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High Resolution Ka-Band Images of a Small Tree:
Measurements and Models

Hyunjun Kim, Joel T. Johnson, Member, IEEE, and Brian A. Baertlein

Abstract—Ka-band (27 GHz to 36 GHz) radar images of a
2.5-m red maple tree, measured in the Ohio State University
ElectroScience Laboratory (ESL), Columbus, compact range,
are presented. Radar images of the tree with and without leaves
were obtained, as well as images of a 6 in diameter metal sphere
obscured by the tree for investigation of attenuation effects.
The large bandwidth (9 GHz) of these measurements provides
a cm scale range resolution, so that backscatter from individual
components of the tree canopy can be separated. In addition,
measurements made as a function of azimuth angle in 0.1 degree
steps allow inverse synthetic aperture radar (ISAR) images to be
obtained with cm scale resolutions in down and cross range. A
single scattering model, in which tree branches are represented as
a deterministic collection of cylinders and leaves as a distributed
collection of curved dielectric sheets, is combined with a detailed
measurement of the tree geometry to provide theoretical ISAR
images for comparison with the measured data. Although in-
complete knowledge of tree geometry limits a direct quantitative
comparison of the measured and modeled returns, a qualitative
comparison of images shows that single scattering models may
be sufficient for obtaining many features of foliage objects in
Ka-band radar images.

Index Terms—High resolution imaging, radar measurements,
synthetic aperture radar (SAR).

I. INTRODUCTION

T HE continuing development and deployment of Ka-band
radar and communication systems motivates the study of

foliage scattering effects at these frequencies. Although several
investigations have been performed previously [1]–[4], the large
bandwidths available at Ka-band were not exploited in these
studies to explore range-resolved backscattering from foliage
targets. While low resolution measurements or images made
with smaller bandwidths [5], [6] do provide useful information
on average properties of foliage scattering, they do not allow
insight into the detailed scattering mechanisms responsible for
foliage returns. In addition, information on average properties
of foliage scattering is not sufficient for the prediction of high
resolution images of foliage objects, as may be desired in radar
scene simulation studies and clutter reduction algorithm devel-
opment.

Theoretical models can provide some insight into scattering
effects in foliage. However, efforts in the remote sensing com-
munity have emphasized lower microwave frequencies such as
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L- or C-band [7]–[12], where the lower available bandwidths
again provide only low resolution properties of foliage backscat-
tering. Theoretical efforts at higher frequencies have been more
limited and have concentrated on scattering models for indi-
vidual foliage components [7], [9], [13], [14]. The verified com-
ponent models were then used in a statistical random medium
model [15]–[17], again to produce predictions only of the av-
erage properties of foliage backscattering.

Several factors complicate the scattering process in fo-
liage at Ka-band, primarily due to the small electromagnetic
wavelength (8.6 mm at 35 GHz), which produces sensitivity
to the small scale features of foliage objects. Thus, foliage
features such as leaf curvature and branch surface roughness,
which can often be neglected at lower frequencies, can provide
observable scattering contributions at Ka-band. Small scale
foliage structures such as small branches or needles must also
be considered, since these structures may become resonant
inside this frequency range. The complexity of a foliage target
at these length scales clearly makes a statistical description
of the medium highly desirable for modeling purposes, but a
statistical description that retains the geometrical properties of
a realistic foliage target is currently not available. Even with a
realistic statistical description, obtaining scattering properties
of scattered fields beyond coherent and incoherent averages
would likely be very difficult.

A modeling approach that can avoid these problems and
enable simulation of high resolution images involves a Monte
Carlo procedure. An electromagnetic scattering model is ap-
plied to realizations of a foliage target type to obtain a sample
of scattered fields or radar images, from which statistical
properties can be deduced. Recent developments in realistic
foliage simulation methods, such as the CREATION [18] or
Lindenmayer system (L-system) [19] techniques, make the
Monte Carlo approach possible, since realistic realizations
of foliage objects can be generated. Numerically exact or
approximate electromagnetic scattering models can potentially
be applied, but again, the small wavelengths at Ka-band make
numerically exact approaches extremely time consuming for
all but the smallest foliage structures. An approximate model
that has been applied in Monte Carlo simulations at lower
frequencies involves a single scattering theory, with foliage
branch structures represented as cylinders [20], [21]. Single
scattering contributions for each cylinder are then added with
an appropriate phase shift for each cylinder [22], to produce
the total scattered field. In addition, [20] considered some low
resolution, lower frequency images of a simulated tree.

