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دركآش ارساز شبه بهينه برايكدر اين مقاله دو آش�5 ��4! ه چند ممـانكبا فرض اين. شده است ارائهKلاتركارسازي همدوس سيگنال رادار
يك، تابع مشخصه دامنه استلاتر در اختياركاوليه دامنه و بر اسـاس آن بـا اسـتفاده از زده شده با جملات محدود تقريب، سريكلاتر به صورت

ي، Padeتقريب ميك دامنه تابع احتمالو در نتيجه در آمدهسر گوياككبه صورت با اسـتفاده.يدآ لاتر به صورت مجموعي از توابع نمايي به دست
. نـاميم مـي PAALRو PGLRارسازهاي حاصل را به ترتيـبكآش. شوند ساده مي AALRو GLRارسازهاي شبه بهينهكآش، حاصل تابع احتمال از 

ر شبيه آش مطلوبردكعملاي نشان دهنده ايانهسازي باارساز پيشنهاديك دو .است AALRو OLD ،GLR آشكارسازردك عملدر مقايسه

� Pade، تقريبKي، شبه بهينه، همدوس، غيرگوسي، توزيع ارسازكآشرادار،  : �(�!	-��67

Radar Signal Detection in K-distributed Clutter by Pade Approximation 
 

M. Ghaffari, M.R. Taban, M.M. Nayebi, and G. Mirjalily 
 

Electrical Department, Engineering Faculty, Yazd University 
 

Abstract: In this paper, two suboptimum detectors are proposed for coherent radar signal detection in K-distributed clutter. 
Assuming certain values for several initial moments of clutter amplitude, the characteristic function of the clutter amplitude is 
approximated by a limited series. Using the Pade approximation, it is then converted to a rational fraction. Thus, the pdf of the 
clutter amplitude is obtained as a sum of simple exponential functions. Using such a pdf, we develop the suboptimum detectors 
PGLR and PAALR, which are simplified forms of the GLR and AALR. Computer simulations show that the suggested detectors 
have appropriate performance compared to OLD, GLR and AALR detectors. 

Keywords: Radar, Detection, Suboptimum, Coherent, Non-Gaussian, K-distributed, Pade approximation. 
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MLŝ[J�0<ML���AJ� 
�">C 

SCR �><�4 �C ���AJ� )H1 

T#;��
�\�] N����] ^_� 

v:�;5< R\� >���
�?K

x�(5�  �5` 
�">Cy

y �*��
" 
�">C 

Γs���AJ�  *"�I< #�8>���
�? ��5�� #�a* 

δ>K?�" )�J� �C b5C>� ���AJ� 
�">C 

λi ���� D1C E�>F 

σ><�4 
�JQ� 9�>X�� 

τ�5 �5` �H� ��� 
"  *"�I< =�5< ��( 

φ>K?�" )�J� >c� =��C ���AJ� ��5�� ;�* 

Ω>K?�" )�J� ;�  ��� ���AJ� ��5�� ;�* 

859�!�� 

�]\8� #;��
� � D�5< #
�"�
 9��d
�"�
 =�C��"  1e(�? 

����5f�� ���AJ� 
5a@ 
"4	��
" ;�  ��� ><� 7ef\	 4� �5 

�>Jg )��  �h5Y ��C�� #�
�" ]�[.V(�e? 
�_j d�  1(�? 
�"�


 
�>e\< V��e4>* �eC � deB54 
�J1C  ���; #��!? �C ��� �(���

PRF� � ���
� �a* �C [��] PJC )!M 
" �
 ��4 .�e�
� �C >e8 �

�C =] #�!��\Q�� 	V(�? ��e�
� ;� ReHj �< ��� #��H���; S
5T

  � 
�>j W;�">? )X< 	#�QC V(�? ">J`. �7`;�C ���AJ� V?

���? ���C 
" � ��� �(���" 	 ��J� ���C 
" )�5�< � =��>�KJ* ;�

��5��  e� #
�">C "5e� .@� [�e*
 h�eC #�>eC #;�e�
�\�] ��e��

 h5ee�Q� 	9�ee8 ^JXeeT ;� N5ee4� W;�">ee? #�>eeC  (�5ee�� #

 ee� �"���ee�� #
�"�
 �5Kee� >ee8 
" #;�ee�
�\�] "5ee� .�kee(

 
�">eC de� #�
 W;�">e? :ej�� 
" �5Ke� >8 
" #;��
�\�]

  �*��
"N#�QC yPJ�I< �"5M� G�$ �� "5M� "
5� 
" #>J`

 )e�� 9�8.>eJf� #�!(�e� 
" #�!��1eJ� =�e� ��*>7eJ? �eC 

	#
�"�
 �] \�"�
 ���AJ� l���8 #;��
� 
>�7JC �eM5< "
5e�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
6.

26
.2

.1
0.

