
 

٢٥ 

���� ����� �� 	
��
 ���� ���� �� 	� ��� ������ /http://opsi.ir ���� ������ ����. 

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

�()
�*�
 �	
�� �+()��) �	
�
����, �' +�- ���. ��	(�'  #
�)��
' ����  

���.� �/0
)1�1 3∗∗∗∗ 3 �� �������� �45)1 3�6�7�) ��89�13 �:'�� ��;<�2  

1 ���� �
�
 ��� � !�"#$�� %������� &�'� �(�"#$�� )*�+
   

2 -�.$ !�"#(-/0 %1��2�1���� %  

>+���: 32
 	'*4 5� ���$ ��� 1�
�� ���
� ��(�"67�7 �� 1�-��8 ��(������ �� ���5�� ��(�"67 ����!5 ��(

�
  1�9�$�91��� �.��0 ��.6� :;� .� ���	� %- =����� ��(��$> %!/�-�
 ?4�
 1�
�� =����� 	� ��� @-� A�B�$�

 ���� ?�� 
 ��� �� �*2
 �.C�� 	8�$ 	� D� ".� ��6$ E��F8�!5��$� G��� �
� ��.9��� �"67�(  	����� .��� ��� ��

	+.�$ 	
��
@-� 5� !��H��� ��."$�.
 ����-� ��(1> ?.��� F.$ - 	$�.
 - ��I�
�.J ��.9 �.H.� ���2� ���� �(

	��*$���$ ��� 1�
�� �"67 �� ���
� � !��H��� !�� ��� .	K��� ���+� L���$�$ ��� �� 	� M���
 !�� 	� ��D�N 600 

 ��
�� 	'0 D�N 	� ���
� �20 ��
 	'��8 �� �540 ��� �� 5� ���
 ���� ".� @5���0 5� ���7 L���$ .1�#$ D!� (� �

@-� �.C�� A�';
 ��S'*�	� ��( =T� - 	$�.
 ?.����."$�.
!5��$� ��;U E(�� �� ��I�
�.J ��.9 5� �
� ��.92 

 	�7/0 ��$�� 	4��.��� ���9  

)� ���&:#
�@  �"67���  X1�
�� ���$D� ".� @5���0 X	���Y
�."$�.
 X	$�.
 ���I�
�.J ��.9.  

Comparison of using 2-D Non-local means, median methods, and a hybrid of them in the 

processing of the temperature profile of a distributed fiber Raman sensor  

Lale Rahimi1,*, Ali-Asghar Askari1, Mojtaba Arjmand1, Morteza Mozafari 
1 Faculty of Applied Science, Malek-Ashtar University 

2 Niroo Research Institute, Tehran, Iran. 

Abstract- Fiber optic temperature Raman sensors are among the most important distributed sensors with 

many practical applications. The low power of Raman Stokes and, especially, anti-Stokes powers caused a 

considerable influence of the signal-to-noise ratio enhancement method on the accuracy of the measured 

temperature. In this paper, we have used the median and non-local means methods, and a hybrid of them, 

to improve the temperature profile of a fiber Raman sensor. Experimental results are presented for a 600 m 

fiber optic with a temperature step with a length of 20 m and located at a distance of 540 m from the entrance 

end of the fiber. Signal processing results show the appropriate results by respectively using the median 

and non-local means methods on the reduction of the temperature measurement error from 2 oC to 0.7 oC. 

Keywords: Fiber Raman sensor; Signal Processing; Median method; Non-local means method. 

  

                                                        
∗ Lalerahimi@mut-es.ac.ir 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
02

-1
6 

] 

                               1 / 3

http://opsi.ir/article-1-2499-fa.html


 �
����. ��� A�)�;6& ��/�)�
'����- 6 #
�$ 1400 –  3
� F* � �"�/ +��G��1* +
�G�)
�8GH� ��H-  

٢٦ 

���� ����� �� 	
��
 ���� ���� �� 	� ��� ������ /http://opsi.ir ���� ������ ����. 

