
 An Equivalent Range Model Based on Time Resampling for High-
Speed Maneuvering Platform SAR 

Anyi Wang 1, Xiaoyang Jiao 1, Ping Guo 1+ and Chunhui Lin 2 
1 College of Communication and Information Engineering, Xi'an University of Science and Technology, 

Xi'an 710054, China 
2 National Laboratory of Radar Signal Processing, Xidian University, 710071 Xi'an, China 

Abstract. For the high-speed maneuvering platform SAR, the high-speed state will lead to stop-go 
assumption invalid and the forward acceleration would severely reduce the depth of focusing field in azimuth,      
thus the traditional range model with stop-go assumption will be ineffective. In this paper, the accurate range 
history is derived in a geometric configuration for high-speed maneuvering platform SAR and a new range 
equation is derived by transformation of bistatic to monostatic survey. Based on the new range equation, the 
azimuth time resampling is proposed by which one can obtain a simplified range equation with a form similar 
to that of the conventional SAR case. Then the typical imaging methods can be applied directly without any 
modification. Simulation results verify the effectiveness of the proposed method. 
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1. Introduction
As an important technique of terrain observation, the synthetic aperture radar (SAR) on high-speed

maneuvering platform is chartered by high velocity and high acceleration and offers flexibility in designing 
missions. The two dimensional high resolution imaging of interested area can be obtained by adjusting the 
moving trajectory and beam steering. With its great potential, SAR on high-speed maneuvering platform has 
attracted attentions in recent years [1]-[5]. However, the velocity of high-speed platform can be as fast as a 
few Mach, which is much larger than the traditional platform. Thus, the conventional range model which is 
based on the stop-go assumption is invalid. In addition, the large spatial three-dimensional acceleration 
would introduce phase error on the received raw data. The non-uniform sampling in azimuth direction and 
the large spatial three dimensional acceleration which not only affect the space-variant and the Doppler 
bandwidth but also strongly impair the final image quality in terms of geometric distortion and radiometric 
resolution losses [6]-[7]. 

In [8], the relative motion is divided into three categories during the SAR data collection. In the 
traditional case of SAR on airplane platform, the velocity of platform is only 100~400 meters per second, 
even a few ten meters per second, such that only the motion occurring between successive transmitted pluses 
is considered  in many applications (It is can be called as stop-go model). For high-speed platform, the 
imaging results will deteriorate with stop-go assumption, the error of stop-go assumption is analysed and the 
new range model is proposed [9], but the acceleration is not taken into consideration. In [10], the effects of 
acceleration on SAR focus processing are studied and the focusing algorithm is given, which is based on 
stop-go assumption.  
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This paper will take the effects of stop-go and acceleration into consideration and propose an equivalent 
range model based on azimuth time resampling process. The accurate geometric configuration of high-speed 
maneuvering platform SAR is constructed firstly. According to the geometry, the range history is derived 
and the error caused by stop-go assumption is given. Then, based on the transformation of bistatic to 
monostatic survey, a new range equation is obtained. Using the new range equation, the azimuth time 
resampling method is proposed to resolve problems caused by the acceleration and an equivalent range 
model is presented, with which the typical imaging methods can apply directly without any modification. 
Finally, the simulation will verify the validity of the distance model. 

2. Geometric Configuration And Signal Model 
The geometric configuration of SAR on high-speed platform which works in spotlight mode is shown in 

Fig. 1. During the synthetic time, the high-speed platform moves along with trajectory l . O  is the rotation 
centre. Assume that the radar transmits and receives the same radar pluses at the moment tT  and rT , 
respectively tR denotes the instantaneous range vector from radar to O at moment tT , and rR is the 
instantaneous range vector from radar to O at moment rT .   

 
Fig. 1: The accurate geometric configuration of high-speed maneuvering platform SAR. 