9 
] 

                             2 / 13

https://dorl.net/dor/20.1001.1.2251600.1386.26.2.10.9


������ ��� 	
��
��� 	�	����� ���� )���� ���� : ���!� 
" #"�$ #�!��
(&&

)ee�� �ee�*>` 
�>eej 
�"�
 �ee�J�; 
" =�ee��X�.#;�ee�
�\�] 
" 

LeJ� ���AJe� ;�* S�$�Y� ;� ����" S�$�Y� >C ���$ 	l���8

  e� >�!C #;��
�\�] ">\K�$ �k( � �"����� "5e� .
" �
 [e�� ;�

 ��5�� ��B � l���8 #�!F>* ;� �"����� �C 	�(��� [�� ="5eC #�

 #;��
�\�] W;�">? DK�e0� 
�">eC de�  �*�e�
" ���AJe� 	y

�C �5YN � ��*>` >m� 
" "5� .�]\#;��
� 
" �eC �"�Q� 
�"�


�JF>* �" =5�;] )�� >�; #�:

)�(






+=

=

nsy:H

ny:H

1

0

4=] 
" �0H�1H�JF>* EJ<>< �C"5M� � "5M� G�$ #�8

 � 9�8n�s#�e8
�">C EeJ<>< �eC Pe8 ;� R��1e� 4� >e<�

 ���AJ� �"5C4�] ="5C l���8 )K$ �C �\ ��8
�">C 	#;��
�

 �5Y �C � DK�0�N � ����C.

#;�e�
�\�] �eC 	#;��
�\�] ��>m� l���>C 	�(��� [�� 
"

��J!C
e� G��ej�  e�5`>Jg >e<�4 
" 
�"�
 ���AJ� )e�� �� .;�

��e��@�  (�eAB :C�< �4  ��6�] G�5e<  e�5`>Jg >e<�4 
�">eC 

��JnJ? R\� #�
�" �eH(�g 	)e�� #� =5e�;] �eC =�Je�
 =�e\�� 

�� ��J!C #;��
�\�]ALR�)e�� [\���e� .o��e�� ����0He�5f

 #
�e�] :e�;5< #�>eJ? ��e�8" =�7e� #>m� S��J�X< �  C>6<

 5` �He� =�5�$ )X<  (�� ;�  �5`>Jg ><�4  e�p�e� SIRPq

)��]
/p.[=�e� de�"L� #�>C #"��; #�!��< 	l��� [�� >C

 )�� ��� G�6�� ��J!C #;��
�\�] =5�;] �C]q/�t[.=�J� [�� ;�

 � �e��
�* =5eB  ��e� E@�eT =�e��X� #�!78��? �C =�5<��

���4u">4 �
��� .	 e�5`>Jg >e<�4 :�;5< S��J�X< [�� >v4� 
"

K�C � ��� w>* J8�� >Y�f ��J!C ;��
�\�] ��JnJ? )�H(�g 	;�

��J!C �H� =5�;]�GLRx)�� ��� �"����� ]q	���t[. <h���

 �e� �e�J!C #;�e�
�\�] =5e�;]  H�>�< R@ �C  $5� �C �4ALR 

��f�">? ����4 �"�� #�!F>* ;� 	��� �e� G5eKQ� ���AJe� =5eB #�

�">4 �"�����  H��6� #�!�(�@ ���]����[.8 
" ��X��  K$ ��5`>

 ��e��@�  (�eAB :C�< ��JnJ? G>* 	��J!C �H� #;��
�\�] =5�;]

G�5< W�
 =�� ��JnJ? y$�C �\��� >C ���$ 	 �5` �H� ><�4 

RJKX< � R@  � �!�5�;] [��  F��
 5�"�e���!� 	�eC  ���
5eA(� 

 � ���
� ��JnJ? R\� �8" .�Kz1� �k(  � {>_� �4 #� [e�� "5e�

 	Ee�>�< =�e\�� ��] �4 )�� D1eC ;� �"���e�� �e� #;�e� �"�e�

 ����@�  (�AB :C�< d� #�>C E���� G�5e<  e�5` �He� 
�">eC 

[Je�B |"
�" "5eM� #
�"�
 �e�J!C #;��
�\�] 
" �"����� #�>C

  *"�I< >J}�� #�>C  H�>�<K \1e(�;
 De�5< 
�C [J(�� 	�t �

~�JC54�M�� �� {>_� .
"]�
[=">e4 #�e�B ��e�� =�`">H��� 

� R\� >���
�?  *"�I< >J}�K"��e$� �eC q/t	�	q/�	
	q/
�

��e�">4 {>_� �
 .:e�;5< :C�e< 	>�"�e�� [e�� )eX<KR\e� 

�"��  � ��J? #>< ��4 .�eC �5e* Ee�>�< PJe�Q< �C 9
�$ � =�C�<

 :�;5< R\� #�8>���
�? �JK4K) e��� #�8>���
�?  �@(G��ej� 	

����@�  (�AB :C�< E�>�< �CG�5< �C ><�4 
�">C :�;5<K�">4 

�e�">4 G��ej� �e�J!C �H� #;��
�\�] �C l��� [�� >C �]��[.;�


" ���4 >A�" 9>Y]��[��5�� "��Q< ="�" RJ� �C �8)N(�C)��

 C �C 	)��!� 
"  �����e�
" :C�e< Ee�>�< �eC G��j�  H��6� 
5Y

 =5�;]GLR ">4 .>e<�4 :�;5< O5� 	�!H�>�< [�� 
" �4  (�@ 
"

