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1 Synthetic Aperture Radar(SAR)  
2 2-D Analytical Signal Spectrum for a Point Scatter  

3 Principal  of  Stationary  Phase  (POSP)  
4 Slant Range  
5 Range Doppler Algorithm (RDA)  
6 Chirp Scaling Algorithm (CSA)  
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5 Grazing angle  
6 Fast time (Range time)  
7 Slow time (Azimuth time)  
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9 Secondary Range Compression (SRC)  

2 2
2 2

2
2

( )

1 1
2 2

1
2

n x x n y y

z z

R

x v a y v a

h v a

2 ( ) ( )( , ) exp 4r az
R Rs w j
c

)2( 

)1( 

 1.  SAR         
       x y z 

0f f

2 3

0 0 0 0 0

1 1 1 + ... f f f
f f f f f f

)3( 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

39   –     ..........           

 

 

                      .       
            .         

     .                       
 )      .7.  ( 

     )          8 (
                  

      .         
-      ) .Rcen k1 k2 k3  k4     

     .( 

                           
           )        9    ( .

                          
                        .          

   –   . 

     -              .  
)  10                (

            
     .      -    

                   
 .   

 )         11     .  (
                 

 . 

                 
  RDA     .2  -   

 )RDA                     (
          1   )FT (

     .   RDA      
  SRC        . 

 SRC                2   )RCMC          (
 3  4         

1 Fourier Transform (FT)   

2 Range Cell Migration Correction (RCMC)  
3 Range Compression  
4 Azimuth Compression  

2 3

2 2
0 0 0 00

21 1 1 3 4 ...f f f
f f f ff f

2 3

3 3
0 0 0 00

31 1
1 6 10 ...

f f f
f f f ff f

)5( 

)4( 

,

+ , , .

rg az

rcm src res

f f f f

f f f f
)6( 

2

rg
r

ff
K

)7( 

2
1

2 0

2
2 2 33 1

13 2
2 0 0

2 2 2 3
3 2 3 43 2 4 1 1
15 2 3

2 0 0 0

12 2
4

3+ 3
8

9 4 6 4+ 4 +
64

az
cf k f f

k f

k k c ck f f f
k f f

k k k k c k c ck f f f f
k f f f

)8( 

2
21

2
2 0

3 2
2 33 1 1

3 2 3
2 0 0

2 4 2 2 3
2 3 43 2 4 1 1 1

5 2 3 4
2 0 0 0

1, 2
4

3 2+
8

9 4 6 8 3+
64

cen
rcm

R k cf f f f
c k c f

k k k c cf f
k c f f

k k k k k c k c cf f f
k c f f f

)9( 

2 3
2

2 0 0 0

2 3
23

13
2 0 0 0

22 3
3

0 0 0

22
23 2 4

1
0 0

, 2
4

+ 3 -
8

3 -4

9 4 6
64

src
f fcf f f

k f f f

k f fck f
k f f f

f fc f
f f f

k k k fck
f f

3
3

0

2 2 3
3

1
0 0 0

3 2 3
4

0 0 0

+4 3 4

 + 6 10

f f
f

f fck f
f f f

f fc f
f f f

)10( 

2 3
0 31 1

0 03
2 2

2 4
3 2 4 1

05
2

12 +
4 8

9 4              
64

res cen
f kk kR f f
c k c k c

k k k k f
k c

)11( 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

40  -  »«    3  1393 

     .2   RDA     
       :    

1-              
        

2-      SRC    
Hrg   Hsrc   )  12  )  (13        (

. 
3-                

. 
4-             

  Hrcm  Hazc )  14)  (15             (
. 

5-             
           

 

 

 

 

 

4  .  
 ]        10   [

     .         .
 )      1            (    

                      .
    2    ]  10     [SAR    

 -     .3    
 (xn,yn)                .

(xn=0, yn=200)   SAR         

  1       .1       
 CPI1  2 .  

 ) 4-    (SAR        
                    

  )  2  (      .                
 )  4-    (     ]    10      [

       1                  .
 )   4-   )  (4-   (              

 ]10   [                           
(xn=0, yn=200)            

           .     
       5        

exprg rgH j f

exp ,src srcH j f f

exp ,rcm rcmH j f f

e x paz azH j f

)12( 
)13( 

)14( 

)15( 

 2 .   RDA       
   

   
  m0/5 

 0xvm/s1500 

  GHZ10 
 0 yvm/s 60 

  MHZ30 
 0 zvm/s 2500- 

  s20 
 xam/s2 5- 

   HZ1400 
 yam/s2 1 

  MHZ100 
 zam/s2 10- 

  t=0 )h( km45 CPI sec1 

 1 .         

 3.                       
        1 

( , )n nx y

1 Coherent Processing Interval (CPI)  

2 Observation time  

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

41   –     ..........           

