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Abstract. This paper provides a brief review of interferometric
synthetic aperture radar (INSAR), its history, the theory, and design /
implementation / processing issues. Along-track, single-pass and
repeat-pass cross-track interferometry are reviewed. Specific topics
addressed include error sources and phase-unwrapping techniques.
Severa examples of INSAR applications are presented.

Introduction

For years synthetic aperture radar (SAR) has been used to produce
photograph-like images of terrain features. Conventional SAR systems
provide a two-dimensond map of the radar reflectivity of the
illuminated scene. While complex data are collected and processed to
produce the SAR image, one of the final steps in its production is to
reduce a complex image (containing both magnitude and phase
information) to a purely magnitude image, with the phase information
being discarded.

Radar interferometry, on the other hand, depends on phase
information. Through interferometry, range information can be
resolved to less than a wavelength. However, interferometry brings
with it range ambiguities that limit its usefulness.

Together, SAR and interferometry provide additiona information to
that of a conventiond SAR. Depending on the implementation,
interferometric SAR, or InSAR, can survey height information of the
illuminated scene, measure the radia velocity of moving scatterers,
track subtle terrain motions, or detect dight changes in scene content.

History

Graham [ 1974] first demonstrated interferometric SAR by using
an airborne SAR system configured as a crosstrack or vertica
interferometer. He used two vertically separated antennas to receive
smultaneoudy backscattered signads from the terrain. Vectord
addition of these signals produced a pattern of nulls corresponding to
predetermined depresson angles, which, when used in conjunction
with range information, yielded eevation information. He recorded
data optically from two channds: one was the norma SAR data; the
other, the interferometer output containing the null patterns. He
showed that since the multiple nulls were ambiguous, the eevation of
at least one point within the scene must be determined by an dternate
means to resolve the absolute elevation.

Goldstein and Zebker [1987] first employed an aong-track

interferometric SAR configured to measure radia velocity. They used
two horizontally separated antennas to receive backscattered signals
from the moving sea surface. They processed the signals separately to
fom two complex images, which they then combined
interferometricaly; i.e., the phases were differenced pixel by pixd.
They showed that since radia motion of a surface scatterer causes a
phase difference between the two images that is proportiona to the
distance moved, scatterer motion can be measured.

Gabriel and Goldstein [1988] first demonstrated single-antenna,
repeat-pass interferometry by using data collected on two separate
passes of the Shuttle Imaging Radar (SIR-B). Despite the fact that
the orbits were skewed, through refocussing and careful image
registration, they obtained an altitude map of the imaged region.

Theory

Whereas conventional SAR uses a single antenna, InNSAR requires
two antennas separated by a basdline (B). Signals from both antennas
are recorded and processed to yield two complex SAR images of the
same scene. Phases measured in each of the scenes are differenced
on a pixe-by-pixel basis to obtain additiona geometrica information
about the scene.

When the receive antennas are verticaly separated, this phase
difference can be interpreted as pixel height as illustrated in Figure 1.
Pixel height, h, and phase difference, phi are related by [Li and
Goldstein, 1990]:
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h=H-p(cosB) (2)
where the parameters are those shown in Fig. 1 and lambda is the
radar wavelength.

Equations (1) and (2) assume a single-pass system; i.e,, a single
transmit antenna and dua receive antennas. When repeat-pass
interferometry is used, the 2pi term in (1) should be replaced by 4pi

When the receive antennas are separated horizontaly along the
radar velocity vector (adong-track InSAR), phase differences can be
interpreted as scatterer motion proportional to the radia distance
moved in the time required for the rear antenna to move to the position
previoudy occupied by the forward antenna [Goldstein and Zebker
1987]. The phase difference and the radial velocity of the scatterer
are related by
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Figure 1. Typical geometry of a cross-track interferometric SAR. Targets A
and B are at the same azimuth and slant range to antenna 1. In
conventional SAR, where only one antenna is used, the returns from A and
B are projected into the same pixel. In the InSAR configuration both
antennas are used and a phase difference between antennas 1 and 2 can
he used to derive the height for each pixel. (after Li and Goldstein
[1990])
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where lambda is the radar wavelength, B is the baseline distance
between antennas, v is the radar velocity and u isthe radia velocity of
the scatterer.

