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Abstract: This work addresses the model of Bistatic Interferometric Synthetic Aperture Radar BInSAR imaging 
process. BInSAR geometry with multiple satellite receivers is thoroughly mathematical described. A linear 
frequency modulated (LFM) SAR signal model and single look complex (SLC) image are derived. To 
verify proposed models an implementation of the processing chain, implemented in MATLAB environment 
is performed. 

1 INTRODUCTION 

Imaging capability of Synthetic Aperture Radar 
(SAR) Distributed Satellite-borne Systems (DSS) 
with Bistatic Interferometric Synthetic Aperture 
Radar (BInSAR) on board is already proven Earth 
Remote Sensing technique. BInSAR DSS system 
error analysis and design method are investigated in 
(Li Wei, 2002). The potential benefits, drawbacks 
and problems associated with a close formation 
flight for an along-track interferometry SAR mission 
is discussed in (Eberhard, 2004). A generalized 
approach of formation configuration of BInSAR 
DDS from the point of system performance 
optimization is presented in (Huang, 2007). Concept 
for decomposition of solid baseline, a new method to 
avoid the max detection error and simulation 
experiment accompanied by very good result is 
shown in (Xilong, 2007). Effective method to 
eliminate the effect of baseline instability on SAR 
image and interferometric measure is proposed in 
(Zhang, 2007). A multi-baseline polarimetric 
synthetic aperture radar interferometry (Pol-InSAR) 
technique that allows more appropriate 
reconstruction of the quasi-three-dimensional spatial 
distribution of scattering processes within natural 
media is presented in (Stebler, 2002). 

The main purpose of this work is to propose a 
universal geometrical model of the Earth surface 
topography, as well as mathematical model of the 
reflected LFM SAR signals from that relief and 

algorithms for complex image extraction and 
interferogram generation. 

2 GEOMETRY AND 
KINEMATICS OF SAR 
SCENARIO 

Consider Bistatic Interferometric Synthetic Aperture 
Radar (BInSAR) geometry (Fig.1), defined in 
coordinate system Oxyz. SAR system is located on a 
satellite with a trajectory given by the following 
vector equation. 
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where: )0(0 RR =  is the distance vector from the 
origin of the coordinate system to the satellite in the 
moment t = 0; V is the satellite velocity vector; pT  
is the signal repetition period; p is the index of 
emitted pulses; N is the full number of emitted 
pulses.The vector equation (1) is projected in 
coordinate system Oxyz, which yields 
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where )( px , )( py  and )(pz  are the satellite 
coordinates in the moment p; )0(0 xx = , )0(0 yy =  
and )0(0 zz =  are the satellite coordinates in the 
moment p = N/2; α= cosVVx , β= cosVV y , 

δ= cosVVz  are coordinates of the velocity vector; 
αcos , βcos , βcos  are the guiding cosines of the 

velocity vector. 
The surface depicted in coordinate system Oxyz 
analytically can be presented as a two dimensional 
function, i.e. z as a function of coordinates x and y, 
which in discrete form is given by the following 
equation (3) 
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where Mmxmn Δ=  and Nnymn Δ=  are discrete 
coordinates in the plane Oxy; MΔ  and NΔ  are 
dimensions of the grid’s cell; m and n - relative 
discrete coordinates (indexes) on axes Ox and Oy. 
Coordinates; mnx , mny  and mnz  define the 
distance vector mnR  of each point scatterer. 

 
Figure 1: Bistatic InSAR Geometry. 

Assume that in each grid’s cell with dimensions 
( MΔ  and NΔ ) and coordinates ( mnx , mny ) one 
prominent point scatterer is located. During the 
process of observation the distance vector )( pmnR  
from SAR located on the satellite to the dominant 
point scatterer, defined by the geometrical vector 

mnR , can be expressed by the following vector 
equation 

mnmn pp RRR −= )()(  (4) 
The geometry information of the observed surface is 
contained in the phase of the complex amplitude of 

the reflected signal from each point scatterer which 
is proportional to the module of the distance vector 

)( pRmn  defined by the expression 

[ ] [ ] [ ]222 )()()()( mnmnmnmn zpzypyxpxpR −+−+−=  (5) 
While modelling the process of observation the 
value of the parameter )( pRmn  is calculated for 
each p, m and n. 