 �C �07� ���C =">e4 #�e�B ;�  e��� #�_f  (�� E�>�< 	��

  H��e6� )(�@ ;�  ��� )�"��X�  ��" E�>�< � R\� >���
�?

  e� RJ�X< ;��
�\�] �C �
 �e�4 . e�JM �eB >e`��
 
" ]�t[�eC 

[J�0<ML��  *"�Ie< >eJ}�� τ	 e�5` �He� >e<�4 ��e� 
" 

">e4 G��j�  ������
" :C�< E�>�< �C ><�4 :�;5< O5� ;� R��1�

 � �C =5�;] �C #� 
�JQ� ��@ [�GLR [Je�n�8 � �"5eC "��eX� 

[J�0< ;� �"�����ML  *"�I< >J}�� τ�7eB ���8" =�7�  �5�

)�� #;��
�\�] 
" =] :�;5< O5� ;�.

Ee�>�< ;� �e(��� [�� 
"Pade  (�eAB :C�e< Ee�>�< #�>eC 

��5�� ����" ����@�  (�eAB :C�e< Ee�>�< =] :H< �C � ><�4 #�8

 ����@�G�5< )�� ��� �"�����  �5` �H� ><�4 
�">C .�"���e��

 ReJf" :C�5<  `�JnJ? �M5< RC�j �8�4 >C ���$ E�>�< [�� ;�

 :�;5< O5� �C ;��
�\�]  A�1C�� 9k@ y$�C 	#;��
�\�] 
"

  �  �5` �H� ><�4 "5� .��eJnJ? [Je�0< 	W�
 [�� l��� >C

 ����@�  (�AB :C�<G�5< 0< �eC "��eX� 	><�4 
�">C �e�B [Je�

 ��5�� ����"  *"�I< >J}�� ;� �J(�� =���  � ><�4 #�8 "5� .[e��

 �C �Kz1� �  �5A�8�e� �eC >e<�4 =�e`
��] �e4  e_JX� 
" ����

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
6.

26
.2

.1
0.

9 
] 

                             3 / 13

https://dorl.net/dor/20.1001.1.2251600.1386.26.2.10.9


������ ��� 	
��
��� 	�	����� ���� )���� ���� : ���!� 
" #"�$ #�!��
( &3

 � 	)�� �M�5� S�>JJ}< ���C �M5< RC�j ���5<.

G�" �0C 
" ���C� E�>�<Pade  e*>Q� ��e� �eC �4e�d=]

���" ����@�  (�AB :C�< S
5eT �eC >e<�4 �J���� ;�  $5e�6� �e!

  � �"; E�>�< "5� .��e� ���$� E�>�< ;� �"����� �C G5� �0C 
"

 ����@�  (�AB :C�< ���C� 	><�4 ����" ����@�  (�AB :C�< #�
 G�5e< 

�C  �5` �H� ><�4 
�">C �C  H�>�< S
5T �eC V�e� � ���] )�"

�eeC �] #�ee!�5�;] 
" =] #>J`
�ee4\�ee�J!C �Hee� #;�ee�
�GLR 

�AALR�p	�] �eeC \ ee�  ��8;�ee�
� �
 �ee!�] �ee4 PJee�
PGLR �

PAALR ee�PJ��ee�.�JHee� ;� �"���ee�� �eeC G
�ee!B �ee0C 
" #;�ee�

�����
 K�$ 	#�\�] ">\ �  �
>C #"�!�7J? #�8;��
� "5� .

:5���� - ��
��� 	��;<!� - 9
�(� 	�������� 

#;�e�
�\�] 
"  eA�J!C 
�JQ� 	#;��
�\�] ��>m� l���>C

 JQ� 
�"�
 =5�>J? [�J� 
�)NP(�q )�� ]�p[.	
�eJQ� [�� l���>C

 ����@�
��e�� >e8 #�;� �C �4 )�� #;��
�\�] ��J!C ;��
�\�]

 DeKg 
��78�� #;�e�
�\�] ��e��@� 	��5e0(" � )eC�c �u �eC �
 

����>C [\�� 
���� [�>�7JC .���AJ� >`�s���4 	�e��C G5eKQ� 


�JQ� �HY ��J!C ;��
�\�]NP�C �5f >�; S
5T�� �8]�q[:

)
(T

H

H

)H|y(f

)H|y(f
)y(

0

1

0y

1y

<
>

=Λ

=] 
" �4.)|y(f y����@�  (�AB :C�< G�5< 
�">eC  Y>e� y�

)y(Λ ������
" )H1� :C�< �� ��� .[J�n�8T����e�] ^_� #�

 � [JJQ< DKg 
��78 ����@� D�5< �4 )�� "5� .���AJe� >`�

s���4 ��C G5KQ� �C ��J!C ;��
�\�] 	�  � 
" >�; S
5T ��]:

)�(T

H

H

)y(f
)sy(f

)s|y(

0

1

n

n

<
>−

=Λ

ee4=] 
" �(.)fn>ee<�4 
�">eeC ��ee��@�  (�eeAB :C�ee<n� �"5eeC 

)s|y(ΛY>�  ������
" )H1� :C�<  )e�� .�e4  <
5eT 
"

s��J!C =5�;] ���C  *"�I< )H1e� :C�e< ;� #>eJ` [JA��eJ� �C 

Y>�  ������
"  *"�Ie< #�8>���
�? �C )H1� s�eC S
5eT

�C >�;  � )�" ��]:

)p(∫
Γ <

>−

s

T

H

H

sd)s(f
)y(f

)sy(f

0

1

s
n

n

4=] 
" �(.)fs����@�  (�AB :C�< G�5< ���AJe� 
�">eC s�sΓ

��5�� #�a* ���1e8 =] #� .5e�;] �e�J!C =)p([JA��eJ� =5e�;]

 ��  ������
" )H1�ALR  � ��J��� "5� .#�>eC l�e�� [e�� >C

 ���AJe� ;�  He���� ��e� �e��C 
�"�
 ���AJ� ��J!C #;��
�\�]

"5� ��0��� ><�4 � 9�8.

 ��6�] ;�4���J(
5� ���I� [�>��!� ��e� [�>�(���e��

 )�� 9�8 ���AJ� #�>C �" #;�1(�� #�>C ��� [�� 	���AJ� ���

 )�� ��� ��*>` >m� 
" 9�8.S
5T [�� 
" ���AJ� 
�">C �C

>�; S
5T ����� RC�j )��]��[:

)q(δϕ= )jexp(As

4=] 
" �ϕ��5�� ;�*  *"�Ie< >eJ}�� d� 	9�8 ���AJ� #�8

 � :�;5< �C\�;�C 
" )f�5�)2,0[ π�A��5�� ����" ���AJ� #�8

 �eC  K��
 ����@�  (�AB :C�< �C  *"�I< #>J}�� 	9�8 S
5eT

)�� >�;:

)�(0x)
P
xexp(

P
x2)x(f

s

2

s
A ≥−=

4=] 
" �sP��5�� =�5< 
�">eC � �"5eC 9�e8 ���AJe� #�8δ

)�� >�; �("�Q� #�
�":

)u(T)])1N(jexp(),...,jexp(,1[ Ω−Ω=δ

4=] 
" �Ω�C 9�8 >K?�" )�J� ;�  ��� ;�* )�� >�; S
5T :

)�(
PRF

f2 dπ
=Ω

�("�Q� [�� 
"df)e�� 9�8 >K?�" )�J� .�e(��� [e�� 
"df

)�� ��� w>* G5KQ� #
���� .� 
" �4 �6�] ;�41eJ� >v #�!��

 ��C ;� #
�"�
d � �"����� >�KJ*  � 	"5� >e8 �"��eX� 
" =�5e<

 >�KJ*)���C >�; (
����df">e4 w>e* G5eKQ� �H�>�< �
 .
" �ke(

 �("�Q� ���AJ� ���)q(	δ � w>* G5KQ� 
�">C d� "5�.

(�eAB :C�e< �C 	#;��
�\�] ��J!C =5�;] 
" ��e��@�  G�5e< 

)�� ;�J� ><�4 
�">C .� S��J�X< >v4� 
" �4 )��  (�@ 
" [�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
6.

26
.2

.1
0.

9 
] 

                             4 / 13

https://dorl.net/dor/20.1001.1.2251600.1386.26.2.10.9


������ ��� 	
��
��� 	�	����� ���� )���� ���� : ���!� 
" #"�$ #�!��
(&�

���� �"*دار &%$# "  !
و ! -*,+  */0

Mآ%وار, �+ 

"*دار 234 &%$# " 
و  */0 ���� �!
M! -*,+ آ%وار, �+ 

�* -: د9# � !8/# "  -%ان وا56;<!

x xn τ=

τ

=>�?5���@ 	��� %&�@�� �!� %��6 9&� 

�;���� ��5�� ����" � ;�* ����@� :C�5< 	#
��] #�!�>J` >e<�4 #�e8


5� �;���� � �M5< "��*>` 
�>j #>J` ��� .� [e�� >v4� #��H� >C 	o��e�

 ��5�� ;�* �H(�g ><�4 #�8 �C :e�;5< �eC  *"�Ie< >J}�� d� S
5T

 �;�C 
" )f�5�\�[0,2π] � ��� "5� .f 
" �e���" :�;5< �5I

 h5�Q� �4 ><�4 O5e�< ;� S��8�7e� o��e�� 	)e�� ;�e* ;� R��1� 

)�� 
�"
5f>C #>�7JC .#�
 >eC ��e� G�e6�� S��J�X< l��� >C

 :�;5< 	�J(�� #�8
�"�
 ����" 4><� �!(�� �<  � w>*  K��
 ��]�[.