Regardless of antenna configuration, the processing begins with a
pair of complex pixel values, v1 and v2, that contain the
interferometric data. Working prior to the availability of digita
processing techniques, Graham [1974] used an anadog vector addition
process (described by Ulaby, Moore, and Fung [1982]) to produce null
patterns that reveaed the pixel eevation information. Another
approach is to measure the phase difference of the signal between
each complex pixel pair. The maximum-likelihood estimator (MLE)
that provides this phase difference for distributed, homogeneous
targetsis
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where NI is the number of looks to be averaged [Rodriguez and Martin,
1992] and * denotes the complex conjugate. This technique is widely
used today.

Error Sources
The relationships presented above assume idea conditions. For
example, in developing (3), it is assumed that the antennas

are collinear. Should this not be the case, an additiona phase
difference unrelated to scatterer motion will arise.

Smilarly, a variety of error sources will corrupt the pixd height
estimate [Li and Goldstein, 1990]. Differentiating (1) and (2) with
respect to each parameter, height uncertainties due to each parameter
are obtained. The pixel height uncertainty due to uncertainties in
range, p, due to system clock timing, datasampling clock jitter,
atmospheric propagation delay, €tc., is
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Height uncertainty due to uncertainties in system attitude and basdline
separation are
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Uncertainties in system dlftitude contribute to pixel height uncertainty
as
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Finaly, phase measurement uncertainty contributes to pixel height

uncertainty as
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The mgjor contributors to phase measurement uncertainty are signa-
to-noise ratio, speckle, pixel misregistration, and decorrelation. Noise
will corrupt the phase measurement and, hence, the signal-to-noise
ratio will determine the measurement uncertainty. When a resolution
cdl contains multiple scatterers, the random coherent interference that
gives rise to the fading phenomenon will aso result in speckle. Like
noise, this dso will degrade the phase measurement. Similarly, pixel
misregistration between the two complex SAR images to be
differenced will result in alack of coherency at the pixd level resulting
in degraded phase measurement.

Decorrelation refers to three additional sources of phase
measurement uncertainty: baseline decorrelation, decorrelation due to
target rotation, and decorrdaion from surface motion of individua
scattering centers within a resolution cell [Zebker and Vollasenor,
1992]. The same effect that gives rise to the fading phenomenon will
aso result in differing phase measurements when a distributed
scatterer is viewed from antennas separated by the basdine. This is
referred to as



basdine decorrdation. Likewise, when a complex collection of
scatterers is viewed from two different aspect angles, a decorrelation
of the phase measurement will result, attributed to target rotation.
Finadly, should the arangement of scatterers physicaly change
between observations, this will result in tempora decorreation.
Tempora decorrelation may be significant in repeat-pass INSAR.

The degree of decorrelation (due to the causes listed above)
between two complex SAR images can be measured and is caled the
coherence. Given apair of complex pixel values, v1
and v2, coherence is defined as [Askne and Hagberg 1993]

(10)

where E[..] represents ensemble averaging. An edtimate of
coherence, gamma, can be obtained through spatial averaging.

Phase aberrations may arise during data acquisition or during data
processing. Stevens et a. [1993] and Stevens, Cumming, and Gray
[1994] examine the unique motion compensaion requirements of an
airborne InSAR. Atmospheric refraction can aso introduce phase
aberrations for both single-pass and repesat-pass spaceborne InSAR.
Tarayre and Massonnet [1994] examined the effect of spatia and
tempord fluctuations of both the troposphere and the ionosphere and
smulated the effects on an interferogram, finding that for microwave
frequencies both misregristration and phase artifacts can result. To
compensate for these effects, they developed a concept of fictive
satellite positions and reduced the worst-case misregistration from
about 15 m to less than 3 cm and reduced the effects of phase
artifacts from aworst case of about 6 m to less than 2 cm.

Double Difference

Gabriel, Goldstein, and Zebker [1989] introduced the concept of
differentia interferometric SAR, atechnique capable of detecting very
small elevation changes over large areas. Two interferograms made
from three (or more) complex SAR images collected at different times
are differenced producing a third interferogram, termed a "double-
difference interferogram.” Phase changes due to static topography are
removed, leaving a new phase image with nonzero phases in areas
where the surface has been disturbed between observation times. This
technique used SEASAT SAR imagery collected over agricultura
fields during a 12-day period to reveal eevation changes greater than
3 cm. These éevation changes were attributed to the swelling of
water-absorbing clays.