1- �����  

D�� ��@Z� �.U� ��(	� 4 ���2� �24 �� ����5 ��( .��� 	�8�9 [��� ���$ ��� 1�
�� ���
� ��(�"67 ���S'*� \'�B
 ��( ��� ��

 �(�"67 5� 	���	��*$ ��� ���
� ����$ D� ".� 1��� ��6$ 5� !��H��� ����$> - =����� ��( =�����	���Y
 �
���. ������ �  ���2�

 	8�$ 	� D� ".� ��6$��� ���$ ��� 1�
�� �"67 �� ��S'*� �� D� ".� @5���0 ��(� ���8 ������]9�.C�� 5� �S� .  

D�� ��@-� 5� !��H��� �.U� ��(	8�$ E(�� ��( ��� �� ����-� �3�6.�	���Y
 @-� .��� 	�8�9 ���� ^.�Y� - 	4�� ���
 ��.6� �( �

��I�
�.J �."$�.
1 @-� ��� �����������0 	'*4 5���� �(	� % �.
-� D�� �� ���2016  ���2� �24 �� 1> 5� !��H��� E$���S*( - ����

SNR  1�
�� �"67 ����� �$��� ��2 #.0 �� ���$ ]1[�
 @-� 5� 	
��
 ��� �� .	���Y
 D-��	$�.
 �2 ]2 [ @-� -NLM  	$�9��4 [��� 	�

	8�$ ���� ��.���  F.$ -	��*$ ����5 1�
�� �"67 �� ���
� ���� !�� 	6���
 �"��S� �� ���7 L���$ - !��H��� ���$ ���7 L���$ .�$�

1�#$!� (�	� ��.��� @-� ������ ����� � ?.���Median  =T� -NLM @5���0 ��+$� ��(.��� !�� &�  

2-  ��� I�5)NLM 

32
 a[-�H�  @-�NLM �."$�.
 ���
�*�
 ��.9  ��� ��� �� 	�"��6*( �	'��8 b��� �� 	$ �D�'����c� ��(  b��� �� 	S'� �S��F$

1> [�� :;��
 \���� �(�
 �� ��� ��� .���	� 1��� �$5- )��� �� \���� �� - �9���?�� 
 ���� .��� &�+$�����
 ?.��� D�'� i &���  

( ){ } ( ) ( )ijj I
NLM f i w r f j

∈
=  (1) 

�
 ��F"��4���%  1> �� 	�f(i) [�� D�'� i�'�� ���c� �� &� %ijr 	'��8 D�'� -� ���.'�� �i  -j \���� �� )|fj-=|f(i)ijr - W(rij)  )���

�� %�$5- �.� 	� 	�[��� 1 ( 5� �4-5 )���ijr 2(  �� ��U ����
 	 .#.� �����0= ijr - 3(  ��+ 2�)1)=rijW(I ϵj ∑(� �6( %	;��� �� .) �1 (

)*4 �� �-� �� �� �D�'���( ) �'�� ���c�I�
 &�+$� ( .��� D-�41  �$5- )����!��H��� ���
 �
 1�#$ �� ��� ��� ��.�(�  

D-�41 :	� �$5- )������� 	8�$ �� 	�8�	��*$ ����5���$ ��� 1�
�� �"67 ���
� �  @-� 	�NLM.  

Gaussian Logistic Fair Lorentzian (n=1,2) Name 

2 2
/1

( )

ijr h
e

z i

−

 

( )21
sech /

( )
ij

r h
z i

 

( )
2

1
tan /1

( ) /

ij

ij

r h

z i r h

− 
 
 
   

2 2

1 1

( ) 1 /

n

ijz i r h

 
  +   

Function 

 D-�4 ��1 h ��
���0 D�� � �$5- )��� �� 20  -z(i) ��� �$5- )��� &�� M�� b��� �� @��+ 2� ?��I h�F� ����
 .h  	� �+ 


	8�$�U�� S�) ����5�
 ������ (�5�����% [�
 E��F8� �*.� 	� 	��
� 	��9��% - ��  [��ZN� �� �;U E��F8� �� - ��8� ��� 5� ��7

 ���� [��..i� ����� M��$ 	� M���
���
�%  ����
 	� ��� ��2� .�� �(��U &�*�h 	8�$ ��.�
 5� j��Y$� 	� 	4�� ��� .��� A�B�$� ���c�  

3- K	
8� L��!' � �M)�) 

%�� 	�H9 	���;$�*( NLM ��� ���� -� ��-�c� ����5 	8�$ ���� ��-� ��� �� ������ � . ��� &5k ����� @-� ��� 5� !��H��� ����

