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 Abstract - In this paper, we propose an imaging algorithm of 

missile-borne SAR in diving and squint mode. The diving 

acceleration, vertical speed, and squint angle caused a large range 

cell migration (RCM). The algorithm divides the RCM correction 

(RCMC) into two steps. Firstly, correcting the main part of range 

walk in time domain. Secondly, correcting the remaining RCMC in 

range frequency-azimuth Doppler frequency domain, using an 

analytical form of the signal 2-D spectrum derived by the method of 

series reversion. Theoretical analysis and simulation results illustrate 

its validity, and satisfy the imaging quality of missile-borne SAR in 

high squint model. 

 Index Terms - Missile-borne SAR, diving and squint mode, 

RCMC, series reversion. 

I.  Introduction 

 Compared with general airborne or space-borne SAR, 

missile-borne SAR has significantly different characteristics. 

In order to attack the target, missile-borne SAR cannot do the 

uniform line motion, and also it has a certain acceleration and 

vertical velocity in the diving flight. Moreover, it usually 

works in a squint mode in order to acquire a period of turning 

time. Therefore, the general SAR imaging algorithms are no 

longer suitable for missile-borne SAR [1-2]. 

 In [3], the 2-D spectrum of target echo was derived by the 

method of series reversion, and the RCMC, range and azimuth 

compression were accomplished in the 2-D frequency domain. 

But the algorithm was only suitable for the center single point 

target imaging of the scene in side-looking mode. An imaging 

algorithm for missile-borne SAR based on azimuth nonlinear 

chirp scaling (NLCS) was proposed in [4]. After finished 

RCMC and range compression in the 2-D frequency domain 

by the method of series reversion, azimuth variation of 

Doppler FM rates for echo signal were compensated with the 

operation of azimuth NLCS, which could improve focusing 

depth and effect. However, the computation is too heavy, and 

it also only worked in side-looking mode. In [5], the spectral 

overlapping phenomenon in distance was solved by 

introducing a new CS factor, and the influence caused by 

velocity and acceleration of the missile were compensated. A 

deramp method was introduced to cope with the Doppler 

spectral overlapping phenomenon in azimuth, but this 

algorithm was too complex to realize. 

 According to the characteristics of the missile-borne SAR 

platform motion, a space geometry relationship of the diving 

and squint movement is established in this paper. Then the 

instantaneous range between radar and target is calculated, and 

the point target echo signal model is derived. The Doppler 

frequency center is corrected in range frequency-azimuth time 

domain [6]. The 2-D spectrum of the point target echo signal is 

deduced using the method of series reversion. After finishing 

the pulse compression processing, a focused point target image 

is got. At last, a missile-borne SAR simulation is used to 

illustrate its validity of the algorithm.  

II.  Geometric Model and Instantaneous Range 

 The imaging geometry of missile-borne SAR is shown in 

Fig. 1. A missile is assumed to be flying along the trajectory of 

ABC  with a constant acceleration in a two-dimensional plane, 

which is locally vertical to the surface of the Earth and the 

projection of trajectory on the ground is X  axis. The range 

time is given by rt , and the azimuth time at  is chosen to be 

zero at the composite beam center crossing time (mid exposure 

time) of the reference target. V  is the velocity of the missile, 

and the horizontal and vertical velocity are xV  and zV , 

accompanying with the constant acceleration xa  and za . 

While the velocity and acceleration are all zero. H  is the 

height of the missile at 0at  . The instantaneous range from 

SAR to an arbitrary reference point target 0 0( , ,0)P x y  is 0R , and 

The shortest range cR  has a relationship with 0R  and squint 

angle  , which is 0 coscR R  . 
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Fig. 1 The diving and squint missile-borne SAR geometry. 

 The instantaneous range from SAR to a point target at 

azimuth time at  can be expressed as 
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 The first 5th order Taylor expansion [7] of (1) can be 

expressed as 
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III.  Analysis of Signal and Imaging Algorithm 

A. Derivation of the Signal Spectrum  

 Assuming the transmitted LFM signal is 

             2
0( , ; ) ( )exp( 2 )t r a r r c r rs t t R a t j f t j t                    (4) 

where cf  is the carrier frequency,   is the range chirp rate, 

( )ra   and is ( )aa   are the range and azimuth envelopes. 

The echo received from a reference point target 

experiences a delay that is proportional to the two-way slant 

range 02 ( ; )aR t R . After down-converted to baseband, it can be 

expressed with range time rt  and azimuth time at  as 
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where   is the radar wavelength, c  is the speed of light. 

 Using Principal of Stationary Phase (POSP) and Fresnel 

Integral [8], the range FT of (5) can be expressed as 
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where rf  is the range frequency. Then the Doppler center 

frequency of range can be given by 
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where sinc xz

x x

R VHV

R R


  is the Doppler frequency offset which is 

caused by the vertical velocity and squint angle. It should be 

corrected through the correction function as follows. 
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 The result of Doppler frequency offset correction can be 

written as 
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Letting 

2 3 4
1 0 2 3 4( ; )a cen a a aR t R R k t k t k t                                (10) 

where, 2cen xR R , 1 12k a , 2 202k k , 3 302k k , 4 402k k . 