Phase Characteristics

Phase statistics have been examined and characterized for SAR
interferograms. The effect of therma noise, phase aberrations, and
spectra envelope misalignment upon the phase

uncertainty is trested by Just and Balmer [1994]. Multilook
processing, frequently used for speckle reduction and data
compression, changes the phase characteristics of INSAR data. Lee et
al. [1994] derived the probability density functions of magnitude and
phase for multilook INSAR measurements. When adjacent pixels are
not completely independent, an effective number of looks must replace
the nominal number. Examples are provided by Joughin and
Winebrenner [1994].

Maximum likelihood estimates for InSAR phase, coherence
magnitude, and image sample variance were derived by Seymour and
Cumming [1994].

An additional source of phase measurement uncertainty in repeat-
pass INSAR occurs when the physical surface characteristics change
between observations, known as tempora decorrelation. Zebker and
Vollasenor [1992] demonstrated the feasibility of applying repest-
pass INSAR mapping of vegetated and forested areas.

Processing Issues
Image Registration

Both single-pass and repeat-pass interferometry require that the
two complex SAR images be registered prior to determining the phase
difference, and for the repeat-pass mode this step is nontrivia.
Skewed radar trgectories and differing look angles complicate the
image registration process. Gabriel and Goldstein [1988] addressed
the image registration issue when processing data collected from SIR-
B on crossing-orbital paths. Proper registration of the two complex
SAR images required a resampling of one of the images in both the
alongtrack and cross-track directions. Resampling parameters were
determined iteratively based on the quality of the interference fringes.
Lin, Vesecky, and Zebker [1992] describes a smilar image
registration process using a second image resampled on a 0.1 x 0.1
pixd grid to determine the optimum registration. The average
fluctuation in the phase difference image was the criterion used to
measure regigtration qudity in this technique. Kwoh et al. [1994]
compared the effectiveness of complex correlation, phase fluctuation,
and amplitude correlation techniques and found that for ERS-1 data
collected 35 days apart, the latter technique proved to be superior.

Calibration

INSAR requires relative phase cdibration. Freeman [1992]
examined the calibration requirements of both single-pass and repest-
pass INSAR. Bickel and Hensley [1994] examined the accuracy of
four different techniques for InNSAR phase cdibration including
imaging flat surfaces of known height (such as lake surfaces),
laboratory measurements, and in-flight, closedloop cdlibration. They
found the use of a ddlay line and imaging a lake surface to provide
phase inaccuracies of less than 1°.

Phase Unwrapping
Phase information is measured in modulo 2pi yet height information
requires thewhole phase. A veriety of methods



have been reported to unwrap the measured phase and remove any
ambiguities. Except for problem areas, the two-dimensional phase map
from a properly designed InSAR system will be phase continuous; i.e.,
the true phase changes by less than one-half cycle pixel to pixd.
Problem areas include regions where the signal-to-noise retio is too
smal due to low reflectivity or shadowing and regions where
significant terrain relief results in layover. In addition, speckle will
cause loca discontinuities. Goldstein, Zebker, and Werner [1988]
developed a technique for two-dimensiona phase-unwrapping that
identifies these regions, termed residues. Branch cuts are then defined
in conjunction with the identified resdues and serve to interdict
integration paths, the fina step in the phase-unwrapping process.
Prati, Giani, and Leuratti [ 1990(g)] examined the phase-
unwrapping process and introduced the concept of ghost lines that
delineate a border between regions across which a phase discontinuity
occurs, principaly due to steep ascending dopes. Lin, Vesecky, and
Zebker [1992] approach the problem through a method involving
fringe-line detection. This approach requires performing an edge
detection and again identifies resdue regions. Guarino [1994]
presented a technique, the instantaneous frequency agorithm, that is
reported to be less sendtive to misregistration and to wesk signal-to-
noise ratios than conventional unwrapping agorithms. This technique
involves estimating the phase derivative in two orthogona directions
and then performing a two-dimensond integration. Lo~eld and
Kramer [1994] developed a technique that smultaneoudly filters and
unwraps the phase with an extended linearized Kaman filter that
performs well on smulated INSAR data. A technique for lengthening
the phase ambiguity interval has been reported by Xu et d. [1994]
through the use of multiple INSAR images. Three methods of
combining multiple INSAR images were examined and the results
compared.

