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Bistatic SAR (BiSAR) with illuminators of opportunity is a 
kind of flexible SAR system that consists of non-cooperative 
transmitters and a stationary or moving receiver, as Figure 1 
shows. In recent years, notable efforts have been made to 
promote the development of this kind of system. Progress 
regarding BiSAR with navigation satellites as transmitters 
before 2015, including the related theory and practice, has 
been well reviewed by Antoniou et al. and can be referred 
from [1]. This paper reviews some of the progress in 2015 
and 2016, including novel signal processing approaches, 
advanced BiSAR system configurations and potentially 
valuable applications such as distributed scatterers profile 
extraction, local area surface change detection, and Digital 
Elevation Model (DEM) generation, etc. 

As Global Navigation Satellite System (GNSS) consists 
of a large number of satellites with various orbit parameters, 
ideas of utilizing this feature have been conceived. Zeng et 
al. [2] proposed a multi-angle BiSAR imaging technique. In 
their work, BeiDou-2/Compass-2 navigation satellites with 
different observing angles were selected as the illuminators 
and the corresponding BiSAR images were obtained and 
fused to be one image. Image difference because of target 
scattering characteristic under various angles was observed 
in the experimental data and a Bayesian method was pro-
posed to combine the images, which can extract some sig-
nificant features from images in specific angles and can also 
obtain different parts of one distributed scatterers, yielding 
images with continuous profiles as well as featured details.  

Inspired by the fact that various geometry leads to dif-
ferent range and azimuth resolution directions, Santi et al. 
[3] proposed a spatial resolution improvement technique 
based on multi-static acquisition and feature extraction. 
BiSAR images under different angles were obtained and 

incoherently fused into one image. As the side-lobes of two 
points targets could generate “ghost” targets in the intersec-
tion positions, the combined image could not provide accu-
rate information of the illuminated region. To resolve this 
issue, they proposed an ad hoc CLEAN-like technique. This 
technique features on an iterative processing step, where the 
position and intensity of the brightest target in every itera-
tive step were estimated based on the point spread function 
(PSF) under the specific geometry and then the point could 
be removed along with its side-lobes. As the “ghost” target 
only appears when more than one related targets profile 
exists, the aforementioned iterative estimating and remov-
ing processing can ensure free of “ghost” target. Finally, the 
image with point targets could be obtained based on the 
recorded positions of the point targets.  

Due to the spatial separation of the transmitter and re-
ceiver, Global Navigation Satellite System-based (GNSS- 
based) BiSAR confronts with time and frequency synchro-
nization problems, which can result in defocusing of BiSAR 
images. In ref. [4], the authors proposed an integrative syn-
chronization and imaging method to tackle the problems. 
The effects of the navigation signal, which exhibited as ir-
regular phase jumps along the synthetic aperture time, were 
firstly estimated and removed to implement pre-synchroni-          
zation processing. After that, the principle of error neutrali-          
zation was successfully applied to cancel the time and fre-
quency errors of echo signal. Finally, the traditional 
back-projection algorithm could be utilized to obtain the 
focused images.  

Some significant efforts have been made to improve the 
BiSAR image quality in both theoretical and practical levels. 
Ma et al. [5] put forward a signal bandwidth combination 
scheme to improve the range resolution of BiSAR images. 
In their research, the Galileo satellite was selected as the 
illuminator and its E5a and E5b signals, which were near in  
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Figure 1 (Color online) Illustration of Bistatic SAR with illuminators of 
opportunity. 

frequency, were collected simultaneously. To implement 
bandwidth synthesis, a compensation factor was obtained 
through power spectral density estimation of the theoretical 
combined signal, which was then used to compensate the 
coherently-added two channels signals to form one wider 
bandwidth signal. In this way, 5 times of range resolution 
improvement could be achieved. Wang et al. [6] proposed a 
digital beamforming (DBF) scheme with TerraSAR-X as 
the illuminator. In their BiSAR system, 5 echo antennas 
were emplaced vertically with a certain distance and mul-
ti-channel receiver was deployed to receive the signals from 
the direct signal antenna and echo antennas. DBF method 
was applied which could yield a sharper and higher antenna 
pattern. In this way, images with higher SNR could be ob-
tained. 

