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1 � Moving Target Indicator  
2 � Clutter 
3 � Phase noise 
4 � Phase code modulation (PCM) 
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2 � Fan beam 
3-Antenna pattern   
4 � Pulse Repetition Interval   
5
 � Surface clutter 

6 � Volumetric clutter 
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3 � Wind shear 
4 � Beam broadening 
5 � Turbulence 
6 � Fall velocity distribution 



  

$Y•φ [)�
� <&'3 V�
_ �4
� $�'�A 
� $X	� � 

dB3φ + ��� �(X 	� <&'3 ���' N�� J��(� �=�  �*��. 	� 

 D�F B'�2	�� ��%� � ��P� ��-
!OY ��
� $%�&'

 $P��	 t��P�)� (�
* �� uO��. 

�
X
� J�-6�� ���
' B'�L
� $L �%'3 6� 	���	 	� 

	�
�-' ���A "�)�+   $&��
��' ,�
��l! �>9  ,	
� $� J�

�	�� �
X� B'�L
� <2� 	� $&�
��. 	� B'�L
� ,�
��l! <2� 

 $� $1��� ?
1� M2 6� =&��2	� =9�
&� J�()9�� $'
�'


� 
-�� =���K! 6�� 
��l! ,	"�* )6�� G2
' (�  R4��

2�G���* �-�
� 
!OL D�F J��(� V.�  6�� G2
' $L �%'3  6

 $�=� $���� =&�/
� ?��@�� 6�� =� �
* �3 ��
!  ��9
! �	

$� � "�
L' 6�� �$'
 
!OY ��-  ��- ��
�' $���� . 6�� 
/�

 �	 6�� ���
')( tφ N2
�@� 
I' 	� + )( tφ ��2�
� M2 

=�
/ a26
! �� =���K!  ��
5� <�@'��� ��
/ D�F � 

���]�[.�� G2
' 6 +   ,��5! $I�9 ���� 6�� ���
' 6��

=� ���2	� � ?��	�  =��2 �*�� :      

)ff(                              )tt()t()t( d−−= φφφ∆       

$%�&' 	�]�[:      

)fp(                       ]
c

Rf2
sin4[.)f(S)f(S 2 π

φφ∆ =  

 
Y� �	�
� $&.' <2� ��� "��5&�� w
� �� $Y �2
;! 6�

 "���YY��
&)2O�  "��&�
� 	� 6�� G2
' ��G�� 	��)� G�_�'

���.  

  

��� ��� �� �	
���
 ������ )  ����� �� (  

 	� J6�� 	�Q*3 �(X 
I' �	
� ���-�

J�-	���	MTI�� "�2� <��6 J�	 
� 
;&)� ='+ �����
- ��-  

=� =@�X ��*��.$P;' 
I' �	
� ���-� $9�;� <2� 	�   J�

=� w
�  �'
* )���2 ?
1� "6��'� �� $)2�;� 	� �('3 ����� 

 M_
L���( .  6� $P;' Z2 �(�! ��- $.�2� $� $X
! ��

 $P��	 ��Y �� <*�	 �	 o�5!	� � ��� ���')q( ��
! �� �	 

 �*
' 
26 ,	
� $�  

)fq(                   )(u).(u.)( TaeTmnmn φφθγφγ −=  

                                                          
1 � Azimuth 
2 � Klystron 

 $YTT ,φθX 	� ��- ��2��6 [�!
! $�  � ��� �(

��*�� �� o�5!	� . ?
1� 	� ��- 
/�m ��
! �*�� �
� U�

 T�
&�Tmnγ "�
� ��- �	���	 T�
&� aP;� sP� 
��
� 

��� 
5� 
��
� ,	
K�2� 
�n 	� �.  

  

���  ������ �����������
 �	�����  

� ?��@�� ��
! �� �)9�� 	���	 Z2 	�        �9��	� T1&E

,	
� $� $2�� �'�� 	� 	���	]f[:  

)fr                       (ij

i

i
iT e.)

