A")1�7� 	��*A")1�� 		��*A��7
7�7� 	��*A���

7�7
	 		��*A��7
9�A� 	��*A���

9�A


	��*5")1�7� 	��*5")1�� 		��*5��7
7�7� 	��*5���

7�7
	 		��*5��7
>�B� 	��*5���

>�B

		��*5��7

>�8� 	��*5���
>�8


��A�$�� ������� �����"D2� =8?

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



O�� %#,��M79N ��, O�%�/�'  )" $('� O�� %#,�  �, ��(2) �) ��-� B 2�,�, '�,
",',&'�() (.  %(& %�F,"  )(/ %0 �� �)"�& ',"� ���� !�(&,"#�, 2 � �,!, ',"
.(� ,+,�0 /��/ '&�," ��-) % !�,�,)'," �) � $%, 9  )" !%('� ��/�% � '( '�, (),
!�,�,)'," �) ��-� B 2,�, !�("#&," .(�  %% %(& %�F,"  )(/ %�,��

����$2�"��

���(#-�  ) ,1!,��/,)' % ,1 /!%, �' �� ",/()�'� '," '� '  ',&�)�J#,
!�(!(�," �) '���  �'�&%, '� ' &(/$�),� '�,  !!%�& '�()� (. 2 +,%,' ! &3,'�
 )" !��)&�! % &(/!(),)'  ) %0��� !�(+�",�  #�,.#% /, )� .(� '�, ",',&'�()
(.  )(/ %�,� �) �)',�.,�(-� /�� ���� ',&�)�J#, / 3,� #�, (. '�, %(& %�F '�()
!�(!,�'0 (. 2 +,%,' ! &3,'�  )" �� ))() ,)'�(!0 &��',��() 2�,�,
��-) % /#%'��,�(%#'�() ",&(/!(��'�() �� #�," '( �,!�,�,)' '�,�, �)',��
.,�(-� /�� ���� ',&�)�J#, ��  !!%�& $%, '( �!,&'�(�&(!0 ',�'�)-  )"
/, �#�,/,)'��

������ �� O���/�'  )" O�� %#,� &(��,�!()"�)- '( ���	��* 7��
7�7 ��� /(",%�

=8; ����/� �����$$���� ��/ /2
��

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



������$�/7�����

��, ',�'� ",�&��$,"  )" '�, �,�#%'�)- " ' !�,�,)'," �,�,�)	 #)%,��
('�,�2��, )(',"	 2,�, !,�.(�/," #)",� &()'� &' ����A9�66���66A8 .�(/
'�, �,! �'/,)' (. �,.,)�,	 �)-�),,��)- �,�, �&�  )" �,+,%(!/,)' �,)�
',�	 ����	 ��&3�$#�-	 ��������!!�	 ���� ��,  #'�(�� 2(#%" %�3, '( ,1',)"
'�,�� ��)&,�, '� )3� '( ���� � /,% ��)),$�,2	 ���,.	 �#�+�+ $�%�'0 �)-��
),,��)- 
� )&�	 .(� / 3�)- '�, � "� '�() � $(� '(�0  ' '�, &,)',�  + �%�
 $%, 2�,�,  %% ,1!,��/,)'� 2,�, &()"#&',"� �,�/����() 2 � -� )'," $0 '�,
���,. (. �)-�),,�� '( !#$%��� '��� �).(�/ '�()�


���
�����

7� � ��,�	 �� � ;����
�+ 4��
� �� ��������@ �!��)-,� �,�% - �#$%����)-
�(/! )0; 7??A@ B6�7:A�

9� ��(	 
����@ � �3	 ���
�@ �,,	 �����@ 
#)-	 �����@ � �)	 �����@ �(�	 ���
�� �#%'��,�(%#'�() �) %0��� .(� �,�/, $�%�'0 �,&()�'�#&'�() ���)-
� +,%,'� ���� �� )� &'�()� () � -),'�&� 6<<<	 �� C5D	 >:5:�>:5?�

>� �#),F	 
�@ �' F#	 4�@ �(��	 ��@ �� ",�	 ��@ � % 	 ��@ ��$�(%	 �� �#%�
'��,�(%#'�()�
 �," �/ -, �#��() 2�'� �""�'�+, � +,%,' �,&(/!(��
'�()� ���� �� )� &'�()� () �,(�&�,)&,  )" �,/(', �,)��)- 6<<<	 �$
C>D	 796A�7977�

A� �$#��,FJ	 ����@ �(%$ 	 ����@ ��#2 * 	 ����@ �(" 	 ���� 
,�'
� � /,',�� �,%,&'�() .(� � +,%,' � &3,'�
 �," �(/! ���() (. � -�
),'�& �,�() )&, �/ -,�� �(/!#',��  )" 
�(/,"�& % �,�, �&� 6<<<	
�� C5D	 AA?�AB?�

5� �(	 ����@ �� )	 ���� �!'�/#/ ���&�,', � +,%,' �& %�)-  )" �'�
�!!%�& '�() '( �,% 0  )" �(!!%,� ��'�/ '�()� ���� �� )� &'�()� ()
��-) % ��(&,���)- 6<<;	 �% C?D	 9985�99?6�

B� ��,)	 ���� � " � �/$�-#�'0 �#)&'�()	 ��/,�� �0�)- � '&�," ��%',�	
 )" �!'�/#/ � +,%,' �(��,% '(�� �!'�& % �)-�),,��)- 6<<:	 �� C:D	
9979�997:�

:� �(�./ )	 ����@ ��&3,�� #�,�	 ���� �)'�(!0�
 �," �%-(��'�/� .(�

,�' 
 ��� �,%,&'�()� ���� �� )� &'�()� () �).(�/ '�() ��,(�0 6<<&	
�/ C9D	 :7>�:78�

8� � /&� )"� )	 ��@ �,'',�%�	 �� 
,�' � +,%,' � &3,' 
 �,� �)  � ',�
���'(�'�() �,)�,� ���� �� )� &'�()� () �/ -, ��(&,���)- 6<<8	 � C9D	
7B6�7:5�

?� ���,	
���@��&3,�	����@ �,%'3 /!	��
�@�(2 %�3�	 
������,(�,'�& %

 ��� .(� '�, ��, (. ���)&�! % �(/!(),)' �(",%� .(� �()�'(��)-
�#%'�+ �� ', ��(&,��,�� ��(&,�� �()'�(%  )" O# %�'0 6<<'	 � C7D	 A7�5>�

��A�$�� ������� �����"D2� =8<

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



76� �(#�'�	 ��@ � &��,-(�	 
��� ��(&,�� �) %0���	 �()�'(��)-  )"
�� -)(���	 ���)- �#%'�+ �� ', ��(*,&'�() �,'�("�� ��,/(/� �)',%%�
� $� �0�'� 6<<=	 �/ C7D	 >�97�

77� ���,	 
���@ � %% -�,�	 ��
� ��, ��(&,�� ��,/(/,'��&� �!!�( &� '(
��(&,�� �()�'(��)-  )" � #%' �,',&'�()� 
� ��(&,�� �()'�(% 6<<>	 %
CBD	 >9?�>A8�

79� 
 &3�() 
��� � -���A� 4��
� �� ����	�
�� ���
������@ 
(�) ��%,0 H
�()�	 �)&�; �,2 �(�3	 7??7@ A�799�

7>� �,%'3 /!	 ��
� �#%'�+ �� ', �()�'(��)-  )" �(",%%�)- (. ��,/�& %
��(&,��,� ���)- ��,/(/,'��&�� ��(&,�� �()'�(%  )" O# %�'0 6<<8	 �
C9�>D	 965�978�

7A� �,).#	 ��@ �'�(�,�	 ����@ �,(�- 3��	 �� ���'#�$ )&, �,',&'�()  )"
��(% '�() $0 �0) /�& ���)&�! % �(/!(),)' �) %0���� ��,/(/� �)',%%�
� $� �0�'� 6<<=	 �� C7D	 7:?�7?B�

75� �#)� 	 ��@ O�)	 ��
�@ �"- �	 ����@ �&�+(0	 ��
� ��, (. ���)&�! %
�(/!(),)' �) %0��� .(� �,)�(� � #%' �",)'�I& '�()� �(/!#'� ��,/�
�)-� 6<<>	 �� C�#!!%� �D	 �:7>��:78�

7B� �()'-(/,�0 ���� �����
�	���� �� ��������	�� F�����+ �������@ 
(�)
��%,0 H �()�	 �)&�; �,2 �(�3	 7??B@ 7�766�

7:� �(� )(+�&�	 ��@ ��(+(�(	 �� ��� (. � +,%,' �� )�.(�/," ��(&,��
� ' .(� �()�'(��)-� �)',%%� � ' �) %� 6<<?	 �	 C�''!;��222�, �'�
,%�,+�,��&(/��" D�

78� �'(�3	 ����@ �,%'3 /!	 ��
�@ �(2 %�3�	 
��� �,',&'�)-  )" �",)'�.0�)-
�!,&'� % �)(/ %�,� ���)- � +,%,' ��(&,���)-� �!!%�," �!,&'�(�&(!0
6<<;	 �� C76D	 7>A8�7>59�

7?� �� �� )	 ����@ �%�� -- �	 ����@ �� "" "	 �� � �,2 �,'�(" (.
�,',�/�)�)- '�, �!'�& % �()�' )' (.  ���) ��%/ .�(/ �'� �,Q,&' )&,
 )" �� )�/�'' )&, �)',�.,�(-� /� �)  ��", �!,&'� % � )-,;
6�9�> �/� �!'�&� �(//#)& '�()� &'''	 �$/ C7D	 79>�7>9�

96� � �'	 ��@ � ��	 ����@ 
,-$�,	 ���� � �' �#�. &, ��(I%�)- $0 �!,&'� %
�) %0��� (. ���',���-�' �)',�.,�(-� /� 2�'� �(#��,� �� )�.(�/
�!,&'�(�&(!0� �!!%�," �!'�&� 6<<;	 �$ C76D	 7:BA�7:B?�

97� �,�� ��	 
���@ ���)�	 ��@ �()"()�	 ��@ �()' %"(	 �� �,'��,+ % �%-(�
��'�/ .(� �,.� &'�+,��)",1 ��(I%, (. ��$,�� .�(/ �� )�+,��, �)',��
.,�(-� /�� �!'�&� �(//#)�& '�()� 6<<=	 ��$ C7D	 95�>6�

99� ��/	 ��
�@ 
 /,�	 
��� �2(���/,)��() % �(#��,���� )�.(�/ �,&��
)�J#,� .(� '�, �) %0��� (. �((3 �)',�.,�(-� /�� �!!%�," �!'�&� 6<<?	
�% CBD	 7>59�7>5B�

9>� �0#$(��,)3(	 �� �)2� !!�)- ���&#% � �)',�.,�(-� /�� �!!%�," �!'�&�
&'''	 �D C9BD	 A87:�A895�

=:' ����/� �����$$���� ��/ /2
��

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



9A� � ,F	 ��@ �'�(*)�3	 �� �()+,�-,)'	 �,&#���+, �� �, �,&()�'�#&'�()
.�(/ �(��0	 �("#% '," �)',)��'0 � '',�)� $0 #�, (. �0)'�,'�& �)',��
.,�(-� /�� �!'�&� �,'',�� 6<<;	 �� CBD	 A6B�A68�

95� � �#)(	 ��@ � 3 / 	 ��@ �#'(�	 ��@ � ' - �	 ��@ �(��	 �� �� �,�
�,�(%+," �(��,% '�()  )" �'� �!!%�& '�() '( �) %0��� (. �(2��(�
�,�,)&, �)',�.,�(-� /�� �!'�&� �,'',�� &''6	 �% C9D	 ?6�?9�

9B� �,&3) -,%	 ��
�@ �(')�	 �� �) %0��� (. ���', �)',�.,�(-� /� ���)-
� +,%,' �,'�("�� �!'�&� �(//#)�& '�()� 6<<;	 ��/ C7D	 799�798�

�,&,�+," 
#%0 9	 9667
�&&,!'," � �&� 75	 9669

��A�$�� ������� �����"D2� =:6

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