Once the phase is unwrapped, to obtain the absolute pixd height,
an absolute phase is required. A point of known eevation within the
scene can be used to provide an absolute elevation reference.
Madsen and Zebker [1992] developed a technique for obtaining the
absolute phase of the scene strictly from the radar signal. This method
involves splitting the range bandwidth into sub-bands and processing
each separately. The result is two SAR images obtained from systems
with dight differences in radar frequencies. This frequency difference
coupled with the INSAR phase-measurement capability enable the
absolute phase to be determined

Processing effects

While SAR processing can contribute to phase decorrelation,
Cattabeni, Monti-Guarnieri, and Rocca [1994] showed that through
a tuning process decorrelaion due to misregistration and defocusing
can be minimized and phase accuracy can be improved. The approach
also addresses a means to reduce volume scattering decorrelation.

Slant-Range Resolution Improvement

Using the variation in elevation look angles inherent in crosstrack
INSAR, Prati and Rocca [ 1993] developed a technique using
multiple SAR surveys to improve the dant-range resolution and
demonstrated an improvement of as much as 50% using SEASAT
data. This technique has aso shown improvement in the dant-range
resolution usng ERS-1 data [Monti-Guarnieri et al., 1993(a); Gatelli
et al., 1994].

System Design / Implementation / Issues
Design Theory

Design of an interferometric SAR, whether along-track or cross-
track, must include an error budget (for examples see Rodriguez and
Martin [1992], Moccia and Vetrella, 1992, Zebker et d. [1994(b)]).
Issues to be considered include the decorrelation sources discussed
earlier and uncertainties in the parameters directly affecting the
measurement of the parameter of interest. As an example, consider
the crosstrack interferometric baseline. In reviewing (7), (8), and (9)
it would seem that larger basdines would result in smaler height
uncertainties. However this ignores both basgline decorrelation and
phase diasing that complicate the phase-unwrapping process
[Hagberg and Ulander, 1993]. For crosstrack INSAR, Rodriguez
and Martin [1992] address the optimum baseline length and dso
define an optimum basdinetilt angle, optimum bandwidth, and an
optimum antenna length.

Single-pass INSAR System Descriptions

Severa INSAR systems have been fielded since Graham [1974]
first demonstrated the concept.

United Technologies Norden Systems has a Ku-band (16.2 GHz)
two-dimensiona InSAR flying on a Gulfstream I aircraft [Held and
O'Brien, 1992; Orwig and Held, 1992, O'Brien et al., 1994]. A
single, large transmit antenna is located above a row of three dong-
track, receive-only antennas. The along-track receive antennas enable
Displaced Phase Center Antenna (DCPA) techniques and aong-track
interferometry to be performed with radia velocity errors ranging from
+ 1 cm to +3 cm. Crosstrack interferometry, accomplished by
receiving through both the transmit antenna and the center receive-
only antenna, provides pixel height estimates accurate to between 1.5
and 5 m. The system is VV polarized and has the capability to relocate
moving targets (Doppler shifter) to their true position within a SAR
image.

The Canadian Centre for Remote Sensing (CCRS) C- and X-band
airborne SAR, which has been operated as a repeat-pass InSAR, has
been modified such that the C-band (5.3 GHz) SAR can operate in
single-pass, crosstrack and dong-track interferometric SAR modes
[Gray et al., 1992; Gray and FarrisManning, 1993; Gray et 4a.,
1994]. The system operates from a Convair CV-580 aircraft and the
second receive antenna is H polarized. The vertical basdine is 2.807
m (with a basdline off-vertica angle of 40.61°), resulting in pixe-
height errors ranging from 1.5 to 5 m. The horizontal basdineis 0.5 m,



resulting in a radid motion senstivity of 24° per m/s and an
unambiguous velocity range of _7.5 m/s.

The Nava Air Wafae Center (NAWC) / Environmenta
Research Indtitute of Michigan (ERIM) X-, C-, and L-band SAR has
been modified such that both the X- and C-band systems have DPCA
cgpability, enabling operation in the dongtrack InSAR mode
[Schuchman et al., 1992]. The system, which operates on a P-3
aircraft, has a basdline of 0.7 m and an unambiguous velocity range of
+1.5m/sat C band.

The NASA JPL P-, L-, and C-band SAR (AIRSAR) was modified
to perform C-band (5.6 cm) cross-track interferometry [Zebker et al.,
1992(a)]. This system, known as TOPSAR, flies on the NASA DC-8
aircraft and is VV polarized. With a basdline of 2.58 m (and a basdline
off-vertical angle of 62.77°), systematic tatistical pixel height errorsin
the 2- to 4-m range are possible, yet effects due to arcraft motion
result in errors ranging from 3 m to 40 m, depending on the terrain.