Tt
(.A)t(m φ

τ
Π∑

−=  

  ��� �3 	� $Y)
t

(
τ

Π ���(� �� �1�P&)� B9��τ  $���� �

� ����iii T,A,φ 6�� � $���� + ?��	� ���6 [�!
! $� 

B9��i��*�� �� U�  . �9��	� ?��@�� <��_ <&�
/ 
I' 	� ��

 W�6� $� �&��2	� ?��@�� $P��	 +B9��i 
26 ,	
� $� U� 

�23 ��	�]f[:   

)f~(

∑∑
−

=+
m n

T2jik
mnmkiR

ine).
Tt

().(.
L

P2
)tT,(m υπ

τ
Πφγαφ 

P + �9��	� k
� ��
!L|! [2
�� ��
! D��kt ���6 

B9�� ?��	� 6� "�* �
C�i�*�� �� U�  . $.�2� $� $X
! ��

$1�X ��	 ����iT $&*�>/  ��
� ,	�74 <2� �
* ��'

 �� ��(�&)��PRF �� 	�
� "��5&�� �	
� 
�l&� �2 � ���A 

�
�/.m,k 	� �	��
� $'
�' � Z�.5! B2�'� [�!
! $� 

 ,�
��l! "����� $� �('3 ,�
��l! $1��� � "�
� �
� �(X

�	�� �@&)� 
I' �	
� . � Z�.5! $1��� $Y ��� [����

��*�� ��).2 �
� �(X 	� �	��
� $'
�']f[ .<��#�-n 

 �3 ,�
��l! "����� � "�
� B'�Y
� B2�'��� $� $X
! 

�
* �� }E�� ��- � 
!OY D�F.  

B2
!�� ��9
! J�
���-  
!OL 6 <�� ��	�� � a26
! w
� ��

 =12�	 $����+ ��&�� Z2 B2
!�� ��-
�l&� 0��*T1&E�  

 0;&)� ��
/� "�* ��9
!  
P� 
- 	� �
&� � U
1�� ��

��
! D�F =9�@_ ��
�)�
* �� w
� ��
/ $Y( $� 	��� 

	��
� D�F =-� 0Q* 	� 
!OL  � ��� � �&��	 �
�

 �
� N�-�
�]� .[ 6�� $� 6�� G2
' ���G�� � ��9
! �� BC�

� +  �- $'
�'�
* =� ��9
! 
!OL B2
!� . G�' ��- ?��@��



  

 $� � "�* ��9
! ��- o�5!	� � �4
� + $1��� $� $X
! ��

 ��- $1��� $� $X
! �� 
!OY B2
!�� x�� ��-
P�

�'
* �� $����.  

 
������  ��	
� �� 
���Staggered PRF] p [  

 �� 	
Y �4
� �� $1��;� 	���	 	� N(� 0y�)� 6� �.2

�*�� . ]�	 <2
! �y��&�� V2�G�� 	
Y �4
� V2�G�� ��
�

PRF�* �-�
� 	���	 �
� V-�Y R4�� 0�4 <2� ��� ���  .

 �
� "�
�- $� ��26 	
Y �4
� �� $&��
� + 	���	 Z2 	� 
/�

 �� �*�� �� ��1�PRF ���A N2	
� ��
� 0.�� $� . 6� �.2

 Z��.! 6� "��5&�� $1S)� <2� 0� ��(*�	Staggered PRF  

�*�� �� . �! �� 6� ���Y w
� ?��� ��
�PRF N��Y "��5&��. 

 [2
� $Y �&�� �� m�5!� �'��6 	
Y �4
� �9�� <2� 	�

 6� �����PRF 6� ����� [2
� �� ?�� PRF  U��

��
/ 
��
� ���2 2211 PRF.nPRF.n =.  

  

��� ���� ���� 
���� ]p[  

 "�!
Y B9�� w
4 <&*�� ��2�G� 6�         + Z�.5! ���

 
!OY V-�Y � �
� �(X 	� ��
! �3 ��(7�4 <2
&�(� 6� �

 ?��	� �(X \�� Z���*�� �� . B9�� �6�� "�
�� �*�	

 <&*��' ?�� <�4 	� � "�!
Y B9�� ��2�G� 6� "��5&�� ��
�

� �3 v
�4�� . + B9�� �6�� "�
�� ��(*�	 6� �.2

��� 6�� "�* �Y �
��\���$Y  $� B9�� w
4 0Y N 

 w
4 �� B9��
26τ B9��
26 
- 6�� � "�* N�);! 0 �2

π��
/ �� v�E&'� . ]p[.  

