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Synthetic Aperture Radar (SAR) Coherent Change Detection (CCD)
allows for the detection of very small scene changes. This is particu-
larly useful for reconnaissance and surveillance as small changes such
as vehicle tracks can be identified. In some situations, it is desirable
to rapidly collect repeat pass SAR images for use in change detection,
and multistatic geometries may facilitate this. Such repeat passes may
however have significant baselines, particularly for satellite-based plat-
forms, though CCD products are reliant on high coherence for good
interpretability. This work investigates the sources and levels of inco-
herence associated with bistatic SAR imagery with increasing baselines
using simulations and measured laboratory data.

Introduction: Synthetic Aperture Radar (SAR) allows high-resolution
images to be formed. SAR data can also be used interferometrically
to determine a Digital Elevation Map (DEM) or to sensitively detect
changes within a scene [1]. SAR Coherent Change Detection (CCD) has
the potential to detect very small changes such as the tracks made by
a vehicle. Typically, the two radar platform trajectories are closely re-
peated, with a low baseline, for the best possible CCD results [1, 2].
For satellites, this may necessitate long revisit times which may for ex-
ample lead to decorrelations due to natural processes such as wind and
rain [2]. This would reduce CCD interpretability. If planned multistatic
SAR satellite constellations [3] come into existence, the ability to utilize
trajectories with greater baselines could help reduce revisit times. Such
image pairs may potentially have low coherence. This paper investigates
the sources and levels of SAR bistatic geometry incoherence through
both simulation and laboratory radar measurements.>

Background: SAR image information can be represented in the spatial
frequency domain, also known as K-space, where it is given the name
‘image support’ [1]. The extent of the image support is a composite of

incident minus scattered wave vectors from transceivers, K̃ = −→
ki − −→

ks ,
to the different scene positions. The length of K̃ is proportional to fre-
quency, and to the cosine of the bistatic angle [1]. In the context of co-
herence between SAR images of horizontal terrain the proportion of the
overlapping vertically projected image support area to total projected ar-
eas (K-space overlap) [4] can be used to predict coherence. In the SAR
far-field it is straightforward to calculate K-space overlap. In the SAR
near-field, theK-space overlap varies significantly across the scene, com-
plicating the estimation of coherence [1, 5]. The SAR near-field is de-
fined as the regime where the range d < 2L2cr/λc for centre wavelength
λc and for a scene with cross range extent Lcr.

SAR coherence between two collections γ true has a value between 0
and 1 and is a little different from the coherence estimated directly from
the images γ̂ , which is biased dependent on calculation features such
as the CCD estimation window size [4]. γ true can be decomposed into
factors which are also in the range 0–1 [1, 2, 4, 6, 7]:

γtrue = γtempγSNRγprocγgeom (1)

γproc = γalgγreg (2)

γgeom = γbaselineγRCS (3)

In (1) the factors correspond to decorrelations due to: temporal
changes between the two collections γ temp; signal-to-noise ratio (SNR)
γ SNR; signal processing effects γ proc; and SAR geometry effects γ geom.
In (2) the signal processing term γ proc accounts for decorrelations due
to the image formation algorithm accuracy γ alg and image registration
accuracy γ reg. In (3) the geometry term is decomposed into a calculated

Fig. 1 Image showing the gravel square scene.

Fig. 2 Diagram showing measured bistatic SAR geometries and scene di-
mensions. Each bistatic SAR geometry has transceivers at equal heights and
the scene centre is denoted by ‘O’. SAR, synthetic aperture radar.

baseline correlation term γ baseline which accounts for K-space overlap;
and a Radar Cross Section (RCS) term γ RCS.

The RCS term introduced in [8] accounts for a difference in backscat-
tering dependent on imaging geometry, and could incorporate many ef-
fects including variation in shadowing, multipath, and polarization. The
temporal and baseline correlation terms are typically of most interest
for imaged scenes with developed speckle and low baseline [6, 9], how-
ever at least for bistatic geometries with high baseline, the RCS term is
hypothesized to play a significant role.