In the last two years, some novel applications of bistatic 
SAR has been investigated. One is about the surface change 
detection, which has been researched by Zeng et al. [7]. In 
their work, a subsidence monitoring technique based on 
bistatic differential interferometry using GNSS as illumina-
tors was presented. A transponder was placed on the region 
of interest to enable strong reflection. The principles of 
Differential GNSS (DGNSS) and the SAR technique were 
combined to eliminate some common errors like the un-
known ionosphere and tropospheric delays, as well as to 
increase the signal SNR through long time integration, 
which could remarkably improve the subsidence estimation 
accuracy. A field experiment was carried out to validate its 
millimeter accuracy ability of deformation measurement. 
Another application is regarding the DEM generation 
through Space-Surface BiSAR interferometry with non- 
cooperative SAR radar satellites as illuminators, which has 
been researched by both Zeng et al. [8] and Hong et al. [9]. 
In ref. [8], the YaoGan-3 (an L-band space-borne SAR) was 
selected as the transmitter and the two stationary receivers 
were mounted on the top of a tall building. An iterative LS 
approach was proposed to tackle the problem of inaccurate 
antennas positions in the receiver end, successfully achiev-
ing DEM generation with an accuracy of about 1–2 m for 
some targets. In ref. [9], a multi-channel system was built to 
enable solving problems of DEM generation in regions 
comprising buildings, where the discontinuity effect occur-

ring in the edges of buildings in the interferogram was se-
vere. A multi-channel DEM generation method based on 
Markov Random Field (MRF) was proposed, where the 
amplitude data, iterative reconstruction results, and Maxi-
mum Likelihood (ML) results were jointly utilized to opti-
mize the total MRF energy function. TerraSAR-X was se-
lected as illuminators and the field experiment has been 
conducted to validate the method. A DEM generation accu-
racy of 0.98 m was achieved in the experiment. 

Apart from GNSS and SAR radar satellites, Gromek et al. 
[10] conducted a pioneering experiment using a Commer-
cial Digital Video Broadcasting-Terrestrial (DVB-T) station 
as a stationary transmitter, and an airborne passive radar as 
a receiver. The advantage of DVB-T is its high transmitting 
power (with EIRP about 100 kW), making it unnecessary to 
integrate long synthetic aperture time to achieve sufficient 
SNR gain like GNSS-based BiSAR does. The experiment 
result shows that the system can obtain the terrain profile, 
indicating its huge potential in local area monitoring. 

Although the very rapid development of BiSAR with il-
luminators of opportunity has been witnessed in recent 
years, this kind of system is still far from maturity. Consid-
ering some of the existing shortages and the system peculi-
arities, the future works and development trends may in-
clude: 

(1) In the theoretical level, the scattering characteristics 
of illuminated targets in BiSAR mode is worth researching 
on. Due to the special geometry, BiSAR images exhibit 
some different features from their monostatic counterparts. 
Many BiSAR images have been obtained but the interpreta-
tion is not sufficient yet, especially for the interpretation of 
the GNSS-based BiSAR images, which is very challenging 
due to the poor image resolution. The key techniques may 
comprise electromagnet modelling of complex object under 
low band signal and multiple times signal reflection. 

(2) In the technical level, approaches to improve the im-
age quality could be further researched. Parameterized im-
aging method, which considers the actual object model in-
stead of using the traditional point scattering model may 
help improve the imaging result with limited image resolu-
tion. Besides, wide signal band synthesis and very long 
synthetic aperture time imaging are promising to improve 
the image resolution. The key techniques may include syn-
thesis error compensation and efficient imaging algorithm 
with huge raw data. 

(3) In the application level, surface change detection in 
real scenarios could be investigated, especially for the 
GNSS satellites which have short revisit cycle and abundant 
number. The key techniques may be atmosphere error re-
moval, high accurate DEM generation, and receiver side 
error compensation. 
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