The slant range distance between the radar and rotation centre O  is  

 = +R Rt rR  (1) 

where the Rt  and rR  can be expressed as  

 +R R 21= +
2t ref t tT TV A  (2) 

 +R R 21= +
2r ref r rT TV A   (3) 

where Rref  is the reference slant range vector at aperture centre moment (ACM), V denotes the antenna 

velocity vector at ACM, A  represents the antenna acceleration vector at ACM. 
Assume that the propagation speed of the radar signal in the medium is the light speed and the incident 

wave is reflected instantly by the target, the time interval between tT  and rT  is equal to the propagation time 
of the wave between the transmitter and the receiver passing by the target. According to [11], the interval 
time τ  between tT  and rT  can be given as 

 − ≈ R= 2r t tτ T T c  (4) 

Thus the expression of receive slant range can be presented as 

 ( ) ( )+≈ + +R V A+
21

2refr t tT τ T τR  (5) 

After obtaining the expression of receive range history, (1) can be replaced by  
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2 2

=ref ref t t reft t tT T T T τ T τR  (6) 

It’s noticed that the range history of monostatic SAR on high-speed platform is similar with the one of 
bistatic SAR in (6). The imaging algorithms for bistatic SAR can be directly applied in the case of SAR on 
high-speed platform. However, it’s difficult to obtain the analytical expression of SAR on high-speed 
platform in Doppler domain based on (6). And the derivation of 2-D spectrum and imaging algorithm based 
on (6) will be greatly complex. A novel method, called transformation of bistatic to monostatic survey, can 
be applied to solve this problem [12]-[14]. The core thought of this method is to transform echo data of 
bistatic SAR to the one of monostatic SAR. Then imaging algorithms for monostatic SAR can be applied to 
obtain the images for bistatic SAR. Here a similar method is utilized to simplify (6). 

It’s reasonable to assume the movement of high-speed platform is uniform linear motion during the 
transmission of the pulse signal and the reception of the backscattered, because the difference between 
transmit moment tT  and receive moment rT  is small. Then (6) is derived  as  

 ( ) ( ) +≈ ≈R R R V A+ 21
, ,

2
2 2ref ref reftT η η ηR R  (7) 

where η  is the new slow time scale and ( )= + 2t rη T T , which means that equivalent slow time η  is the 

midpoint of tT  and rT . It is noted that the slant range of high-speed maneuvering platform SAR can be 
equivalent to the two-way slant range of midpoint.      

In order to verify the correction of the approximation of  (7), the range difference is defined as  

                                                      ( ) ( )= −, ,Δ 2ref refT ηR R RR R                                   (8) 

The phase error which results from stop-go assumption is illustrated in Fig. 2(a). It’s obviously that the 
error caused by stop-go assumption is much larger than the accepted value 4π  and can’t be neglected for 
SAR in the high-speed maneuvering case. Whereas, the phase error caused by slant range difference of  (8) is 
shown in Fig. 2(b). It is shown that the maximum phase error is much less than 4π , which means that the 
simplification of slant range model is valid for high-speed maneuvering platform SAR. 
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(a)                                                                              (b) 

Fig. 2: Phase error. (a) phase error caused by stop-go assumption; (b) phase error caused by equivalent slant range based 
on time algorithm. 

3. Azimuth Time Resampling 
The azimuth time resampling is utilized to obtain a simplified range equation with a form similar to the 

one of the conventional SAR in which the space-variant terms caused by acceleration don’t exist or can be 
ignored. The essence of the operation is to adjust the sampling interval of slow time by interpolation, and the 
most significant step is that defining a mapping function from the original slow time η  to the new slow time 
′η . In order to illustrate clearly,  (7) can be simplified as 

 ( ) += 21
,

2ref refη η ηR R R V A+  (9) 
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The mapping function can be expressed as 

 ( ) ( )′ ′ ′= + +
2 3

1 2η η ε η ε η  (10) 

where 1ε  and 2ε  represent the mapping coefficients and are vectors here. Thus, the new range history of the 
compressed signal becomes 