Methodology: Bistatic SAR measurements were conducted at the Cran-
field University Ground Based SAR laboratory (GBSAR lab) [10]. The
scene (Figure 1) consisted of a gravel square 2.7 m × 2.7 m. The mea-
surements were conducted with a Vector Network Analyzer (VNA), with
centre frequency of 10 GHz and bandwidth of 4 GHz. Due to the use of a
single VNA, there were no signal synchronization issues associated with
the bistatic measurements—often a significant issue for practical remote
bistatic SAR sensing. The SAR geometries used were constrained by
the available transmitter and receiver vertical scanning rectangular aper-
tures pictured in Figure 2 (black), where the scene dimensions and SAR
geometries measured are also shown.

For each bistatic SAR geometry, transceiver heights were kept the
same and a horizontal aperture of 1.2 m was scanned for both the re-
ceiver and transmitter antennas, which gave equivalent monostatic aper-
tures of length 1.12 to 1.18 m. The six bistatic SAR geometry designa-
tions used ranged from ‘TR1’ to ‘TR6’, with the height progressively
decreasing with increasing index (1–6) and bistatic angle progressively
increasing—crucially, these geometries were chosen, to maintain a sub-
stantial K-space overlap between the SAR geometries. It is noted that
in previous measurements, variation in grazing angle between bistatic
collections did not greatly influence coherence [8].

The transceiver scan geometry parameters are listed in Table 1. It is
noted that the grazing and bistatic angles are spatially variant over the
scene, and the values provided in the table are calculated to the centre
of the scene and gravel region. For TR1 and TR6, there is only a 20-cm
overlap (17% of the aperture). The K-space overlap between the six SAR
geometries was high, with γ baseline ranging from 0.83 to 0.98 as seen in
Figure 3.
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Table 1. Scan geometry parameters for the six bistatic collections.

TR1 TR2 TR3 TR4 TR5 TR6

Bistatic angle, β (°) 36.5 41.5 46.7 52.1 57.6 63.2

Grazing angle, ψ (°) Tx 22.1 19.7 17.2 14.6 11.8 8.9

Rx 22.8 20.4 17.8 15.1 12.2 9.2

BEM 23.7 21.5 19.2 16.6 13.8 10.7

Range (m) Tx 5.16 5.02 4.91 4.81 4.73 4.67

Rx 5.00 4.87 4.75 4.65 4.57 4.51

BEM 5.08 4.95 4.83 4.73 4.65 4.59

BEM aperture length (m) 1.12 1.14 1.15 1.17 1.18 1.18

Transceiver height (m) 1.94 1.70 1.45 1.21 0.97 0.73

BEM resolution Range (cm) 4.1 4.0 4.0 4.0 3.9 3.8

Cross-range (cm) 6.8 6.5 6.3 6.1 6.0 5.9

Fig. 3 Heatmap showing the γ baseline values for the different trajectories.

Tx denotes the transmitter, Rx the receiver, and BEM the Bistatic
Equivalent Monostatic values for the transceiver trajectories. Ranges are
in the respective slant planes. Resolutions are in the ground plane and
estimated at the scene centre.

In addition to the measurements, simulations were undertaken assum-
ing isotropic point scatterers with a density of approximately 26 scatter-
ers per resolution cell. This provided fully developed SAR speckle. The
SAR and CCD processing undertaken was the same for both simulated
and measured data.

Results: The coherence of SAR image pairs was calculated as the mean
over the CCD image. These mean coherence values were then plotted
as a function of the bistatic angle (and by extension grazing angle) dif-
ference between the mission and reference trajectories. The measured
coherence values are shown in Figure 4. As the separation (baseline)
between bistatic trajectories increases, the coherence drops. The coher-
ence also exhibits variation between the polarizations. Additionally, the
coherence values of the measured results were then compared against
the coherence of the simulated results and with the baseline correlation
(γ baseline). These are also shown in Figure 4. The simulated coherence
shows a close match to the γ baseline; however, the measured results ex-
hibit a coherence which becomes lower with increasing bistatic and graz-
ing angle difference.