 After Doppler frequency offsetting, it can be expressed as 
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Equation (11) can be expressed as follows. 
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 Using the methods of POSP and Fresnel Integral, we get 

the range FT of (13) 
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 According to the methods of POSP and series reversion 

[9], we get 
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 Using the method of series reversion [9] with (15), we 

obtain the stationary phase point 
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Therefore, the azimuth FT of (14) is  
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The phase of the second exponential can be expanded as 
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According to the properties of FT, the 2-D FT of 1 0( , ; )r as t t R  is 

1
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k
S f f R S f f f f R

c
                      (19) 

 The effect of the high order terms of af  for phase is far 

less than 4 , so we keep the terms of (18) up to the first 4th 

order of af . Then (19) can be written as 

          1 0( , ; ) ( ) ( )exp[ ( , )]r a r r a a r aS f f R a f a f j f f               (20) 

where, the phase function ( , )r af f  can be expanded as 
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 And, the term
1

c rf f
, and its expressions of square and 

cubic value can be also expanded as follows, respectively. 
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Then, (21) can be written as follows. 
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 In (23), 0( )af  is azimuth modulation term and has no 

relationship with rf . 1( )af  is the linear item coefficient of rf . 

2( )af  is the range chirp rate, and 3( )af  is the changing rate 

of the range chirp rate. 

B . Imaging Algorithm 

 The flow chart of the algorithm is shown in Fig. 2. 
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Fig. 2  The flow chart of the imaging algorithm 

In (24), The linear item coefficient of af  is 
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    , which indicates the azimuth position 

of the target. In order to getting the correct azimuth position, 

we need to make imaging position correction during azimuth 

compression. The term 2 cenR c  in (25) indicates the range 

position of the target, and the remaining terms in (25) are 

RCM which are also being corrected. 

 The steps of the diving and squint missile-borne SAR are 

as follows. 

Step1. Getting 0( , ; )r aS f t R  through range FT of (5); 

Step2. Correcting the Doppler frequency offset of 0( , ; )r aS f t R  

by multiplying 1H ; 
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Step3. Getting 2-D spectrum 1 0( , ; )r aS f f R  through azimuth 

FT of 1 0( , ; )r aS f t R ; 

Step4. Removing the coupling term of 1 0( , ; )r aS f f R  by 

   3
21 1 3exp[ ( ( ) 2 ) ]exp[ ( ) ]a cen r a rH j f R c f j f f               (28) 

And getting the result of range pulse compression by 

         2
22 2exp[ ( ) ]a rH j f f                                (29) 

Then, we get 1 0( , ; )r aS t f R  through range IFT. 

Step5. Getting the result of azimuth pulse compression by  

                3 0 1 2exp[ ( ( ) )]a aH j f k f k                          (30) 

After azimuth IFT, we get the focusing SAR image. 

 When calculating 1a , cR , 1w , 2w , 3w  and 4w , the values 

of 0x  and 0y  can be replaced by the coordinates cX  and cY  of 

the imaging center.  

IV .   Simulation Results 

 We present some missile-borne SAR images generated by 

the proposed method in this paper. All the simulation results 

are shown on slant range plane. The designed scene consist 

some point targets, and the system parameters are list in 

TABLE 1. 

TABLE 1 The simulation parameters 

Parameters Numerical Value 

Carrier frequency cf  35GHz 

Pulse duration rT  5µs 

Bandwidth rB  75MHz 

Imaging center coordinate ( , ,0)c cX Y  (0,4000m,0) 

Initial flight altitude H  10000m 

Initial Velocity ( , , )x y zV V V  (2000m/s,0,-100m/s) 

Acceleration ( , , )x y za a a  (-50m/s2,0,-9.8m/s2) 

Antenna Azimuth length D  1m 

Sampling frequency sf  200MHz 

PRF 20kHz 

Squint angle 42° 

 Fig. 3 shows the results of pulse compression responses of 

point target. Fig. 3(a) shows the azimuth compression of point 

target, and Fig. 3(b) shows the azimuth compression of point 

target. Fig. 4 shows the contour plot of a point target. The 

quality parameters are list in TABLE 2. The simulation results 

illustrate focusing performance of the method proposed in this 

paper meets the requirements of missile-borne SAR in diving 

and squint mode. The algorithm uses only four Fourier 

transforms and four complex multiplications, without any 

interpolation operation, and the operation efficiency is greatly 

improved. 

-4 -3 -2 -1 0 1 2 3 4

-25

-20

-15

-10

-5

0

5

Azimuth(m)

A
m

p
li

tu
d
e(

d
B

)

(a)

10.76 10.77 10.78

-25

-20

-15

-10

-5

0
5

Range(km)

A
m

p
li

tu
d
e(

d
B

)

(b)  

Fig. 3 The results of one point target.  (a) Magnitude of Azimuth slices.  (b) 

Magnitude of Range slices. 
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Fig. 4 Contour plot of the point target. 

TABLE 2  Point target quality parameters 

Parameters Range direction Azimuth direction 

Resolution(m) 2 0.5 

PSLR(dB) -13.19 -12.93 

ISLR(dB) -10.01 -9.94 

V.   Conclusions 

 This paper presents an imaging algorithm for the diving 

and squint missile-borne SAR. The algorithm derives the 2-D 

frequency expression about echo signal of point target using 

the method of series reversion, and divides the RCM 

correction into main range walk correcting in time domain and 

remaining RCM correcting in range frequency-azimuth 

Doppler frequency domain. After the improvements about the 

current imaging algorithm of missile-borne squint SAR, we get 

a focused image. The point targets simulation results are 

presented to demonstrate its accuracy and validity of the 

proposed algorithm. 
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