S�ee$�Y� �;�>e��  e(�  eC>6< �eC ;� ��e�] )ee�" �>� e4 >eeH�Q� L

#
�"�
 S��J�X<]
��[=�7� ��8"4��< �eC #�8
�"�
 
"\eJd

h�C #>�k?�x RJ� ����; �C �� �4P
t ����" ��� 49�>X�� ><� RC�j

 !M5< "
�"  K��
 ��� ;� ]p[.)eX< [Je�B  _��>e� >Y�ef �eC 

�C>F )QJHY ��5�� #� ����" #�84G" 	><� ��e��@�  (�eAB :C�e<

����" ><�4  �h5Y 	 K��
 :�;5< �C �1���� 
" 9�>eX�� )H1� � ><

 �e���" [JA��J� �C 
�JQ� =] )e�� >�7eJC .S�e�J�X< � S��8�7e� 

�4 "�" =�7� >�K��4 �< �C #�8
�"�
 
" :j�� 
" \Jd� h�eC #>�ke? 

RJ� ����; �C ��4����" :�;5< P4�He� #�e!Q�;5< �"�5��ef 
" ><�

 K��

�  � 
�>j ">J`4 K��
 ��� �� =�5�$ �C �
d��f )(�@ 

"
�" "5f 
"]��[.�"�5��f [J�B 
" ����@� :�;5< #� G�5e< 
�">eC 

4�H� S
5T �C LJ� ><� "5eC �8�5f  �5` .ye$�C  e`��� [e��

 � �H� 
�">C #�>C 	 �5` ><�4 
�">C ����� �4 "5�  �5` �eC LeJ�

 ��5�� ;�* � ����" ����@�  (�AB :C�< [���" 
�J�f� 
" 	>e<�4 #�8

 ��e��@�  (�AB :C�< PJ��5�C G�5e< =5e�;] 
" �e4 �
 >e<�4 
�">eC 

PJe��C ��e��" 
�J�f� 
" )�� ;�J� "
5� #;��
�\�] .:e�;5<K�

�He� :e�;5< �"�5��ef 
" 9�>Q� :�;5< �" �5H�� :�;5<  e�5` 

���1ee8 ee4 JeeT5< #�>eeC ��#
�ee�]4�ee�
" >ee<� 7eef �\ 

E���� ���]p��u[.�(��� [�� 
" l�e�� >C  F��
 o���� � �!KJKX< 	

�C  �5` �H� ><�4 ����"  K4 :�;5< )�� ���] )�" .��@ [�� �C

 )J�8� )K$ �C :�;5<K�!�;�� �JH� 
" 	�e���" :e�;5< 4>e<�K

>m� 
"  � ��*>` "5e� . *"�Ie< >eJ}�� >e`�A:e�;5< #�
�" K

	���C ����@�  (�AB :C�<)�� >�; S
5T �C =]]p[:

)x()bx(K
)(2

xb)x(f 11

1

A −ν−ν

ν+ν

νΓ
=

4=] 
" �ν� >���
�? \� Rb:e�;5< =�5e< >���
�e? K	(.)K v

� G�" O5� ��*�� PJ�Q< R1C :C�<(.)Γ:C�< ���`���18.

	 e�5` �He�  *"�Ie< #�e8
�">C #;�1e(�� #�!e��
 ;�  \�

�"����� ;� >< ���4 HJ

 )�� .de� 	��e� [�� l��� >C 
�">eC 

 *"�I<  �5` �H� nV�><�e� � >�eT [JA��J� �C4V��e�
��5

M � �
 )�5� >�; S
5T �C =�5<]��[:

)�t(xn τ=

4=] 
" �τ�d� �e@�� [JA��eJ� �C � )Hv�  *"�I< >J}�� x

�dV�><�e� � >�eT [JA��J� �C  �5` 
�">C 4V��e�
��5M�

;� R��1�τ)��. e� �
  e�5` �He� 
�">C >8 :j�� 
" =�5e<

 )1e��"  *"�Ie< =�5e< �eC  e�5` #
�">C .e�\R)�(
�"5e��

�HQM >< ��� #�4 � =�7� �
  HJ �8" .	��e� [e�� ;� �"���e�� �eC

 � ����@�  (�AB :C�< =�5<G�5<  e�5` �He�  *"�I< 
�">C n

�C �
 )�5� >�; ��1C R\� �C  (�>A��� S
�H$ d� S
5T]�x[:

)��(ττ
τ

−
τπ

= τ

∞ −

∫ d)(f)nMnexp(
)Mdet(

1)n(f
0

1H

NNn

)(f ττ4����@�  (�AB :C�< �τ�Ie07� :C�< 	)�� 4>e<�
� 

 � ��J��� LJ� "5� .>J}��τ#�>C 4><�K� 	d *"�Ie< >eJ}�� 

)�� >�; ����@�  (�AB :C�< �C ���`:

)�
(0)exp(
)(

)(f 1 ≥τντ−τ
νΓ

ν=τ −ν
ν

τ

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
6.

