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INTRODUCTION 

Electromagnetic waves are sequentially transmitted 
and the backscattered echoes are collected by the 
radar antenna. In case of SAR the consecutive time 
of transmission/reception translates into different 
positions due to the platform movement. An 
appropriate coherent combination of received 
signals allows the construction of a virtual aperture 
that is much longer than the physical antenna 
length. This basic attribute of SAR is the origin of its 
name “synthetic aperture,” giving it the property of 
being an imaging radar. In the case of SAR the radar 
image results from processing the raw data (i.e., after 
forming the synthetic aperture) and represents a 
measure of the scene reflectivity. Lossy compression 
technique where minor loss of fidelity is acceptable 
to achieve a substantial reduction in bit rate.  The 
measure of achieved compression is given by 
compression ratio (CR) and the Bit Per Pixel (BPP) 
ratio.  

BASIC SAR PRINCIPLES 

SAR sensors utilize linear frequency modulated 
pulsed waveforms for transmission, the so-called 
chirp signals. The amplitude of the transmitted 
waveform is constant during the pulse time τ, while 
the instantaneous frequency is varied in a  linear 
manner over time t according to, 

  ……(1) 

Where kr is known as the chirp rate, yielding the 
bandwidth        Br=kr.τ. This is followed by the echo 
window time during which the radar “listens” to the 
scattered echoes and stores the received signals on-
board. When referring to the time in the range 
direction, it is often denoted to as fast time which is 
an allusion to the velocity of the electromagnetic 
waves travelling at the speed of light. The 
transmission and listen procedure is repeated every 
PRI seconds, where the pulse repetition interval (PRI) 
is the reciprocal of the pulse repetition frequency PRI 
= 1/PRF. In typical SAR geometry, where the 
platform moves in the azimuth or along-track 
direction, whereas the slant range is the direction 
perpendicular to the radar’s flight path. The swath 
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width gives the ground-range extent of the radar 
scene, while its length depends on the data take 
duration, i.e., how long the radar is turned on. 

Being an imaging radar requires a two-dimensional 
resolution. The slant-range resolution is inversely 
proportional to the system bandwidth according to, 

  ……(2) 

where c0 is the speed of light. 

The azimuth resolution da is provided by the 
construction of the synthetic aperture, which is the 
path length during which the radar receives echo 
signals from a point target. The beamwidth of an 
antenna of length da can be approximated by 

                    ….(3) 

synthetic aperture length is given through, 

    ……(4) 

A long synthetic aperture is favorable since it results 
in a narrow virtual beamwidth Hsa = m/2Lsa (again, 
the factor 2 appears because of the two-way path 
from transmission to reception) and a high azimuth 
resolution: 

 

The above equation suggests that a short antenna 
yields a fine azimuth resolution. This appears 
surprising on the first view. However, it becomes 
immediately clear if one considers that a radar with a 
shorter antenna “sees” any point on the ground for a 
longer time, which is equivalent to a longer virtual 
antenna length and thus a higher azimuth resolution. 
The received echo signal data form a two-
dimensional data matrix of complex samples, where 
each complex sample is given by its real and 
imaginary part, thus representing an amplitude and 
phase value. The first dimension corresponds to the 
range direction (or fast time); a range line consists of 
the complex echo signal samples after being 
amplified, down converted to base band, digitized 

and stored in memory. The radar acquires a range 
line whenever it travels a distance v.PRI thus forming 
the second dimension of the data matrix, known as 
azimuth or slow-time. The very nature of SAR is that 
the return echoes from the illuminated scene are 
sampled both in fast time (range) and slow time 
(azimuth). The SAR image is most commonly 
displayed in terms of intensity values such that each 
image pixel gives an indication of the reflectivity of 
the corresponding point on the ground. This 
involves two additional steps applied on the output 
of the processor: calibration and geocoding. Here 
the calibration ensures that the intensity value 
actually represents the sigma zero (v0) value of the 
reflectivity, i.e., the radar cross section normalized to 
area. Proper calibration is a non-trivial task involving 
both internal instrument calibration as well as 
external SAR calibration using targets of known 
reflectivity [24]. The geocoding on the other hand 
ensures that the location of any pixel in the SAR 
image is directly associated to the position on the 
ground. Typically SAR images are geometrically 
distorted. 

IMAGE FORMATION IN SAR  

Unlike optical sensors, visualizing raw SAR data does 
not give any useful information on the scene. It is 
only after signal processing that an image is 
obtained, as shown in Fig. 1 which summarizes the 
basic SAR processing steps. In a very simplified way, 
the complete processing can be understood as two 
separate matched filter operations along the range 
and azimuth dimensions. The first step is to 
compress the transmitted chirp signals to a short 
pulse. Instead of performing a convolution in the 
time domain, a multiplication in the frequency 
domain is adopted due to the much lower 
computational load. Thus, each range line is 
multiplied in the frequency domain by the complex 
conjugate of the spectrum of the transmitted chirp; 
the result is a range compressed image, which 
reveals only information about the relative distance 
between the radar and any point on the ground. 
Azimuth compression follows the same basic 
reasoning, i.e., the signal is convolved with its 
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reference function, which is the complex conjugate 
of the response expected from a point target on the 
ground.  

 

  Fig.1 SAR processing steps 

Fig. 1 shows the basic steps of SAR signal 
processing, where the range reference function is 
dependent only on the transmitted chirp waveform 
whereas the azimuth reference function depends on 
the geometry and is adapted to the range. The SAR 
image is most commonly displayed in terms of 
intensity values such that each image pixel gives an 
indication of the reflectivity of the corresponding 
point on the ground. 

LOSSY IMAGE COMPRESSION &       
TRANSMISSION 

Due to the limited storage and/or down-link 
capacity on the airplane or satellite the data rate 
must be reduced. The data rate is proportional to 
the pulse repetition frequency (PRF), number of 
samples taken in each echo and the number of 
quantization bits. It is possible to reduce data rate by 
changing these parameters but this decreases the 
system performance. For example reducing the PRF 
causes higher azimuth ambiguities, reducing the 
bandwidth of the system decreases the range 
resolution and decreasing the the number of 
quantization bits increases digitization noise. The 
only remaining choice is to compress the SAR image. 

SAR data is inherently complex but it is frequently 
converted to real data for interpretation by human 
observers. 

In this paper Wavelet compression is the technique 
used to compress the SAR grayscale image and the 
compressed image results using MATLAB is shown in 
the below figure. 

 

Fig.2 Original SAR image 

 

Fig.3 Compressed SAR image 

The SAR compressed grayscale image is then 
transmitted between two systems using UDP 
protocol and it is obtained using MATLAB. 

CONCLUSION 

A SAR system operated on a moving platform has 
been successfully designed and developed. Various 
design parameters have been carefully studied and 
determined in the system level design. 
Implementation of SAR system with special attention 
to the dimension and size of the sensor chassis and 
antenna due to constrains of the airborne system in 
particularly the limitation in weight and volume. A 
series of filed measurement and flight test has been 
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conducted to verify the performance of the SAR 
sensor. This new system will serve as a test-bed for 
demonstrating SAR technology and acquiring data 
for ground target monitoring in military application. 
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