Sandia National Laboratories has an airborne Ku-band (15 GHz)
cross-track interferometric SAR (IFSAR) with a basdline of 0.2 m
[Bicker and Hensley, 1994].

At least two spaceborne INSAR systems have been proposed as
wdl. Moccia and Vetrella [1992] proposed a tethered InSAR
system. To achieve pixel-height errors acceptable for | :50000 scale
topographic mapping, they propose using either an X-band system with
a100-m baseline or an L-band system with a 1000-m baseline.

A mission denoted as TOPSAT has been proposed to map the
entire Earth in less than a year with an accuracy comparable to that of
1:50000 scde topographic maps [Zebker et al., 1994(b)]. The
projected accuracy in devation is 2 m and 30 m in both dong-track
and crosstrack directions, with a swath width of 10.5 km. Radar
frequencies in L band and Ku band are being considered, with the
corresponding interferometric basdline lengths of about 1000 m and 15
m required to achieve the desired accuracy. Implementation a Ku
band would require a single spacecraft, whereas L-band
implementation would require dual spacecraft in parale orbits.

Repeat-pass INSAR Demonstrations

Repeat-pass INSAR has been demonstrated using a variety of
sensors, both airborne and spaceborne. These INSAR demonstrations
are summarized below.

Gabriel and Goldstein [1988] produced an interferogram using
data collected by the SIR-B SAR during selected portions of its
crossed orbit geometry.

Severa investigators [Goldstein, Zebker, and Werner, 1988; Li
and Goldstein, 1990; Prati and Rocca, 1990; Prati, Giana, and
Leuratti, 1990(a); Prati et a., 1990(b); Seymour and Scheuer, 1992,
Zebker, Villasesnor, and Madsen, 1992(b); Zebker and
Vollasenor, 1992; Prati and Rocca, 1993] have used data collected
from the SEASAT SAR to produce interferograms. For basdlines
ranging from 1000 m to 2000 m, statistical height accuracies ranging
from 1.2 m to 1.6 m were obtained.

INSAR products have been produced using ERS-1 SAR images
[Zebker Villasenor, and Madsen, 1992(b); Askne and Hagberg,
1993; Goldstein et d., 1993; Massonnetet a., 1993; Monti-
Guarnieri et al., 1993(a); Monti-Guarnieri, Prati, and Rocca,
1993(b); Kwoh et al., 1994; Massonnet et al., 1994; Gatelli et a.,
1994; Pasquali et d., 1994; Zebker et al., 1994(a)]. Others have
smulated INSAR products usng ERS-1 data [Hagberg and Ulander,
1993; Joughin and Winebrenner, 1994]. For basdines ranging from
about 500 m to 1100 m, statistical height accuracies ranging from 1.5
m to 2.6 m were obtained.

Shinohara et al. [1992] smulated the performance of an INSAR
using the JERS-1 SAR and found that for a basdine separation of 500
m, height errors ranging from 11 to 25 m could be expected.

Gray and Farris-Manning [1993] demonstrated repesat-pass
interferometry at both C and X bands using the CCRS system that
flies on a Convair 580. In a period of less than 2 hours SAR data were
collected on multiple passes with equivaent horizonta basdines
ranging from 2 m to 19 m. During the experiment, a radar reflector
was moved between observations. Using interferometric techniques,
reflector displacement was estimated and found to agree with actua
displacements within 2 mm.

Finally, a repeat-pass interferogram has been proposed, using what
would undoubtedly be the longest repesat-pass interval reported—more
than 15 years. Using data collected from the spaceborne SEASAT
SAR and airborne L-band SAR, Gatelli et al. [1994] have proposed to
produce an interferogram of regions known for long-term stability,
such as desert areas, to detect integrated tectonic motions.

Applications
Ocean Current Measurement

Goldstein and Zebker [1987] demonstrated the ability to measure
ocean surface currents to a velocity resolution of 4 cm/s with the L-
band InSAR on the NASA CV990 aircraft. Using the L-band NASA
DC-8 InSAR, Goldstein, Barnett, and Zebker [1989] again
measured ocean surface currents to a velocity resolution of 5 to 10
cm/s. Marom et al. [1990], Marom, Shemer, and Thronton [1991],
Shemer, Marom, and Markman [1992], and Shemer and Marom [
1993] showed that, using the L-band NASA DC-8 InSAR, the ocean
surface current velocity and wavenumber spectra measurements can
be obtained. Ocean surface wave velocities consistent with observed
sea state were mapped by Schuchman et a. [1992], using the X-band
NAWC/ERIM InSAR off the coast of Cape Hatteras.

