
D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

T
ue

sd
ay

, J
an

ua
ry

 1
7,

 2
01

2

����� �� �� �	
���� 

 ������ �

� ��������
 �
� ����
�� ���  
!� ���
"! � ����
Kalman#Ziarani$�%& ��

���������	 '  ��() �*�+� ,�-. �
�/��	 �/�����) �%*/��	 ' ��
��01��
$� #0#0231

������ ��	
�

�� 
� ��	���� 	� ������ ��	� ���������  	� !�"�	�� �#� $	�
 �"�	
� � ��%��

&�%Kalman'Ziarani�(�)* �

 �+� 	,��-. ��/�01����+2  
	#+�&��%�� ��/�31 )4	* 5��6

������� �	
�� 
��� ������� �	
�� ������ � ����� ��� !����"������� #
$������� �	
�� 
��� ������� �	
�� ������ � ����� ��� !���������� #
%������ �	
�� 
��� ������� �	
�� ������ �
!� ����
!�& '�(��������� #

�)�78
9)� � ����
:�����
 )�*� �+��,!��, ��&��& -�./ 0+ #��"1�� �����
 ���,2 
�(�� '��+ '!�	34 0+ !��5 0& '����� !�6"
�� !��5 )�� 0+ 7�� �� �

!��8*9 ���,:!��� ;,��2��+, '�4��<�� )�34� ,� #)�� !��!�/�+ '�.=�1��"� )>? #�@�A 7�A !�'�40"B�����+)+�?�����
,� �C	�;�! 6��C"�+�C4

:!�� 0+ �����
 ���,2 )�D��"	(+2����"�� #;�! 6�� !� ���,2 ��E�9 ���, �F� )�����F�+�2)�� ���3� ���G� �!.6��=�C1��"�0C+ )C>? ��C�, !�

�� ���F2 ���� �F��1�2��"	F� 7����� �+ :�
��
 ����"�� �>���� 7����� ;,���� ;�! ,� ���+ #���2 H��B"�� )�D 6���+��+ #���
.��!�+ 0IF�J� 6�� ,� K�4

=�1��"� )>? ���, 01��L� �'�4����"�� �+ �����
 )+�? 0"B�����+;�! 0� ,�Kalman#Ziarani��+ �3��5 �.

��%�� &�%:=�1��"� H��B"�� )�D �L�>JM ;�! �� ,� N4�<� 6�� !� #7����� 6�� :�.B�� 0+ 0D�M �+�C
 0C"�� !�C	+ �����
 )+�? 0"B�����+ '�4.

�J/��O �L�>JM ;�! #7�� ;�!Ziarani0"���P�LM!� �"��� 
�� ;�! � ��!�	34 �Kalman��+.�C+ �C��2 0C1��L� � ��
 ������� ;�! �� �+��,!� )�D

�
 ����"�� #�"�!�M ������� 63M�! :�L�LGM �&�� !� ��
 )>? ���F�+ 7����� 0��3(� �� ,� #�3��5 ;�!.

��:	�	�:)���6�� H��B"��=�1��"�;�! !� �4Ziarani�3��5 ;�! 0+ )>1�Q/�� �+��+;�! !�0"���P�LM!� �"���Kalman�3��C5 ;�! 0C+ )>1�

�/�%)�� 0"��� N����� �+��+.

�;��� ��2:�� �R� 0+S���� ��!=�1��"� H��B"�� )�D ;�! 6��M0"���P�LM!� �"��� ;�! #T�� ;�! 0� 6�+ ,� �����
 )+�? 0"B�����+ '�4Kalman

�
�+.0+�+ ��"	(+2 U�GF 0+ �+��,!� '��+ �"��� 6�� ,� ����"�� ��*��� �2 ��V��� � �M������ ����M�
�+ �M.