26
.2

.1
0.

9 
] 

                             5 / 13

https://dorl.net/dor/20.1001.1.2251600.1386.26.2.10.9


������ ��� 	
��
��� 	�	����� ���� )���� ���� : ���!� 
" #"�$ #�!��
( &-

=>�A5����� ��"�B� %<��4 ����K���� 9	=�� ������C !
4 

� >���
�? >`� #>m� ��" ;�\Rν:e�;5< 	"5e� )e��!�JC K>eC 

�� �8�5f �H_��  K��
 :�;5< .#�;� �eC Re�$ 
" "5eM� [�� �C

 � #�8>���
�?\;� >�`
LC Rp:�;5< K
�J1eC  eK��
 :e�;5< �C

 � d�"L� "5� .�\R)
(@�  (�AB :C�<  �X�� ��B ����" ����

K#�;� �C �
  � =�7� �K�0� R\� #�8>���
�? �e8" .�em@��

 � "5�4� >���
�? �B>8 �\R4B5\:�;5< 9�>X�� 	"5� >�K

 � >�7JC  K��
 :�;5< ;� "5�.

����@�  (�AB :C�< G�5e< �e("�Q� ;� �e4 >e<�4 
�">eC )��(

�C  e� )�" " 	�e�] ��eJnJ? R\e� #�
� �eH(�g � �"5eC #� =�e\��

  e� [\���e� �
 �e�J!C #;�e�
�\�] =5�;] �C =�J�
 ";�e� .
"

E�>�<  *>Q� �C #�QC �0CPade �5Je� 	Ee�>�< #�>eC �
 #�

  � {>_� ><�4 ����" ����@�  (�AB :C�< �C �C �4 PJ�4 #>J`
�e4

 �C ��J!C ;��
�\�] ��X< =�\�� 	=] ">e\K�$ �C �  H�>�< S
5T

 � "�6�� E���� "5�.

D5� �
����� ����� �Pade %<�E�4 ���� ����� �


���� ��"�B� 

E�>�<Pade )e���5` #>1e4 :C�5< �C 
5K��< D1C PJ�Q< .

�eeC �eeK�M��B dee� 	Eee�>�< [ee�� >eeA�" S
�eeH$ #�)D1eeC �ee�

�K�M��B :C�e< de� #� (�" )H1e� �eC �
 "��eX� S�e�M �eC

�K�M��B #�)��5` >14 ( � E�>�< ��;]
t[.


��" [J��
p  � )�
 �
q E�>�< ;� Pade :C�e< Ee�>�< 
" 

����@�  (�AB4�] #�e!KJKX< G�6�� #�>C 	><�\
�"�
 #;�e�
�

 �"�����4�"> ���]
� �

[.#;�� �"�� #�>C E�>�< [�� ;� �!�]

 )(�f" =��C 	#;��
�\�] � DKg 
��78 ����@�  KJKX< DC��


 #�8;�ee�
�\�] #�>eeC � #;�ee�
�\�] W;�">ee? 
" PJ��1ee�

 ��� dJ��4 �">4 �"�� ��� .��e�� 
�eC [Je(�� #�>eC 9
�$ � =�C�<

 E�>�< ;� �"�����Pade �e�J!C #;�e�
�\�] =5�;] E�>�< 
" �
 

��">4 {>_� 
�"�
]
�[.
" [J�n�8]
p/
�[E�>�< Pade #�>C 

�] � W;�">?\�e�*>`
�>j �eM5< "
5e� 
�"�
 ���AJe� #;�e�
�

)ee�� .:eeM�>� 
"]
�/

[�]
p/
q[�eeX� #�!eeF>* ;� "�

����4 �] =5B #�\ _f #;��
�)4)(�@ 
" �4�e�J!C >eJg  K

)��(�] 	\�] �� � l���8�� #;��
�\e< #;��
�d�e�5�� #�

)�� ��� �"����� .
" �e!�< Sh�e�� [e�� 
"]
�[�] \#;�e�
�

 
" 
�"�
 ���AJ� l���84><�K)�� ��*>` 
�>j �M5< "
5� .