In this paper, high resolution Ka-band images of a small tree
measured in the Ohio State University ElectroScience Labora-
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Fig. 1. Maple tree measurement configuration in the compact range.

tory, Columbus, compact range are presented. Detailed mea-
surements of tree geometry are combined with measured image
data to allow interpretation of scattering mechanisms inside the
tree structure. Images were taken of the tree with and without
leaves and also with a 6 in diameter metallic sphere obscured be-
hind the tree to investigate attenuation effects. Measured images
are compared with those obtained from a single scattering model
similar to that of [20]. Results show that that small scale foliage
features are indeed significant at Ka-band and that branch junc-
tions can be important scatterers as well. Attenuation of an ob-
scured target is shown to vary depending on the path through the
foliage medium. Finally, the single scattering model is shown
to qualitatively reproduce many of the features of measured im-
ages, so that a Monte Carlo study with a single scattering model
can be useful for predicting statistical properties of high resolu-
tion foliage object images.

Measurement procedures for the study are discussed in the
next section, and the model and geometrical measurements of
the tree are described in Section III. Measured and modeled re-
sults are presented in Section IV and final conclusions in Sec-
tion V.

II. M EASUREMENTPROCEDURE

The ESL compact range [23] utilizes a 4.9 m4.9 m Sci-
entific Atlanta rolled edge reflector, illuminated by a TEM rect-
angular horn antenna at the reflector focus to obtain near-plane
wave illumination of the target under test. Targets are positioned
in the “quiet” zone region on a rotatable low RCS target sup-
port pedestal, and co-polarized backscattering is received by
the transmitting antenna. An additional receive horn is located
adjacent to the transmit horn (aligned slightly off the reflector
focus) and oriented to receive the orthogonal polarization so that
cross-polarized returns are also obtained. For the results pre-
sented in this paper, only vertical-polarized incidence is consid-
ered, so that only VV and HV cross sections are obtained. At
Ka-band, the system can measure returns from 27 to 36 GHz
in a user-defined frequency sweep. Measured returns are cal-
ibrated through 6 in diameter metallic sphere and 45rotated
dihedral target measurements for copolarizations and cross-po-
larizations, respectively. The effect of antenna cross polariza-
tion coupling was not removed through this procedure (copolar-
izations and cross-polarizations were calibrated independently),
but several calibration tests showed that backscatter returns from
the tree should be accurate to within approximately 1 dB.

A 2.5-m potted red maple tree was selected as the foliage
target to insure a fit inside the measurement facility. The mea-

TABLE I
GEOMETRICAL PARAMETERS OF ARED MAPLE TREE

Fig. 2. Photograph of red maple tree used in measurements.

surement configuration is illustrated in Fig. 1, and basic geo-
metrical parameters of the maple tree are described briefly in
Table I and in more detail in the next section. Fig. 2 is a photo-
graph of the leafy tree at the time of the measurements. Measure-
ments were performed for the tree with and without leaves to
study the backscattering contributions of leaves as well as pos-
sible shadowing effects and interactions between elements. To
study backscatter from a concealed target, measurements were
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also made with the 6 in sphere calibration target, 1.2 m behind
the leafy tree. For all configurations, the tree stood vertically,
and absorbing fences were used to block unwanted returns from
the platform and pot. Cross-polarized measurements were taken
only for the bare tree case.