Due to the nature of the laboratory environment, Equations (1) to (3)
can be simplified to estimate the RCS component: the SNR was high
and approximated to 1; no scene changes were present so γ temp = 1; the
measurement ground truth was well known due to the well-controlled an-
tenna positioning and accurate curved wavefront bistatic back-projection

Fig. 4 Graph of distribution of coherence and γ baseline as a function of the
difference in the bistatic angle. The measured coherence values for all polar-
izations are shown in blue. Simulated coherences are shown in red and the
baseline correlation in green. A curve of best fit was plotted for each.

image formation was used, so γ algorithm and γ reg are approximated to 1.
Hence, the following equation is used to give an estimate for γ RCS,

γ̂RCS = (γ̂Meas (x, y) /γbaseline (x, y)) (4)

The triangular brackets indicate an averaging of the quantities over
the scene. It is noted that due to the SAR near-field nature of the mea-
surements, both the γ baseline and γ̂meas (evaluated within a square sliding
window) vary spatially. Hence, they are functions of image coordinates
(x, y). Therefore γ̂RCS is evaluated as a mean over the spatially vary-
ing fraction in (4). ‘Meas’ denotes that the coherence value is from the
measured data.

An alternative method to estimate γ̂RCS is to use the simulated and
measured CCD images directly, that is without the use of γ baseline. We
have

γSim = γbaselineγalg (5)

γMeas = γRCSγbaselineγalg (6)

where ‘Sim’ denotes the simulated values (where γ RCS Sim=1 due to
the isotropic scatterer assumption). Hence,

γ̂RCS = (γ̂Meas (x, y) /γ̂Sim (x, y)) (7)

As in Equation (4), an averaging over the spatially varying fraction
is performed in (7) due to the SAR near-field nature of the measure-
ments. The results for γ̂RCS generated through (7) match those of (4)
very closely, owing to the close correspondence of γ̂Sim and γ baseline as
is seen in Figure 5.

In Figure 5, γ̂RCS is plotted for the different geometries and polariza-
tions. γ̂RCS can be seen to drop significantly, with increasing bistatic and
elevation angular difference. The decorrelation may be so great that dis-
criminating changes on the ground may not be possible for the greater
bistatic angle differences. For bistatic angle differences greater than 10°,
coherence is seen to be generally greater in the cross-polarization chan-
nels. The HH channel has the least coherence and most variability, which
may be due to ground-multipath effects.

The two γ̂RCS estimates, (4) and (7), can also be compared with the
estimated coherence of spatially variant incoherence trimmed (SVIT)
images γ̂trimmed , which should have a similar value. The K-space
incoherence-trimming excludes non-K-space overlap data from SAR im-
ages and is performed for each bistatic collection pair in a computation-
ally intensive spatially variant manner [5, 11].

The comparison of the three approaches is shown in Figure 5 and
shows a good agreement. The difference between the results may be due
to numerical errors in the calculation of γ baseline and in the spatially vari-
ant K-space trimming process. These are both computationally intensive
processes requiring discretization choices.

Conclusion: The results presented show that SAR image speckle re-
gions can suffer significant decorrelation due to differences in bistatic
and elevation angles. This is interpreted to be due to the related changes
in scattering properties (RCS), even in the presence of high K-space
overlap. The effect is seen to be an important factor that should be
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Fig. 5 Graph showing γ̂RCS estimated with three different methods, plotted
against the difference in the bistatic angle. A point was plotted for each pair
of radar positions and polarization. A curve of best fit was plotted for each.
All four polarizations are shown.

considered when choosing bistatic SAR CCD geometries. For the
bistatic geometries, frequencies, and terrain considered, a difference in
bistatic angle of 22° or greater led to a drop in coherence below 0.8, and
in some cases below 0.7 (for some in HH polarization). For these bistatic
angle differences, there were regions of low coherence which could mis-
takenly be taken for regions of scene change. When combined with a
loss in resolution from the SVIT process, discerning temporal changes
with these geometries may become challenging.

Some differences in coherence were seen between the polarimet-
ric channels, such that above a 10° difference in bistatic angle the
cross-polarizations showed the highest coherence. This result follows
preliminary predictions [12] and it is possible that there may be another
polarimetric decomposition that increases coherence further for this
type of terrain. Further investigation into the behaviour of the bistatic
RCS factor is required, particularly with regard to different ground
types and the impact of grazing angle differences, frequency band, and
polarimetric decomposition. Corresponding CCD performance analysis
experiments [4] would further aid in the interpretation of results.
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