3 LFM SAR SIGNAL MODELING 
AND SLC IMAGE 
RECONSTRUCTION 

3.1 SAR signal modelling algorithm 

1. Compute the distance from SAR to each point 
scatterer from the observed surface for each 
particular moment p by equation (5). 
2. Compute time delay parameter for each point 
scatterer from the surface )( ptmn  by the expression 
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where 83.10  c =  m/s is the speed of light, TR
mnR is the 

distance from transmitter to the surface; 1RX
mnR is the 

distance from the surface to the receiver satellite. 
3. Compose an one-dimensional array with entities 
of all time delays )( ptmn  arranged in ascending 
order and define minimum )(min ptmn . 
4. Compute generalized time parameter of the 
reflected signal: 

)()1()(),( min ptTkptpkE mnmnmn −Δ−+=  (7) 
5. Compute LFM signal, reflected by mn–th point 
scatterer for each sample k = {1, 2, …, 256} and 
emitted pulse p = {1, 2,…, 256}. 

( )[ ]{ }2),(),(exp.),( pkEbpkEjapkS mnmnmnmn += ω  (8) 
6. The results of the computation of are placed in a 
two dimensional array ],[ pk .  
The SAR signal, reflected from a particular point 
scatterer is limited within pulse duration, which can 
be described by element wise multiplication of the 
signal ),( pkSmn  (8) with a rectangular function i.e. 
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is the rectangular function described by two 
dimensional matrix [k, p], containing zeros and ones 
in positions according to conditions (10). 
The element wise multiplication of the matrix 

),( pkSmn  with rectangular matrix function 
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kT
Erect  yields a matrix ),(rect, pkSmn , which 

contains all necessary values of the SAR, reflected 
by particular pint scatterer. Superposition of 
reflected SAR signals over dimensions m and n 
yields the values of the interferon complex SAR 
signal ),( pkS , written as entities of a two 
dimensional matrix [p, k], i.e. 
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3.2 SAR SLC image reconstruction 

1. Demodulation of the SAR signal by multiplication 
of two dimensional matrix ),( pkS  with complex 
conjugated emitted signal, i.e. 

[ ]{ }2))1(()1(exp).,(),(~ TkbTkjpkSpkS Δ−+Δ−= ω  (12) 
2. SLC image reconstruction by standard two 
dimensional fast Fourier transform 

)],(~(FFT[FFT),( pkSpkI kp=&  (13) 

The matrix ),( pkI&  represents the complex image of 
the observed surface, containing amplitude and 
phase information for each pixel from the surface.  
In Fig. 2 real (a) and imaginary (b) parts of the 
complex SAR signal are presented. 

3.3 Interferogram generation 

An interferogram is generated by complex conjugate 
multiplication of obtained two Single Look Complex 
(SLC) images. 

4 NUMERICAL EXPERIMENT 

Distributed Satellite-borne Systems (DSS) with 
Bistatic Interferometric Synthetic Aperture Radar 
(BInSAR), formed by three SAR satellite systems 
observe Earth surface witch is modelled by Matlab 
“peaks” function. TR is the transmit satellite, while 

RX1 and RX2 are receivers satellites. Satellites’ 
trajectory parameters and SAR data are presented in 
Table 1. 

Table 1: Trajectory and SAR parameters. 

 TR RX1 RX2 
x0 2.104 104 1,2.104 
y0 2.104 104 104 
z0 8.105 8.105 8.105 
Np 512 512 512 
Nk 512 512 512 
m_n 256 256 256 
Δ 2 2 2 
V(m/s) 1000 1000 1000 
Tp  (s) 0.025 0.025 0.025 
Tk (s) 0.0025 0.0025 0.0025 
F (Hz) 1010 1010 1010 
ΔF(Hz) 2.5.107 2,5.107 2,5.107 

Baseline between TR and RX1 is  = 
14142,136 meters. Baseline between TR and RX2 is 
12806,248 meters. Baseline between RX1 and RX2 is 
2000 meters. Computational results are shown in 
Figs. 2-6. 

 
Figure 2: SAR1 SLC image 

 
Figure 3: SAR2 SLC image 

 
Figure 4: Reconstructed RX1 SAR image (amplitude and 

phase) 
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Figure 5: Reconstructed RX2 SAR image (amplitude and 

phase) 

 
Figure 6: Interferometric phase based on RX1 SLC image 

and RX2 SLC image 

In Fig. 6 clearly can be seen interferometric fringes 
proportional to heights and depths of the observed surface. 

5 CONCLUSION 

In this work a model of Bistatic Interferometric 
Synthetic Aperture Radar (BInSAR) imaging 
process is discussed. Bistatic InSAR geometry with 
thoroughly mathematical description of the observed 
surface and kinematic equations is suggested. LFM 
SAR signal’s model is derived. SLC image 
reconstruction algorithm with two dimensional FFT 
procedures is implemented. To verify proposed 
geometrical and signal models a simulation of the 
processing chain, implemented in MATLAB 
environment is illustrated. SAR complex 
interferogram containing amplitude and phase 
information is produced. 
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