Ee�>�< ;� �(��� [�� 
" ��@ [�� �CPade >eC �Ie07� :C�e< #�

 )�� ��� �"����� ><�4 .�5J� [J�B ye$�C #�e@ �< �B >`� #�

�"��  � #;��
�\�] =5�;] =�� >< �eC =��n�8  (� "5�  $5e�

  KHj  `�JnJ?)G�" O5e� ��*�� PJ�Q< R1C :C�< "5M� �K�M ;� (

"
�" "5M� .:C�e< #�
 >eC E�>�< [�� ;� �"����� �C �(��� [�� 
"

 ��" ����@�  (�AB �5J� 	><�4 �� =5�;] 
" >�J���� � >�H���� #�

�]\)�� ��� {>_� 
�"�
 #;��
�.

 � w>* "5� l+m �e���" �eJ(�� =�e��4>e<� A
�eJ�f� 
"

)�� .�C[e�� 	>e<�4 �e���" :e�;5< ="5eC G5KQ� �C >A�" S
�H$

 :e�;5< O5e� ="5H� G5KQ� S
5T 
" � �"5C �H��X� RC�j �!����

 �� =��� ��B 	����" �"�" #�
 ;� �!�] �[J�0< 
�"�
  �*��
" #�8

 ���C ��� �"; .�C�H<>� =��� ��v� =�5�$n *"�I< >J}�� d� G� 

:�;5< �CK)�� >�; �("�Q� #�
�" :

)��(0,1,2,...n
)(

)1
2
n()

2
n(

)
b
2(}A{E nn =

νΓ

+Γ+νΓ
=

����" �I07� :C�< [��>C��C4><� �_�� �5@ s=0 >�; S
5T �C

 � ���5<"; E�>�<"5� �]
u[:

)�p(∑
+

=
≈

m

0n

n
nA sc)s(C

l

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
6.

26
.2

.1
0.

9 
] 

                             6 / 13

https://dorl.net/dor/20.1001.1.2251600.1386.26.2.10.9


������ ��� 	
��
��� 	�	����� ���� )���� ���� : ���!� 
" #"�$ #�!��
(&+

4=] 
" �nc=��� �C nG�A� �C\"
�" �_C�
 >�; R:

)�q(}A{E
!n
)1(c n

n

n
−=

E�>�<Pade ;� �K�M ��B #�)s(CA�5@ s=0 	#�e�5` :C�e< 

r(s) �M
" ;� l+m )�� >�; S
5T �C]
t[:

)��(
∑

∑

=

=

+
==

m

1n

n
n

0n

n
n]

m
[

sb1

sa
)s(P)s(r

l
l

#
5eY �Ce4��eH<>� #�!��7e�k�eK�M �e�B G� #�)s(CA�

�H<>� �< =] #>14 E�>�<l+m����C >C�>C >A��\� �C :

)�u(m,...,1,0k)0(r)0(C )k()k(
A +== l

��� �C �M5< �C\�����@�  (�AB :C�< �e���" >e<�4 #�
�" �5�e�(

 �C>F :C�<)1J� :C�< ��5f �C �M5< �C �)e�� G;h �I07�

4�m<l���C 4�h5�Q� l=m-1  � ��0��� "5� .;� �"����� �C

 �("�Q�)�p( (�)�u(	J? #�>C��4E��>F =">na�nb	�e��C

 �M
" �< >�T �M
" S��M E��>Fl+m S
�H$ 
" >eC�>C >�; 

��>J` 
�>j >�T]
t[:

)��(∑∑∑
==

+

=
−+

ll

0n

n
n

m

1n

n
n

m

0n

n
n sa)sb1)(sc(

��0��� �Cl=m-1 
" �("�Q�)��(�H��X� 	E��>F na�nb;� 

>e�; S
5eT �eC Sh"�eQ� ��A�e�" "�e6�� �C >6�� �5* ��>Y

8�5f�� �:



























−=





















































−

+−

−−

−

1m2

1m

m

1

1m

m

2m2m1m

m21

1m10

c
.
.
.

c
c

b
.
.
.

b
b

c...cc
......
......
......

c...cc
c...cc

1mj1cbca
j

1i
ijijj −≤≤+= ∑

=
−

1ca 00 == )�x(

E��>F �H��X� �C E�>�<Pade >eJ}�� ��e��@� �Ie07� :C�e< 	

�C ����"  *"�I< #�e�5` >14 d� S
5Tr(s) U>e0� �eM
" �eC 

�C S
5T ;� >�`
LC )e�� ��e�] )�" . e� �ke( =�5e<r(s) �eC �
 

R��eeH< Vee\$ =] ;� � �">ee4 �ee�L6<  ee�LM #�8>1ee4 O5ee�6�

 @�  (�AB :C�< �C � ��*>` l�?h >e<�4 
�">eC ����"  H�>�< ����

)x(fA�C �J�
 �!J���� ;�  $5�6� S
5T .�C�eC >eA�" S
�eH$

 	�5J� [�� ;� �"�����)x(fA4:C�< "5M� >Y�f �C �PJe�Q< R1C

 	G�" O5� ��*�� �d:C�< ;�  $5e�6� S
5eT �eC 	)e�� ��JnJ? 