  

������� ��	���  !�"�� #$%� ��   

 ��	�3 ���� $1S)� �
�L� 	���	 =&��2	� ?��@��

J�(�� ��2�� G2
' $&��2�
� � �� �3 0��Q! 2�� �̂�
� 

$'
�' � �	 G2
' J�-3 $�
L $���� � . 6� ��
! �� �	 G2
' ��
!

�
�' $7���� 
26 $P��	]�                                           : [         

)f�(                                               BKTP sn =  

 �3 	� $YK + <�G&9
� ���A B � 	���	 "�'
�/ �'�� ���(� 

sT�*�� �� G2
' 0Y ?���� ����  .sT 
26 $P��	 6� 

���� �
* �� $7         :                

)f�(                              )1NF(TTT r0antennas −+=  

 �3 	� $Y
antennaT � <&'3 ���	� G2
' ���� 0T 
��
� 

K2900 � 
rNF�*�� �� "�'
�/ G2
' ��4 .
'  N&)�� G2

 �'�� ���(� �� "�* 
&1�� ��
/ ��5� G2
'B ��
! $Y ��� 

�*�� �� $7���� 0��� 
Y>9� m
� $P��	 6� �3 . $�7* ��
�

 �
2
� �� $1��� ��(9
1� 	� ?��@�� �6��
PRF

1
Tp = 6� 

��
/ �� �	��
� $'
�' G2
' <2� �
_ � 
B

1Tp >> + ��� 

 ��2�
� � "�* 0;&)� 
@2�.2 6� 0��� ��- $'
�' <2�
����

��� ��
/ ��2�
� Z2 0��� ���6 $&))/. 

  

��������	 
�� 
���� ����� ��� ����  

�� ���2	� 6� B� ?��@�&�/6��<&'3 T�
! +   <2�

 D1&E� J�(�E� 	� ?��@��RF � IF 
A� $L "�* �2
;! 

�L �2
;! <2�
� $� �- "�� ,	 �2
;! G2
' ��4 � "
(�

"���L =� ?��4� ?��@�� $� �'�
/ . 	
I�� $� <��#�-

 $� {
�
� =&�/
� J�()9�� 
A� 	� "�'
�/ o�7*� 6� J
�/
1X

6� M2�G' 0��
� STC � =� "��5&��  �
* ."���L ������ G�' 

�'
�/ �I���� � T1n 
2�3 ?��&�� V-�L �(X �	
� "

=� 	�
� "��5&�� �
�/. B� 2���  J�	 G�' �-���� <2� 
A�

�� =&��2	� ?��@����� �
* c��9 .  "�'
�/ 	� <��#�- +

��(Y
1�6�� 6�� 	�Q*3 +  D/A +   	�
Y�) ,	
� 	�

 B9�� �6�� "�
�� ( 
&1��MTI + 6��	�Q*3  � 
�@9�
@&'� 

G�'=� 
�Ab! =&��2	� ?��@�� J�	   ?��4� 	� ��� $L �'	�>/

�('3 
A� J	�
�  ���]�[.  

��  �����
��	 ���!  

� $9�;� <2� 	� J6�� $�7* 6� ��- ?��@�� "�-��

 	���	 Z2 ��
� �(Y
1� 6� Z2 
- �X�
� �
� 	�����  $L

 �'�� 	�L=� 	�L  ��L )0.*)f((.  
� "�O4 <2� J�	�� $��'
�

 
!OL =2
2��	 aP;� sP� T�
&� 
�I' J
@2� J�(�X�
�


! "�* "��� �6� =�P��
� [)�
� <&'3 ���' T�+  

 B'�L
� D�F ,�KE�� 
!OY � =�P� + ��%� $����

 D1&E� ,�;7F 6� M2 
- =X�
� � J��	� ?��@��

                                                          
1 � Sensitivity Time Control 
2 �Limiter  



  

