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produce better resolution images, as discussed below. A SAR does this by 
transmitting, receiving, and processing what is effectively a short pulse by 
using a very wide bandwidth signal. Transmitting a short pulse is important 
for range resolution, as will be explained below.

Synthetic aperture radar imaging is a two-step process of coherent data 
acquisition and subsequent coherent processing of a series of radar range 
echoes to recover a fine resolution image of a scene. A SAR works by trans-
mitting a series of coherent pulses at a target area; coherent means that the 
pulses all have the same phase, as though they had been transmitted as a 
continuous sine wave that is shut on and off to generate pulses—Figure 7-2 
illustrates a coherent pulse train. For a SAR to work, it is essential that all 
the pulses that will be used to form an image are transmitted coherently and 
that the radar retains a memory of the exact frequency and phase of the 
transmitted signal.

When a backscattered signal returns, the radar measures the intensity of 
the return and compares the backscattered signal frequency and phase to 
that of the transmitted signal. Slight differences in frequency, or phase dif-
ferences, are noted, and these signal intensity and phase differences are 
recorded. This record, collected over many pulses, is called phase history 
data (PHD). This intensity and spectral information, collected over time, is 
used to create a target image.

The resolution of the focused SAR imagery is an important parameter in 
determining the interpretability of the imagery and the quality of the infor-
mation that may be extracted. The goal is for the SAR to obtain the highest 
possible resolution, for the same reason that high-resolution optical imagery 
is desired: High-resolution imagery has greater intelligence value because 
the imagery analyst can tell more from more detailed signatures. Trucks can 
be distinguished from tanks and bombers from transport aircraft, given suf-
ficient resolution. In general, the SAR’s performance in target detection and 
classification depends on good image resolution. For applications such as 
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Figure 7-2  Coherent Pulse Train
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