Using interferometric techniques, Orwig and Held [1992], used
the Norden Gulfstream Il InSAR to show enhanced swells, wind
waves, ship wakes and bresking surf aong the coastline. They aso
used the moving target indicator (MTI) capability of the system to
measure ship speed and position. Thompson and Jensen [ 1993]
measured ship-generated internal wave velocities using the L-band
NASA DC-8 InSAR. The



measured velocities were an order of magnitude larger than the in situ
measured surface currents, however. This they attributed to different
modulation strengths of surface Bragg waves advancing and receding
from the radar.

Ocean-surface coherence-time measurement is possible using
multiple-baseline dong-track INSAR such that two independent
measurements of the Interferometric velocity can be made and
coherence times estimated. Using the three along-track receive-only
antennas of the Ku-band Norden Systems InSAR, Orwig and Held
[1992] estimated the ocean-surface coherence time to be
approximately 5 ms at Ku band. Carande [1994] estimated ocean-
surface coherence time at L band to be about 0.1 s, using the L-band
NASA DC-8 InSAR. This was accomplished by operating the along-
track InSAR in a dud-basdine mode; i.e, dternately using the
forward and rear antennas as the transmit antenna and aways using
both on receive. In analyzing dong-track INSAR system application
for ocean current measurement, Ouchi [1994] indicates that, based
on scene coherence time, an X-band system will be superior to an L-
band one, as the former has a shorter integration time.

Topomapping

An obvious gpplication for cross-track interferometry is production
of digital terrain models (DTM). Unlike stereo-pair radar techniques,
where the observable terrain elevation is the order of the resolution
cell size, the observable terrain elevation with INSAR is of the order of
the radar wavelength [Zebker et al., 1992]. Massonnet and
Rabaute [1993] examine the potentia of using INSAR to produce
industrial-quality terrain models and compare the DTM potential of
various spaceborne SAR systems (including SEASAT, SIR-B,
ALMAZ, ERS1, and JERS-1). Zebker et al. [1994(a)] propose a
spaceborne INSAR system capable of producing a topographic map of
the entire Earth each year.

Earthquake-Displacement Monitoring

Differentia INSAR, capable of detecting elevation changes on the
order of a radar wavelength, has been applied to earthquake-
displacement mapping. First proposed by Gabriel, Goldstein, and
Zebker [1989], this application has been demondrated by
Massonnet et a. [1993] and Massonnet et a. [1994] using ERS-1
SAR imagery collected prior to and following the 1992 earthquake in
Landers, Cdifornia. Through spatid averaging, a double-difference
interferogram was produced with an elevation change precision of 34
mm on agrid spacing of 100 m that clearly showed the rupture zone.

Land Classification and Polar Monitoring

Askne and Hagberg [1993] have explored the use of INSAR
phase coherence as an dement in classifying land surfaces,
particularly open fields and forested areas. They have aso explored
the use of coherence as a change detection tool.

Seymour and Scheuer [1992] have demonstrated the

possibility of applying repeat-pass INSAR in near-polar regions

despite numerous frozen and unfrozen waterbodies and varying
wesather conditions. Goldstein et al. [1993] have demonstrated the
utility of INSAR in monitoring Antarctic ice-sheet-flow velocities using
ERS-1 SAR data.

Conclusion

By combining synthetic aperture radar and radar interferometry,
many unique capabilities are presented through Interferometric SAR.
When configured with the two receiving antennas verticaly separated,
high-quality terrain eevation mapping is possble When these
receiving antennas are separated horizontaly, precise surface motions
may be mapped. When an InSAR product, an interferogram, is
produced from complex SAR images collected on separate passes,
scene coherency can be measured. Applications of this technology
include ocean surface monitoring (surface current velocity mapping,
wave spectra, and ocean-surface coherence-time measurement),
topographic mapping, terrain-surface-displacement mapping, land
classification, and ice-sheet-flow monitoring. Both arborne and
spaceborne demonstrations of this technology are reported.
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