��B E�>�<  ����  � �"; �"5.��� �eC �eM5< �eC e\ ��eH(�g Ee_j 

<\ e�� ��8�7e� �Ie07� :C�e< #�>C #
�> "5e�]
q[	:C�e< �ke( 

 � �
 ����"  H�>�< ����@�  (�AB �C =�5< )�5� >�; S
5T:

)
t(∑
=

−λ≈
m

1i
iiA )xpexp()x(f

=] 
" �4piE_j i#��5` :C�< G� r(s) �λi
" S��M E�>F 

��L6<r(s))��  �LM #�8>14 �C.h� �C G; e4 )e�� >e4
" �

 e�@ S
5T [�� 
" � �"5C #
����? P!� �Kz1� �!�< E�>�< [��

 7� DK�0� E_j "5M�\">4 �8�50� "�6��  K.
"�\#�!K)�(

�<)q(Ee�>�< ��e��@�  (�AB :C�< � �Jj" ����@�  (�AB :C�< 

��� �"; :e�;5< �eC  *"�I< >J}�� d� KR\e� >���
�e? �eC �eC

EeeJ<>< 1.0=ν	5.0=ν�1=ν#�;� �eeC �=�5ee< >���
�ee? 

ν= 4b>A��\� �C ��� �1���� ��� .E�>�<Pade �C	�e�*
 
�4

�_�� d< �M
" �C � #��)m=2, l=1 ( )�� . e� �m@�� "5e�

4� E�>�< �4��� >� #�8>���
�? #�;� �C \�0� R:e�;5< �KK

)j" ;�  (5Hj RC�j )�� 
�"
5f>C 	Ee�>�< �eM
" �4  (�@ 
"

 �
LC =���B �� 
�����)�� .

F5���	�G�����PGLR -PAALR 

=��8 �e0C 
" �4 ��5`)�(#�!(�e� )eX< 	�e� �em@��

 �("�Q� �HY ��J!C #;��
�\�] =5�;] 	��� {>_�)p(�eC >e6��

 ? 
�J1C  (�>A��� �_C�
 d� �1���� ����e�] ^_e� de� �eC ��JnJ

 � "5� .:e�;5< �C ><�4 )(�@ 
" �K�M ;� �  K4 )(�@ 
"K	

=5e�;] �e�X< � �e!(�>A��� �H��X�ALR �e("�Q� 	)p(eC�
5eY

 )1J� R@ RC�j  KJKX< .���F P6@ ;� �!(�>A��� [�� #"�$ R@ 

)e�� 
�"
5f>C  �h�C 
�J1C  <�H��X� .[e�� #;�e� �"�eJ? �ke(

 � 
" ;��
�\�] =] ;� �"���e�� � �"5C  K�$ >Jg 
�"�
 P�1J� d

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
6.

26
.2

.1
0.

9 
] 

                             7 / 13

https://dorl.net/dor/20.1001.1.2251600.1386.26.2.10.9


������ ��� 	
��
��� 	�	����� ���� )���� ���� : ���!� 
" #"�$ #�!��
( 3�

=>�D59;����pdf 9
��
 KH�
>� �� =I�B ����� -
 �� Pade 

	��� 9�1.0=ν-4.0b =

=>� F59;���� pdf 9
��
 K=I�B ����� -
 �� ��H�
>�pade 

	��� 9�5.0=ν-2b =

=>�J59;���� pdf 9
��
 KH�
>� �� =I�B ����� -
 �� Pade 	��� 9� 1=ν-2b =

)e�� 
�5�" � R\7� LJ�  <��J�X< "
�5� 
"  �@ .
" [��>C�e�C

 J!C �H� #�8;��
�\�] ;� =���X� >��� =5n�8 LJ� �(��� [�� �e�

GLR �AALR � �"����� "5�]��[.

���AJ� 
�">C >`�s �*��
" 
�">C #�
 ;� y[Je�0< ML 

 � S
5T [�� 
" 	"5� �"; [Je�0< [�*>e` >em� 
" �C =�5<s

)MLŝ(�C
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1. pulse repetition frequency 
2. optimum detector 
3. average likelihood ratio 
4. pseudo-Gaussian 
5. spherically invariant random processes 
6. Farina, A. 
7. Conte, E. 
8. suboptimum 
9. generalized likelihood ratio 
10. Rezulski, M. 

11. Jakubiak, A. 
12. Gini, F. 
13. maximum likelihood 
14. approximated ALR 
15. Neyman-Pearson 
16. false alarm 
17. detection probability 
18. likelihood ratio 
19. high resolution 
20. low grazing angle 

21. pseudo-Rayleigh 
22. mixture 
23. characteristic function 
24. Amindavar, H.  
25. Ritcey, J.A.  
26. receiver operating curve 
27. signal to clutter ratio 
28. optimal linear detector 
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