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Abstract 

 

Moving target detection is difficult for synthetic aperture radar (SAR). As SAR is designed for imaging of stationary 

ground scene, the moving targets would be blurred and displaced in conventional SAR imaging. To increase the 

signal clutter ratio, the moving targets should be refocused while detecting. Based on relative range equation, one 

can refocus and detect the moving targets simultaneously by searching the relative velocity. This method has been 

derived and applied for side looking SAR. In this paper, we extend the relative range equation to squint mode. The 

procedures of the refocusing method are also illustrated. By introducing a parameter of relative squint angle, the 

imaging position of the moving target is derived. The refocusing method is validated by simulations. The moving 

target can be optimally refocused, and the refocused position can be parametrized by the relative motion 

parameters. 
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I. Introduction 

 

In the area of synthetic aperture radar (SAR) imaging, it is interesting to be able to focus the moving targets [1-3]. 

As SAR is designed for imaging of stationary scene, the moving targets are blurred and displaced in conventional 

SAR imaging. The targets would easily migrate several range or azimuth bins, especially for high-resolution SAR or 

fast-moving targets. Even the transmit signal frequency rate and the Doppler rate are exactly matched, the moving 

targets would be still defocused. To exactly refocus the moving target, not only the motion parameters but also the 

position parameters should be considered in the refocusing method. 

 

To resolve this problem, the refocusing method based on SAR imaging is introduced [4-7]. The moving target can 

be optimally refocused at a fixed position. In the processing, a set of assumption are needed. The moving target is 

assumed to be relatively static and fixed, and the radar platform is moving constantly. The parameters of the 

refocusing method are determined by relative motion parameters. Ultimately, the target is refocused at novel 

position. 

 

First of all, the range history of the moving targets should be exactly modeled. For side looking SAR, a relative 

exact range equation has been derived[8]. Here, we extend the relative range equation model to squint-mode. A 

detailed description of the novel model is presented. The procedures of the refocusing method are also illustrated in 

spatial frequency domain by using the imaging method of wavenumber domain algorithm. At last, the derived model 

and the refocusing method are validated by simulation results. 
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II. Improved Relative Range Equation 

 

For slowly moving targets, the slant range between the radar and the moving target is simply expanded as a 

quadratic Maclaurin series [2].However, if we use this range model, it is hard to totally compensate the range smear 

and the azimuth smear. Although we can refocus the moving target, the radial velocity and the cross-range velocity 

have to be searched and completely matched. Furthermore, the range modelin[2] neglects high order terms of the 

Maclaurin series, and the refocusing result is not optimal. To exactly focus the target and apply the frequency 

domain methods, an accurate signal model called relative range equation was introduced [4]. Using the derived 

parameter of relative factor, detecting and refocusing of the moving targets can be simultaneously accomplished. 

 

Assuming a target is moving constantly, its along-track velocity is v , and its cross-track velocity is v .At time 
0t , it 

moves to the position 
0 0( , )  ,so its coordinates [ ( ), ( )]t t  can be written as 

 

0 0

0 0

( ) ( )

( ) ( )

t v t t

t v t t





 

 

  

  
.      (1) 

Assuming the platform fly rectilinearly with a constant speed pv , the position of the radar can be written as

( ) px t v t .The range between the target and the radar takes on the form 

 

 
2 2( ) [ ( ) ( )] ( )R t x t t t    .               (2) 

At time
0t , the moving target moves to the position

0 0( , )  . For convenience, it is assumed that at time
0t , the 

moving target happens to be illuminated by the beam center of the radar. This is different with the time 
0t in [4] and 

[5] where it denotes the minimum slant range time. Considering asquint SAR with a squint angle q , the geometry of 

the squint SAR is illustrated in Fig.1.The coordinates
0 0( , )  and 

0pv t conform to the relationship

0 0 0 tanp qv t    . 

 

Applying the coordinates in (1) to equation (2) , like the broadside mode, a similar slant range expression can be 

derived 
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The factor is a key parameter 
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It combines the cross-track velocity and the along-track together. The factor can be considered as the normalized 

amplitude of the relative speed. We call it relative velocity factor. The expression (4) is the same with the broadside 

mode [8]. The coordinates ( , )s sx y represent the refocused position 

 

2

0 0 0 02 2

1 tan1
tan , .

q

s q s

u uu u
x y

   
    

  

  
   

     

 (4) 

 

The moving target will be ultimately refocused at this position. The expression of the refocused position is different 

from the broadside mode [8]. It can be seen from (3) that the variable sy denotes the minimum relative slant range.  

It should be noted that, in the above derivation, the velocity of the moving target is assumed to be constant. This 

assumption is usually sufficient for ground moving targets. Approximately, an accelerating target can be regarded as 

a constantly moving target in the synthetic aperture duration. 

pv
v

0t
0

v

q

0 0( , ) 

0 0( , )pv t 
0( ,0)pv t

 

Fig. 1: Geometry of the squint SAR with a squint angle q . At beam center crossing time 0t , the target is located at 

the position 0 0[ ( ), ( )] ( , )t t    , and the platform at 0[ ( ),0]=( ,0)px t v t . 

 

III. Relative Squint Angle 

 

3.1 Relative Squint Angle  

 

As shown in Fig. 2, we define the angle difference between the real direction of the platform and the relative 

direction of the platform as relative squint angle 
r  
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The real or original squint angle is q . A positive value of the cross-track velocity u  results to the subtraction of 

r from q , i.e. the equivalent squint angle e is 

 

e q r    .             (6)  

 

Using the relative squint angle, the refocused position (4)can be rewritten in another form 
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For broadside mode [8], ( , )s sx y reduce to 
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Fig.2: The radar platform is moving rectilinearly with a relative speed. The magnitude of the relative speed is pv . 

