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change detection that are covered later in this chapter, good image resolu-
tion is critical.

A SAR has to have good resolution in both range (in the direction of the 
SAR beam) and azimuth (perpendicular to the radar beam) in order to form 
a high-resolution image. Getting good range resolution requires a completely 
different technique than getting good azimuth resolution.

Range resolution is relatively straightforward. For any radar, range resolu-
tion depends on the duration of the transmitted pulse (called pulse width). A 
one nanosecond pulse (one-billionth of a second) has a range resolution of 
approximately one foot, which provides very good range resolution. But a one 
nanosecond pulse has very little energy in it, so the backscattered signal will 
be difficult for the radar receiver to detect. A longer pulse, say one microsec-
ond, would provide 1,000 times as much energy, which gives a more detect-
able backscattered signal. But a one microsecond pulse has a range resolution 
of about 1,000 feet, which is totally unacceptable for intelligence applications. 
The challenge is to illuminate the target with a one microsecond (or longer) 
pulse, but to obtain the range resolution of a one nanosecond pulse.

The solution for most SAR applications is to use a long pulse that is 
frequency modulated (FM), called a chirped pulse: its frequency smoothly 
changes over the duration of the pulse, as shown in Figure 7-3. A pulse like 
that shown contains many frequencies and thus has a wide frequency 
bandwidth. Consequently, it can be processed to give the range resolution 
of a much shorter pulse having the same bandwidth. The energy of a long 
pulse combined with the resolution of a short pulse is obtained using a 
technique called pulse compression. Using this technique, airborne radars 
have demonstrated 1.8 GHz transmit bandwidths with corresponding range 
resolutions of 0.1 meter.

Figure 7-3  Frequency Change in a Chirped Pulse
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