=� �
� [)�
� "�'
�/ �*��. 0Q* )p(   <&'3 ���� $� ���'

�-� �� ���' �	  $� o�5!	� � ��� �(X 	� N�� ���(� $Y 

 [�!
!p �f���� $X	�   .�]
$�7* ?��@��  � "�* J6�

 	���	 M2 J�
� $2�� �'�� 	�MTI"�2�   �� ='��PRF T�
&� 

Hz2.408 � B9�� J��(� sec5.6 µ)=� �
� $L   � N��'

��Y [�!
! $� �3 N�2Gkm15 � km300���   ���(� �

 ��%� � ��P� 
!OY �'�� $� �7)'PRF [�!
! $�0.03  

0.3 , [�!
! $� �('3 �GY
� B'�Y
� � 0 , 0.2��� (  �	 	�

 M2PRF=� ���'  �-�.  0.* $� $X
! ��)q (]
� + 

 ?��@�� �	�� B.4 �7)' $1��� �� �&��2	� �!	�74 $�  +

 	�� U�)X� v�!6�� 6� 
&2
� + Z2�G' U�)X� 6� ��/6��

 ����>9 6� "��5&�� �� STC  1P��' 
A� <2� �� �>� �	 v


N��Y .0.* 	�)r ( + �X�
�]
� 6��	�.*3 $)2�;� 6� 07� 

$'�&�3 sP� �����A   $1��� <��50 km �!  150 km N�	

 "�*$Y ��- Z2 	
|�  
1��� B'�Y
� ��2300 Hz  �

 �	���	 aP;� sP�5 m 2 �  $1��� 	112 km  O��Y

��� }E�� .  

 Z��.! 6� 	
Y �4
� V2�G�� ��
�Staggered PRF 

N��Y �� "��5&�� . �9�� <2� 	� "��5&�� �� B'�Y
� �� 6�

400 Hz � 416.7 Hz  B'�Y
� �� ?���� 	
Y �4
� <�9��

 
1���10 KHz�
� �-�
� .0.*)~ ( 6��	�.*3 �X�
�

 �� ?���� 
1��� B'�Y
� 	� ��- Z2 ��
� �	 ]
�2041 

Hz )	� $Y�9��408.2 Hz � �>�=�*  (  ��.� ���- 	�

� ���' �17��-� �.  

 ]�	 6� �
� �(X 	� Z�.5! V2�G�� ��
�

N��Y �� "��5&�� 6�� "�* �Y �
��\��� . 6� �9�� <2� 	�

 
Y	�� �Yfq 6� B9�� w
4 �>9 � "�
�' "��5&�� =2�!  

sec5.6 µ $� sec5.0 µ ���2 �� V-�Y . Z�.5! $%�&' 	�

$� �
� �(X 	� �~ 
&� ��	 �� .* 0.)� ( �X�
�

 ��
� �	 ]
� 6��	�.*3p N- 	��Y ��-  ��q�� $1��� 
&� 

�-� �� ���'.  

 
2�3 d
' ��7�!nT1)CFAR1( Z2 $y�	� � 	���	 	� 

 
��l! 
!OY ��
! 	� 
��l! �� $Y v
� T1n 
2�3 ?��&��

��� 	���	 
@*6��
� ���-� <2
&�(� 6� ��.' . �.26� 

                                                          
1 �Constant false alarm rate 


@*6��
� �(X [���� ��-CA-CAFR �  ��� $Y ��
�

 <@�- T���)$Y � ��).2 a26
! ��	�� �	��Y ��(9
1� 

��*�� 0;&)�(��� $��(� ]f�[.  
@*6��
� <2� <��E! ��

 ��
! �	��Y ��(9
1� ��	 6� G2
'+  �	 $'�&�3 sP�  +

0.* t��P�)�( + �-� �� 
��l! �;�� 	
F $�. 0.* 	� )� (

 + 
@*6��
� <2� �X�
� �	 t��P� ���	� w
� �� 0.*

)~ (�-� �� ���'.  