5� ���7 ���
� [��ZN� 	� )*4 =
�0 ��;� �� ��#�$� =T� - ��->	�-� ���c� �� [����� !��->�� ����$ �S� .�1 	$�*$ ���c� 5� ��

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
02

-1
6 

] 

                               2 / 3

http://opsi.ir/article-1-2499-fa.html


 �
����. ��� A�)�;6& ��/�)�
'����- 6 #
�$ 1400 –  3
� F* � �"�/ +��G��1* +
�G�)
�8GH� ��H-  

٢٧ 

���� ����� �� 	
��
 ���� ���� �� 	� ��� ������ /http://opsi.ir ���� ������ ����. 

	�U����
� [��ZN� 5� !��H��� �� !��D�N �� 1�
�� �"67 �� 	� M���
 � 600  ��
�
 1�#$ ���(�[�#��
5> ��� ��.  D�N 	� �#B�20 

 ��
 5���� )	;�$ j��N� �� �540 ��
 �� 5� ����( �
� �� ���
� &�*7 �� ��.��� !�� !��� ���� D�� � ���� �  

  

 L�-1- ���c� ����-� 	�U��!�� �� !��H��� 5� 	��*$��( ���
� !5��$���.9!�� G��� �� �"67 1�
�� �� D�N 60 �
�7 �� ��
 	��#B� 	� D�N 
20 ��
 5� ��� )�� j��N� 	;�$� 540 ���
 5� �� ��� (�� �� &�*7 ���
� �� ��
� ���� D�� � ���� ����.  

 �S� ��1 	���
 ���*� ��Y
!5��$� �!��*� ��8� ��Y
 - ��.9 D�N �� 	$�*$ ���� �
 1�#$ �� ��� �H( - ��$ a���7 �S� ��� .�(�

!5��$� D�N �� �
� ��.9��� 	���.0 - �+���� �..i� �.7 ��G.Y
 ��
� E��
5> ��� �� .��� ���
� &�*7 �� �
� � -  	 .*� - 	 .#.�

	� ���
� &�*7 ��
�?.��� ����� 25 %85  -40 ��$�� 	4��!��� ���9 .���  �S�2 c� 5� �;� �����  �S�1 	���
 	� M���
 3(�+ 0 �

!5��$���.9 )��
� 60 	4�� ��$�����9 *7���
� &� ( ��@-� 5� !��H��� �� @5���0 5� ��� - ��� ��(NLM %(��-�9 �$5- )��� ��) Median 

 ����� �
��� �� @-� -� ��� ?.��� -NLM )Median =T� - (Median )NLM �� (1�#$ �
 .�(�  

 
 �S�2 : �S� ��-�c� 5� �;� �� E��*$4 	���
 	� M���
!5��$� 3(�+ 0 ���.9 )��
� 60 	4�� ��$�����9 ���
� &�*7 (  �� @5���0 5� ��� - ���

@-� 5� !��H��� ��(NLM (��-�9 �$5- )��� ��) % Median .@-� -� ��� ?.��� -  

	6���
� EB���( \'�B
 �S� 2 1�#$!� (� � @-� ����� NLM+Median 	8�$ ���*.� 	� 	��
� %����5 &�$�9�� ���� m���6$ 

	'� ��+�� -  ��;U3 ��$�� 	4�����9 !5��$� ����� �
� ��.9 .�
�7��	�  @-� 5� !��H��� ��Median+NLM !5��$� ��;U 5� �
� ��.92  	�

7/0 ��$�� 	4�� .��� 	�8�� E(�� ���9!��H��� 5� )���� �$5- �"�� F.$ 1�#$ 5� ����� @-� Median+NLM ��6$ 	� ���� @-��( ����.  

N7)�� 

1. M. A. Soto et. al. Nat.Commun. 7(1) 1, (2016). 

2. R. C. Gonzalez, R. E. Woods Digital Image Processing, New Jersy: Prentice-Hall, Ch. 3, (2002). 

1 Non-local means (NLM) 
2 Median 

                                                        

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
02

-1
6 

] 

Powered by TCPDF (www.tcpdf.org)

                               3 / 3

http://opsi.ir/article-1-2499-fa.html
http://www.tcpdf.org