             .   )5-  )  (5- (
           

 ] 10   [ ) 5-  )  (5-   (       
                 

    .  2         
         PSLR 1 

    (       )ISLR2      )
        .    (     

    2          
   3  ]  10         [

                               
    ]  10          [

               .  
            

 .    )5-  (   )5-   (  
    .           

        .    
            

  )  .6-        (4       
 )        6-           (

   )   .7  –     (SAR    

           
 )     7-    (SAR      

   ]  10      .    [
 )8   (SAR            

         ) )      8-          ((
  ]  10  ) [8-     .    ((  

 )   8-    (        
  ]  10  [           
 4                    

     5  ]  9 8      [
  6 . 

           
          )   .6- (

   16            
  )   .9-    (SAR         

                           
                   )    9-               (

     ]  10         [
. 
 

1 peak side lobe ratio (PSLR)  

2 integration side lobe ratio (ISLR)  
3 Typical  

( ) ( ) 

 4.  SAR             ( ) )        
     ( ) ]   10 (.     [ 

 Azimuth Range   
 - ISLR (dB) PSLR (dB) ISLR (dB) PSLR (dB) 

     4/53- 3/95- 7/85- 12/2-   

    10/02- 13/28- 9/27- 15/56- ]  10[ 

- 17- 13/3-  20- 17- 13/3-  20-  RDA  ]12[ 

 2.    SAR                  

4 Skew  

5 Shearing  
6 Offset  

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

42  -  »«    3  1393 

 

( ) 

( ) ( ) 

 5.                   ]   10  ) [
 (( )    ( )  )    ( ( )    ( ) 

( ) ( ) 

                           6.    )      ( )  ( ( )  

( ) 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

43   –     ..........           

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-1     .           
 

 7.  SAR               ( )       ( ) 
 ]   10 [ 

( ) ( ) 

( ) ( ) 

 8.  SAR                    ( ) 
    ( )  ]   10 [ 

( ) ( ) 

 9.  SAR               ( )       ( ) 
  ]   10 [ 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

44  -  »«    3  1393 

  10  SAR         
            

  ) )    10-                  ((
 ]  10       ) ) [10-               .    ((

 )    10 -   (            
 .   

               
      .   1        

           

             
               

        SNR      
          . 

11  12  SAR                  
               

        SNR   30-      35- 
   .      

 

( ) ( ) 

 10.  SAR                    ( ) 
    ( )  ]  10 [ 

( ) ( ) 

 11.  SAR                 SNR 30-   ( )35-   ( ) 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

45   –     ..........           

  11  12           
    35           

         SNR   
35-                     

           .     
                 .

               
         SAR   

                 
        .   6    8        

    SAR               
            

 SAR            .   
   8             

SAR        
     SAR         

.        
5   . 

      RDA           
     .           

                
 -           .     

                 
  RDA     .        

       .       
    RDA            

          -            
-         .  

             
           

                      .
               

      .      
                    

              
       SAR           

                 .        
         .  

          

       SAR      
                   dB 30-   =SNR             

dB 35-   =SNR             
. 

 1:(    ) . 
       RDA    

              
 ]    2 8 9                 .[

                   ]8 [
           .   

]      8 9 10           .[
       )  16   (    

   Rcen k1 k2 k3  k4             .
   ]   (     )    8  .[

  3                  
       1     

     .  13         
                    

     1 .    
2 3 4

1 2 3 4cenR R k k k k )16( 

    
       

    
 m67095  Rcen 

      m/s2727/2- k1  
    m/s23/8301- k2  
-  m/s30/0016- k2  
-  m/s40 k2  

 3.         

 13.           
       

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

46  -  »«    3  1393 

                  
  1                 .

    )  17  (]8  .[ 

 
 )      18              (

               .  
)       17)   (19    (

]8.[ 

           f0   
   f                .   

 )  f  )     (  (   )  20 (
]8  .[ 

                         
 ]8 10   [    f   .                                                

                                                
       )     .19    ) (20        (

 )21                          (
 )  22  (            
]   8  .[ 

                
  LRCM                                                      

     )    22  (  )  23     (

                  .
  Kr                                                 

) 24  (]8 9 10 11.[ 

8 . 
[1] C.W. Davis III,"The Airborne Seeker Test Bed”, The Lin-

coln Laboratory Journal, V. 3, No.2, pp. 203-224, 1990. 

[2] B. Deng, X. Li, H. Wang, Y. Qin, and J. Wang ,” Fast Raw
-Signal Simulation of Extended Scenes for Missile-Borne 
SAR With Constant Acceleration”,  IEEE Geoscience and 
Remote Sensing Letters, Vol. 8, No. 1, pp.44-48, January 
2011. 