The relative squint angle is r . 

 

3.2 Equivalent Scan Angle and Doppler Frequency 

 

Like the scan angle in conventional SAR imaging, we define a novel angle called equivalent scan angle  
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It can be regarded as the angle between radar target sight line and equivalent bore sight line which is perpendicular to 

the relative speed shown in Fig.2. The Doppler frequency of the moving target can be presented by angle  
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    .          (9) 

 

where   represents the radar operating wavelength. The equivalent scan angle can be regarded as the angle between 

radar-target line and the equivalent bore sight shown in Fig. 2. 

 

It can also be seen from Fig. 2 that the Doppler centroid of the Doppler frequency is the Doppler frequency at time
0t , 

and at this time, the equivalent scan angle  equals to the equivalent squint angle q r  . 
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So, the Doppler bandwidth is 
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in which 
BW  is the antenna beamwidth. From (13), we can see the frequency bandwidth is determined by the 

relative speed, equivalent squint angle and the beamwidth. 

 

3.3 Amplitude and Angle of the Relative Velocity 

 

The relative factor   and the relative squint angle 
r  respectively denote the magnitude and the direction of the 

relative velocity. The factor   is mainly affected by the along-track velocity v .The relative squint angle 
r  is 

mainly affected by the cross-track velocity u
. It can be easily obtained from the partial derivatives of (3) and (5)

that 
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As the platform velocity is usually high, 1 u u   .We can see from (14) and (15) that the factor  is much 
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more affected by the along-track velocity, and the angle 
r is much more affected by the cross-track velocity v . 

 

IV. Refocusing and Simulations 

 

The SAR system moves along the flight path transmitting and receiving the radar pulses. The received signal is 

demodulated by a replica of the transmitted signal. Here, a point scatter is simulated. The intermediate frequency 

signal [9] after removal of residual video phase is 

 

 if

2 ( )
( ) exp j2 ( ) .c r r

R t
s t f k t

c


 
    

          

 (14) 

 

in which
cf denotes the operating or carrier frequency, and 

rk denotes the frequency rate. 
rt is the fast time or range 

time. By neglecting the fast time, the range curvature ( )R t  takes on the form 

 
2

2 2( )a p a s sR t v t x y   .                 (15) 

 

where 
at  is the slow time or azimuth time. 

 

4.1 Refocusing Method 

 

Perform Fourier transform to the signal (14) with respect to the azimuth position ( )a p ax t v t . A wavenumber 

domain signal is obtainedby using the stationary phase principle  
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in which
RK is the range wave number, and 

xK is the azimuth wave number 
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Thus, we can refocus the moving target using conventional SAR imaging algorithms like the wavenumber domain 

algorithm or others. The difference is that the relative velocity factor must be considered in imaging procedures. 

 

4.2 Simulation Results 

 

To validate our derivation and the refocusing method, a stationary target and a moving target located at the same 
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position are simulated. At time 
0t , the platform is located at  0( ,0) 600 ,0pv t m m . The squint angle is 30 deg, 

and both the two targets are located at  0 0( , ) 637.25 ,1000m m   .The pulse repetition frequency of the SAR 

is 500pf Hz  and the carrier frequency is 10cf GHz .The velocity of platform is 50 /pv m s . The 

along-track and cross-track velocities of the moving target are respectively 3 /v m s   and 2 /v m s  . That is 

the relative factor is =0.94 .  

 

After conventional SAR imaging, as shown in Fig. 3, the static target is focused and located at
0 0( , )  , and the 

moving target is defocused and shifted along azimuth. In this figure, the red dashed lines illustrate the boresight of 30 

deg and the perpendicular of the boresight direction. We can see that the range and azimuth direction of the static 

target go well with the red dashed line. 

 

After refocusing by using the method presented above, the moving target is refocused and located at

(627.8 ,1023.6 )m m . It is shown in Fig. 4. The relative squint angle 
r  of the moving targets can be calculated by 

using (6). It is about 2.4 deg. Thus, the equivalent squint angle 
e  is about 27.6 deg. The red dashed lines are the 

same with Fig.3. They illustrate the boresight with an angle of 30deg and its perpendicular. The moving target in 

Fig.4 is zoomed in Fig.5. We can see the angle difference between the boresight and the range direction of the 

refocused moving target. This angle difference is the relative squint angle. We can also see that the stationary target is 

blurred. The simulated results validate our refocusing method and analysis. 

 

V.  Conclusion 

 

By using relative range equation model, moving targets can be optimally refocused. In this paper, we extend this 

model to squint mode. By taking the relative squint angle into consideration, we extend the conventional wavenumber 

domain algorithm in SAR imaging to refocus moving targets. High range resolution and azimuth resolution like the 

SAR imaging can be obtained This is very attractive for SAR system boasting ground moving target indication. 

Simulations validate our derivation and the refocusing method. The simulated moving target is refocused at the right 

place expressed by the relative factor and the relative squint angle. 

 

 

Fig.3: Imaging of a static target and a moving target both located at  637.25 ,1000m m in a squint SAR. The 
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moving target is blurred and shifted in the SAR image. 

 
Fig.4: After refocusing by using the presented method, the moving target is refocused. It is located at a novel 

position    , 627.8 ,1023.6s sx y m m .The static target is blurred. 

 
Fig.5: A zoomed figure of the refocused moving target. The red dashed lines illustrate the boresight angle of 30 deg. 

The target is refocused and its relative squint angle is2.4 deg. 
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