  

"�
��# �$���   

 �� �-	���	 ��
���+  �(X �(�&)�� <2� �6�� $�7* 

��	 �� 
I' $� �	�
� �('3 0�1�! . $�7* $9�;� <2� 	�

 	���	 Z2 �6��MTI <��6 ��	 
� 
;&)� =2�
- ��� "�2� 

��
/ 	�
� ��	
� �	
� . �6�� $�7* 6� ��-+   "�-���

� Z2 
- �X�
� ��(9��@�� �(Y
1� 6	� D1&E� T2�
* 

 6� T1n 
2�3 d
' ��7�! �(X $���� 	� � "�
� T���

 
@*6��
�CA-CAFR�* "��5&��  . �� $1��;� �(X

"��72
� ��-
�X� 	
Y �4
� V2�G�� �  + $� 	��� 6�� $�7*

Z��.! 6� "��5&��Staggered PRF + "�
�  ��
� <��#�- 

 �
� �(X 	� Z�.5! V2�G��+  �� 6�� $�7* �'�
! 6� 

 "�* �Y �
��\��� ]�	 $� B9�� �6�� "�
�� Z��.!

6����Y "��5&�� .  =23	�Y ��	
� �(X $Y ��� 
Y� $� U6\ 

 [)� 
� �	 T1n 
2�3 � �6��	�.*3 ?��&�� ��
! �� 	���	

 �
Y N�	 $'�&�3 sP�]�.[  

  
���)� (��� ��	
 ��
� ����
 ����	�� ���� 

                                                          
2 � Cell-Averaging CFAR 
3 � Deception jammer 

Th
<
>

 

A/D 
MTI 

filter 

Phase Det. Integrator 

90

coho 

A/D

MTI 

filter 

Phase  Det. 

22 QI +

Integrator 

Limiter 
RF  

Amp 

IF 

Amp 

STC Limiter 



  

  
���)� (  ���� ���� �
 �	!� 

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

  

  
���)* (+�# �	
$	��� ,-.�/ %	&'�
  

  
���)0 ( �������� �	
�� 
��������� ��  Staggered PRF  

  

���)1 (+�# �	
$	��� ,-.�/ %	&'�
23	4 $�  PCM 

  
���)5 (� 2�
67 +.�� 8�9 ��:� ;�CA-CAFR 

  
���)< ( ,-.�/ %	&'�
CA-CFAR 

�������   

]�[ -Mitchel R.I. , Radar Signal Simulation , Artech House , 1976.                                                                                           

]�[  -Skolnik M.I. , Introduction to Radar Systems , New York , 

McGraw-Hill , 2001. 
]"[ -scheleher D.C. , MTI and Pulsed Doppler Radar, Artech 

House , 1991. 

]*[=       > 	?$ �!@A > B	�	7 �����     ��� 	
�� �� 
����� 
��
����� 
��� 

����             �	C!�	�� > B	DEF� ,��&F �	'G��� > H�� ,
�&DA ����I� �3	
$ > 

�"55.  

]0[ - Sarno G.C. , " Modeling of radar clutter " , IEEE , 6/1-6/9. 

]1[ -Jonggil L. , Ernest G.B. , "Phase noise effects on turbulent 

weather radar spectrum " , IEEE , pp.345-348 , 1990. 

]5[ -Mervin C.B. , Mickie P.B. , "Range correlation effects in 

radars" , IEEE , pp.212-216 ,1993. 

]<[=   > �!4� > ,&�K     ����� ������ 
���� ����        ,C
	&�$	I �CA	� B	C�	# > 

 ���$.�L > B	DEF� ,��&F �	'G��� > H�� ,
�&DA ��$��"1<.  

]�[ M > ,N�� .M > ,�	A� >". �	P$���$ ��	# ��	� %	&'�
 ��	
 ��
�

 ,&�A� 2
Q��A "	'G��� > B���� H�� ,
�&DA R���E&I ��!P� > > S��
7 �

 > �.� ��-�"<� .  

]�T[=B	�!�P����   > 	
�� >             
���� ����! "#� ���$ ������ # 
��� %���&

  '�(�CAFR  ����� ��              > H�C� ,C
�&DA �C�$� ,C
	&�$	I �A	� B	�	# > 

 > B	DEF� ,��&F �	'G����"5<.  

  

 
  

  

∑ ×

c 
k 

Elevation Azimuth 