[3] W. Weiguo, Z. Yinan, Q. Xiaolin, “A Review of synthetic 
Aperture Reader Seeker Related Technology Research.”  
Key Engineering Materials, Vol. 460-461, pp.83-89, 2011. 

[4] Y. Yi , L. Zhang, N. Liu, X. Liu, D. Shen. “Imaging algo-
rithm for missile-borne SAR with diving acceleration 
based on series reversion,” Systems Engineering and Elec-
tronics, pp.2863-2866, 2009. 

[5] Y. Yi , L. Zhang, X. Liu, N. Liu, D. Shen. “A Large Scene 
Imaging Algorithm for Missile-borne Side-looking SAR,” 
Journal of Electronics & Information Technology, pp.587-
592, 2010.  

[6] Y. Qin, J. Wang, H. Wang, X. Li. “Range Doppler Algo-
rithm Based Missile-Borne SAR Imaging with Diving 
Maneuver,” Journal of Electronics & Information       
Technology, pp.2563-2568, 2009.  

[7] L. Fang, Y. Wang. “Signal analysis and motion compensa-
tion of SAR data with diving acceleration,” Journal of 
Electronics & Information Technology, pp.1316-1320, 
2008. 

[8] Y. Lam Neo, F. H. Wong, and I. G. Cumming, “A Two-
Dimensional Spectrum for Bistatic SAR Processing Using 
Series Reversion,” IEEE Geoscience and Remote Sensing 
Letters, Vol. 4, No 1, pp.93-96,  January 2007. 

11
( )2 ( )( , ) exp 4A r a z

RRs w j
c

)17( 

2 3 4
1 2 3 4cenR R k k k )18( 

0 1' , exp 2A r az

f f R
S f W f w j

c )19( 

rW f

2 3
2 3 4

0

2 3 4 ...c f k k k
f f

)20( 

3
1 2 3A k k5 2

3 2 3 2 42A k k k k

1
1 2A k

azW f

2

1 1
0 0

3

1
0

c cf A f A f
f f f f

cA f
f f

)21( 

0
1

, exp 2  

2
               exp

A r azS f f W f W f j f f

f f
j R f

c
)22( 

1 linear range cell migration (LRCM)  

,AS f f

( , )s

( , )s

,f f

1
0

,

exp ,r a z

S f f

kW f W f f f j f f
c

)23( 

0

22
1

0
2 0

32
3 1

023
2 0

3 2 4
3 2 4 1

035
2 0

,

+2
4

+2
8

9 4
+2

64
                   +

cen

r

f ff f R
c

f kc f f f
K k f f c

c k kf f f
ck f f

c k k k kf f f
ck f f

)24( 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

47   –     ..........           

[9] Y. Lam Neo, F. H. Wong, and I. G. Cumming, “Processing 
of Azimuth-Invariant Bistatic SAR Data Using the Range 
Doppler Algorithm,” IEEE Transactions on Geoscience 
and Remote Sensing, Vol. 46, No.1, pp.14-21, Jan 2008. 

[10] L. Zhichao and L. Youxin,”Research on Imaging Algo-
rithm for Diving Missile borne SAR Based on A Curve 
Trajectory”, IEEE , 2012. 

[11] Z. Wang, X. He and B. Tang, "Imaging Algorithm of Mis-
sile-borne SAR in Diving and Squint Mode ", IEEE, 2013. 

[12] I.G. Cumming , and F.H. Wong ," Digital Processing of 
Synthetic Aperture Radar Data Algorithms and Implemen-
tation ", Artech  House, Remote sensing library,2004. 

[13] W. G. Carrara,  R .S. Goodman, and R. M. Majewski . 
,"Spotlight Synthetic Aperture Radar ", ARTECH HOUSE, 
INC,1995. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[14] C.V, J.Jr, D.E. Wahl, D.C. Ghiglia, P.A. Thompson, and 
P.H. Eichel, " Spotlight Synthetic Aperture Radar”, Kluwer 
Academic Publishers ,1996 . 

[15] M. Soumekh ,"Synthetic Aperture Radar Signal Processing 
with Matlab Algorithms ",JOHN WILEY & SONS,1999. 

[16] M.A. Richards, "Fundamentals of radar signal processing 
", McGraw-Hill, 2005. 

[17] H.  Xie,  H.  Zhao,  Q.  Fu,  “Taylor  expansion  and  its 
application in missile-borne SAR imaging,” APSAR, pp. 
426-430, 2009. 

[18] M. Y. Jin and C. Wu, “A SAR correlation algorithm 
whichaccommodates large-range migration,” IEEE Trans. 
Geosci. Remote Sens., Vol. GRS-22, No. 6, pp. 592–597, 
Nov. 1984. 

www.SID.ir

