Synthetic Aperture Radar (SAR)

Real Aperture Radars

Designing and constructing an instrument capable of desirable resolution is not always possible. The following example illustrates this point. If a wavelength of 5 cm. (0.05 m.) is used, to obtain an azimuth resolution of 10 mrad, an antenna would have to be 5 meters long. Using the same wavelength, should an enhanced resolution, of 2 mrad be required, the antenna would have to be 25 meters long.

Ra = (0.7)(S)()/D 

Obviously, this is impractical if not physically impossible. 

SAR Mimics the effect of a very large antenna, while maintaining physical integrity and size limits.

The "Very Large Array" (VLA) near Socorro, New Mexico operates on this principle. The VLA uses several strategically located physical radio dishes to simulate one very large antenna. A SAR uses only one antenna, but since the antenna is in motion, its changing position through time duplicates the effect of several physical antennas spread out in a virtual "row."

SARs produce a two-dimensional (2-D) image. 

One dimension in the image is called range (or along track) and is a measure of the "line-of-sight" distance from the radar to the target. Range measurement and resolution are achieved in SAR in the same manner as most other radars: Range is determined by precisely measuring the time from transmission of a pulse to receiving the echo from a target and, in the simplest SAR, range resolution is determined by the transmitted pulse width, i.e. narrow pulses yield fine range resolution. 

The other dimension is called azimuth (or cross track) and is perpendicular to range.

It is the ability of SAR to produce relatively fine azimuth resolution that differentiates it from other radars. 

To obtain fine azimuth resolution, a physically large antenna is needed to focus the transmitted and received energy into a sharp beam. The sharpness of the beam defines the azimuth resolution. 

Similarly, optical systems, such as telescopes, require large apertures (mirrors or lenses which are analogous to the radar antenna) to obtain fine imaging resolution. Since SARs are much lower in frequency than optical systems, even moderate SAR resolutions require an antenna physically larger than can be practically carried by an airborne platform: antenna lengths several hundred meters long are often required. 

However, an airborne radar could collect data while flying this distance and then process the data as if it came from a physically long antenna. 

The distance the aircraft flies in synthesizing the antenna is known as the synthetic aperture.

The motion of the synthetic aperture radar platform provides the instrument with the necessary spatial displacement for the antenna to "appear" much larger after special data recording and processing techniques are employed. A 2 m-wide antenna can simulate one that is >100 m wide. 

A narrow synthetic beamwidth results from the relatively long synthetic aperture, which yields finer resolution than is possible from a smaller physical antenna. 

Doppler Shift

Achieving fine azimuth resolution also requires doppler processing. 

A target's position along the flight path determines the doppler frequency of its echoes: Targets ahead of the aircraft produce a positive doppler offset; targets behind the aircraft produce a negative offset. 

As the aircraft flies a distance (the synthetic aperture), echoes are resolved into a number of doppler frequencies. 

The target's doppler frequency determines its azimuth position. SAR takes advantage of the Doppler history of the radar echoes generated by the forward motion of the vehicle to synthesize a large antenna, which yields finer azimuth resolution in spite of a physically small antenna.

Essentially a target can be images as it moved through the footprint of the satellite.

SARs are not as simple as described above. Transmitting short pulses to provide range resolution is generally not practical. Typically, longer pulses with wide-bandwidth modulation are transmitted which complicates the range processing but decreases the peak power requirements on the transmitter. For even moderate azimuth resolutions, a target's range to each location on the synthetic aperture changes along the synthetic aperture. The energy reflected from the target must be "mathematically focused" to compensate for the range dependence across the aperture prior to image formation. Additionally, for fine-resolution systems, the range and azimuth processing is coupled (dependent on each other) which also greatly increases the computational processing.

RADARSAT SAR

The RADARSAT SAR can acquire up to 28 minutes of data per 101 minute orbit.

Frequency / Wavelength
5.3 GHz/C-band 5.6 cm

RF Bandwidth
11.6, 17.3 or 30.0 Mhz

Antenna Size
15m x 1.5m

Launch mass (total)
2,750 kg

Design Lifetime
5 years

Altitude
793-821 kilometres

Inclination
98.6 degrees

Period
101 minutes

Ascending node
18:00 hours

Sun-synchronous
14 orbits per day

Imaging Modes

Mode
Nominal
No. of
Swath
Incidence


Resolution
Positions
Width
Angles


(m)
Beams
(km)
(degrees)

Fine
8
15
45
37-47

Standard
30
7
100
20-49

Wide
30
3
150
20-45

ScanSAR Narrow
50
2
300
20-49

ScanSAR Wide
100
2
500
20-49

Extended (H)
18-27
3
75
52-58

Extended (L)
30
1
170
10-22

Interferometry

Standard radar images record amplitude information only.  

The most important aspect of SAR for interferometry is that it is a coherent imaging system, retaining both amplitude and phase information in the radar echo during data acquisition and subsequent processing. 

SAR interferometry exploits this coherence, using the phase measurements to infer differential range and range change in two or more SAR images of the same surface. The resulting phase difference image is known as an Interferogramme.

Topographic height 

Can be measured from the differential range measured by two radar antennas mounted on a single platform looking at the same surface simultaneously.

Small movement of land surface features

Can be measured by superimposing SAR images of the same surface obtained at different times (called Differential INSAR), as if they were from a single SAR Interferometer

it is possible to detect very small displacements over periods of days to years with a scale (global), accuracy (millimeters), and reliability (day or night, all weather). 

Requires the use of near exact repeat orbits with a baseline of up to a few hundred m

Interferogram

The bright part of the fringes are where the phase of the two SAR images interfere constructively and the dark areas are where the SAR images interfere destructively. 

One complete set of fringes represents a shift of half a wavelength, because the radar wave must cover the round-trip distance back and forth. 

The fringe width can be adjusted by modifying the radar wavelength used. 

For the European satellite ERS-1, a set of fringes marks a change of just three centimeters in the amount of ground motion.

Passive Microwave


Measures brightness temperature (TB) at microwave wavelengths at different polarizations


TB is the temperature of a black body


It is assumed that the radiation reaching the satellite is black body radiation 



originating from a target with a brightness temperature TB
TB = e T

Where T is the physical temperature and e is the emissivity

Sea Ice

At microwave frequencies, the emissivity of water is much lower than the ice

Can be taken advantage of to measure ice properties.

SSM/I Winds

Over calm ocean, the emissivity at SSM/I observation frequencies is very low, with only the effects of the intervening atmosphere (e.g., water vapor, clouds, and rain) causing a "warming" of the radiation measured by the satellite. 

The effect of increased wind speed is to "roughen" the calm surface through the formation of capillary waves and foam. 

The net effect is to increase the emissivity and hence, the satellite measurement. 

The 37 GHz channels are the most sensitive to this phenomenon. However, the detection of wind speed variations are limited to mainly non- raining atmospheric conditions, as dense clouds and rain tend to mask the ocean surface. 

An algorithm developed by Goodberlet, et al (1989) was used to produce the monthly wind fields, which represent conditions at a 19.5 meter height.

Wind speed (m/s) =147.90+1.0969*TB19v-0.4555*TB22v-1.7600*TB37v+0.7860*TB37h

Salinity


Still under development


Done mostly using aircraft rather than satellites


Not very accurate yet