 ( ) = + + + ⋅ + ⋅ + ⋅ +R R' ' '2 '3
1 1 2, (0.5 ) ( )ref refη η ε η ε ε η σR V A V A V  (11) 

where σ  is the high orders. The quadratic and cubic terms greatly affect the depth of focusing field in 
(11). The phase error caused by the high-order terms is much less than 4π , therefore the high-order terms 
in (11) can be ignored. To eliminate the effect of the quadratic and cubic terms, coefficients of (11) are 
chosen to make the quadratic and cubic terms zero. Thus one can get an equation system with two equations 
and two unknowns, which yields 

 + ⋅ =
 ⋅ + ⋅ =

1

1 2

0.5 ε
ε ε
A V 0

A V 0
                                       (12) 

Solving (12), one can get the parameters in the case of forward acceleration as 
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 =
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ε
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A U U
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where tU  is the unit vector in azimuth direction and ,  is the inner operation. The simplified range equation 
of SAR on high-speed platform can be expressed as 

 ( ) ≈ +R R' ', ref refη ηR V  (14) 

After the azimuth time resampling, the new range equation is similar to that of the conventional SAR. 
Then, the typical imaging methods, such as range-Doppler, chirp scaling, and omega-k algorithms, etc., can 
be applied directly without any modification. 

4. Simulation Result 
To prove the effectiveness of the proposed range model, this section will give some simulation results. 

The phase error caused by azimuth time resampling is given in Fig. 3 and the simulation parameters are 
listed in Table 1. It is noted that the max value of phase error is much less than 4π , which means that the 
phase error would have little impacts on the imaging qualities. It’s obvious that the azimuth time resampling 
eliminates the space-variant terms based on (14) and the typical imaging algorithms can be applied directly. 

Table 1: Simulation parameters used for error analysis. 

Parameter Value Parameter Value 

Carrier frequency 10GHz PRF 1000Hz 
Velocity [0,3000,0] m/s Antenna length 2m 

Acceleration [0,7,0] m/s2 Height 50km 
Transmitted bandwidth 150MHz Pulse duration 3 μs  

Table 2: Simulation parameters. 

Parameter Value Parameter Value 

Carrier frequency 7.27GHz Squint angle 30  
Velocity [0,700,0] m/s Height 30km 

Acceleration [0,7,0] m/s2 Transmitted bandwidth 150MHz 
PRF 2000Hz Scene size (range × azimuth) 1.0 km × 2.0 km 
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Fig. 3: Phase error caused by azimuth time resampling. (a) phase error with azimuth time; (b) phase error with along-
track and cross-track directions. 

The impulse responses of target are demonstratesd in Fig. 4. In Fig. 4(a), it is noted that the the impulse 
response of target using the method in [15] has a deterioration in azimuth direction, when the platform is in 
the case of high-speed maneuvering. Conversely, the impulse response of target is well focused using the 
proposed method shown in Fig. 4(b). It indicated that the proposed algorithm has the capability to deal with 
spatial variance caused by the forward acceleration. The profile of azimuth spread function of target is 
presented in Fig. 5. As a contrast, the separation between the main lobe and the side lobe of the result 
processed by the proposed algorithm is much better than the one by the algorithm in [15]. 
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(a)                                                                                  (b) 

Fig. 4: Impulse response of the target. (a) impulse response of the target of the scheme in [15]; (b) impulse response of 
the target of the proposed scheme. 

 
Fig. 5: Comparison of azimuth profile of the target between the algorithm in [15] and the proposed algorithm. 

5. Conclusions 
For the high-speed maneuvering platform SAR, the high-speed will result in the failure of stop-go 

assumption, and the maneuvering flight would lead to serious defocusing in azimuth direction. In this paper, 
the effects of stop-go and acceleration are taken into consideration, and an equivalent range model based on 
azimuth time resampling process is proposed. A geometric model for high-speed maneuvering platform SAR 
is constructed firstly and the accurate range history is derived. Then, according to the transformation of 
bistatic to monostatic survey, a new range equation is obtained. Based on the new range equation, the 
azimuth time resampling is performed to obtain a simplified range equation which is similar to that of the 
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conventional SAR case and the typical imaging methods is applied directly without any modification. 
Validity and applicability are studied through theoretical analysis and numerical experiments.  
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