 )�-/ $	2<��:�����
 )�*� �+��,!�=�1��"� #'�40"B�����+)+�?�����
63F�& �"��� #���!��, #

)0F�L� 7���:��/W/XY;��Z� #:$Y/Q/XQ(

��)
�

�����
 �+��,!�
�(�� '��+ '!�	34 0+ !��5 0& '����� !�

��"1�� �����
 ���,2)C�� 0C+ 7�� �� ��, ��&��& -�./ 0+ #

:!��� ;,��2 ���� ����G� !� 6"
�� !��5)�34� ,� #���+, '�4

�<��)�� !��!�/�+ '�).%[�(#=�C1��"� )>? #�@�A 7�A !�'�C4

����+�0"B)+�?�����C
(Steady State Auditory Evoked

Potentials: SSAEPs)�	�,�;�! 6��"�+�4��C�,2 )C�D

��
:!�� 0+ ���"	(+2���CF� )C�� 7�� �� ��, ��&��& '��+

����"C�� #;�! 6�� !� ���,2 ��E�9 ���,F�C+������CG� �! �2

)�� ���3�.)\(#=�1��"�'�4����+�0C"B)C+�?�����C
��C� #�

1��"��=����+�0"BM�� ]�G� 7�3�� �+ ����34 0& ����#S����

�� T�� ,�0�A�� !�CZ��FZ^��M���C"_F� `C�C� )C>?�-

���CCC
.)Y(� ,� #CCC�CCC� �CCC+ �! 6���� �F��CCCC1����"	F� 7����

(Electroencephalography: EEG)a��,����F2 :�
 0+ 0�

��� H��B"�� )�D � ���
�C1��"� 6�=�+ #�C4C�;,���C� ;�! �

=�>"� �)�"���:����� ��� #������ �	
�� 
��� ������� �	
�� ������ ������E-mail:shahbazi24@yahoo.com

���������	 '  ��() �*�+� ,�-. �
�/��	 �/�����) �%*/��	 ' ��
��01��
$� #0#0231#45603

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

21
 ]

 

                               1 / 8

https://journals.tums.ac.ir/aud/article-1-152-en.html


D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

T
ue

sd
ay

, J
an

ua
ry

 1
7,

 2
01

2

 ��
7$� � ��(! 
8��-. ��9	��

���������	 '  ��() �*�+� ,�-. �
�/��	 �/�����) �%*/��	 ' ��
��01��
$� #0#0231

��>C���� 7������C
 ����"C��).\(��C+ �C � #'� H��B"C��C�6

1��"��=� ,� �4�+ #��
 )>? 7����� ;�! ���"�V�M'����"C�� �!

��+ 
,E ���, #��&'� )>?�N4�& 7����F�C+ ����"�� � 0"�����

���1M ;�! 6�C� =���C
.b�CG��C4'M�C����C+'����C(

=�1��"�'�4����+�0C"B)C+�?�����C
)C�4a��Cc��
�C���

��"14���A �����E��� a��c�� !� 0cde�M�ee0CF��� �M�4

��
���� 0+ �:!��C� 7�C3�� ;�C 0C+ �CA�� 0��3(� ��-

���
).Y�Q(

�%�� &�%�


�!����& �M 0&��+'H��B"��=�1��"�'�4����+�0C"B

)+�?�����
� ,���C�>� �C+ #)�� ��
 ����"�� #��
 )>? 7���'

������6 ��'�!'�,�+�4'���,����� )�D�C� )>1� N�7���

�� 0+��GM af� � ��a��&�� �,�A !� =)Q[\(0C& #)C�� ���C+

� �2 ��3� 7�	
���E�9 )>? 0+ ,����� 7�����
�+.0C+ 0D�M �+

� :�CC.B��CC�CC� 6�� !� #7���CC�LGM 6CC�>JM ;�! �� ,� g�CCL�

O�J/��� H��B"�� )�D�1��"� 6�=)C�� ��
 ����"�� �4.;�!

>JM ;�! #7���CCL�O�CCJ/��Ziarani��!�CC	34 �)�e[d(�

� 
�� ;�!�P�CLM!� �C"���0C"�Kalman)C��.)�%[��(#)C�D

,!��+��� ;�! ����L� � ��
 �������5 ;�! �+ ���2 01�3��� ,� #

� 0��3(��F�C+ 7������LGM �C&�� !� ��C
 )C>?�6C3M�! :�CL

)C�� ��C
 ����"C�� #�C"�!�M �������.hC��� 0C34�C4 !� �C4��

�I� #��
 ����"�� 0��3(��a��Cc�� )C�4 �4 ��I� ��"14 !��

`��GM)�� ��
 ����
 N���,2 �!�� ����� ^��M.7�� 0��3(�

iB
 �� ,� ��
 )>? 7����� �� =��
�!��'�����
!�(�4!�

)�4a��c�����+ 
����)��.0C+ �����C
 `C��GM:!�C�

�C3��!� ��C
 ���� N7��CD�:�C
 !� �:�C�dB SPLYe

)�� ��
 7�3��.!� ��C
 )C>? 7����� 0� =��
 
�� 0��3(�

�
 0�`��GM :M�����
 7�3��dB SPL\e#dB SPLYe

�dB SPLQe�����C
 �C+ iB
 j�� '��+!�C(�4)C��.0C+

M!�>��)�� 7����� ������ =��
 k*c 0��3(� 6��.���� =&�4'

F�+���� ���4 =��
��! a��C&�� )�4 
��& �4 0& ��"14 7���

��!�� �+ !�.�!�+ a���L� !� �4�H��B"�� ���, 01�%Qa��&��

�GM�� ;�! �� ,� ����"C�� �C+ ������C�')>JM ;�!�CL�OC��

J/�Ziarani� ;�! � ��!�	34 ��P�LM!� �"��0"��(Kalman�

��5 ;�! ��3�)������6 C��'�GM �C�a��C&�� �,�CA !� =(

)�� ��
 
�(��.0����+�4����+'��D�'��;�! 6�C
 0"
�� �4.

0����+a;�!������6 ��'M ��G�#a��&�� �,�A !� =0����+b

>JM ;�!�CCCL�O�CCCJ/��Ziarani�0CCC����+c� ;�!��CCC"�

P�LM!��0"��Kalman� ��D� �!����&.

=�)?01@��AB �B�C D����SSAEPs���� %� 	�����	�

&�EEEEEEEE2

���	�
F

!�	GH�	/�:

)Hz(

�)� ���)�H�	/�:

)Hz(

lmdYeedX/Xe

lm�YeeWQ�/X\

lm%eeeX\\/XW

lmQeeed$d/W\

)��!Qee�$Y/dX

)��!�eeeeeX/X%

)��!$eeeW�\/XQ

)��!\eeedWd/W�

��	���a

0����+aH��B"C�� '��+ 
,E ���, ���c iB�� )�D

=�1��"�'�4����+�)+�? 0"B���� ,� �����
'�4F�+����C+ '��!�

;�! ,� ����"��Picton���!�	34�
 0"
��)�� �.)\(#'��!�

���� 0����+�+ 7�"�(�� '�40��3� a��c��'!���+�eee�� �M�4-

�
�+.����!� '��!� '�4�,�+�4'����,%X\/�Q0���?0"�� #'�-

6������ af� � ��
 '��+�� '�� ���
.6������ ,� a�'�C� 

���C�, 7�C9 �+ ���� 0"�� `� #:�IJ5 ,� ���IM �4 '�!%X\/�Q

+ 0���?�� )�� 0'��A 0c ��2�Q%X\)�� ���� 0JL�.0C�A�� !�

�� 0"�� 0�!�� =��>M ���� 0IJ5 6�� ,� '�I+��
.

��C�, �,�CA ,� �! 7����� 0& )�� '!�M���� 0�!�� =��>M

�� =��>M a��&�� �,�A 0+��&.7����� � �)(tx��C�, ,� �I+�M

�2 0�!�� =��>M #�
�+)(ωXa��&�� �,�A !�:!�C.+0CF��I�

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

21
 ]

 

                               2 / 8

https://journals.tums.ac.ir/aud/article-1-152-en.html


D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

T
ue

sd
ay

, J
an

ua
ry

 1
7,

 2
01

2

����� �� �� �	
���� 

 ������ �

� ��������
 �
� ����
�� ���  
!� ���
"! � ����
Kalman#Ziarani$�%& ��

���������	 '  ��() �*�+� ,�-. �
�/��	 �/�����) �%*/��	 ' ��
��01��
$� #0#0231

,���� n��IM��
#t#���,ω� a��&��jo"����4�� ����-

�
�+.dtetxX tj∫
+∞

∞−

−= ωω )()(

7����C� '��C+ 0�!�� =��>M0"C11 '�C4(Discrete

Fourier Transform: DFT)��"�� �+p"�!��F� ,� ��V��C� =��>M
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+0�� ���+ �J/ :!������"C�� =+�5 �
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Abstract 
Background and Aim: Hearing assessment in infants and children younger than two years is an 
important issue, because the golden time of the language learning and speaking is under the age of 
two. Steady state auditory evoked potentials (SSAEPs) is one of the best ways of the objective hearing 
assessment for infants and young children. The need for long time of stimulation and recording 
restricted the clinical uses of this method. Therefore, the reduction of the recording time is a common 
problem. SSAEP signals are contaminated with background EEG signals of the brain and nervous 
system. To discriminate these signals the approach is using averaging method. 
Materials and Methods: In this work two adaptive methods were programmed and tried on (SSAEP) 
signals. The first method was the work of the Ziarani et al. and the second was the enhanced Kalman 
filter. To assess suggested methods and to compare them with traditional averaging one, two sets of 
clinical signals prepared with Rotmen research group in university of Toronto were applied. 
Results: The speed of the extraction of the SSAEP signals with the Ziarani method is 1.6 times faster 
than the averaging method. The extraction time of the enhanced adaptive Kalman filter is 13.1 times 
faster than currently used averaging methods. 
Conclusion: The Kalman filter method seems to be more reliable than the other two methods. In 
addition, this new application of the Kalman filter in hearing assessment could be more beneficial and 
faster than other methods as an objective method.  
Keywords: steady state auditory evoked potentials ,hearing assessment , Ziarani , Kalman filter  
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