Backscattering measurements were taken over frequencies
from 27 to 36 GHz with 10 MHz frequency steps, resulting in
900 data samples at each incident angle. A large wooden ro-
tational platform was used to vary the incident azimuth angle
from 270 to 330 and in 0.1 angle steps. These step sizes
in frequency and angle were selected so that image formation
with large down-range and cross-range unambiguous regions
were possible. Two-dimensional (2-D) inverse synthetic aper-
ture radar (2-D ISAR) images were formed using tomographic
processing (a back projection of range profiles at several az-
imuth angles) following [24] with down-range and cross-range
resolutions of 1.7 cm and 2.5 cm, respectively. These images
correspond to a view of the tree canopy mentioned previously
and will be compared to geometrical measurements of the tree
in the following sections.

III. M ODELING APPROACH

As stated previously, the model to be applied in simulating
radar images of the tree is essentially the same as that of [20].
Foliage components are represented in terms of finite dielec-
tric circular cylinders (trunk and branches) or curved dielectric
slabs (leaves), and single scattering contributions from each el-
ement are added with appropriate phase and polarization shifts
depending on their location and orientation. Note that unlike
[20], the influence of the ground is not considered in the model,
due to the near horizontal incidence angle, and since absorbing
fences were placed in front of the tree, eliminating any ground
reflections or interactions.

Single scattering from finite dielectric cylinders is determined
either through a physical optics [25] or eigenfunction-based [9]
approach, depending on the radius of the cylinder relative to
the wavelength. Doubly curved dielectric slab returns are de-
termined through a physical optics, stationary phase method
[14], [26], [27]. The advantage of using a canonical object rep-
resentation is that closed-form expressions exist for scattering
from these objects, greatly reducing the computational com-
plexity. Several measurements of backscattering from foliage
components at Ka-band have confirmed that these approxima-
tions are reasonable for objects with smooth surfaces [14], [28].
However, scattering from pine type branches with appreciable
surface roughness were found to differ from smooth dielectric
cylinder predictions. A heuristic tilted cylinder model was pro-
posed to improve agreement for rough branches [28], but the red
maple branches considered in this study did not have significant
surface roughness so the smooth cylinder model was sufficient.

The main tree constituents of the red maple tree measured are
the trunk, main and sub-branches, and various sizes of leaves, as
described in Table I. The trunk is vertically oriented, again with
no significant roughness on the bark layer except for some small
protrusions on the surface. Main branches grow from the trunk
and have sub-branches, to which leaves are attached. Most of
the estimated 950 leaves are oriented roughly horizontally and

Fig. 3. Reconstructed bare maple tree with 299 cylinders: (a) Side view (b)
Top view.

Fig. 4. Reconstructed leafy maple tree with 299 cylinders and 952 leaves.

have surface curvature as well as surface roughness on the order
of a few millimeters. Modeling backscatter returns from a par-
ticular tree at Ka-band requires precise geometrical information
for all of these foliage components. Clearly, the acquisition of
every geometrical detail for all of these components would be
exceedingly difficult, particularly for the smallest branches and
leaves of the tree. Instead, an approximate approach was pur-
sued, in which accurate geometrical measurements of the large
scale features were made but augmented through an approxi-
mate description of leaf features.

Large scale geometrical measurements were made by cre-
ating a square grid on the floor on which the tree was placed
and then dropping strings from each of 300 points on the tree to
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Fig. 5. Backscattering coefficient versus incidence angle for bare maple tree: (a) 35 GHz, (b) 31 GHz, and (c) 27 GHz.

allow horizontal positions to be read from the grid and height
from the length of string. Radii of each branch segment were
measured with digital calipers, and determined by the averaged
value from two successive points. Pairs of measured points then
described cylinders that make up the large scale tree structure,
and were recorded along with the corresponding cylinder radii.
Measurements were estimated to have less than 1 cm position
error. The resulting large scale tree geometry consisted of 15
cylinders for the trunk and 284 cylinders for the branches and
is illustrated in Fig. 3. Although the reconstructed tree appears
very similar to photographs of the measured tree, the measure-

ment procedure was not able to resolve the smallest branches,
which are neglected in the model. Note the top view of the tree
in Fig. 3 is of particular interest, because the 2-D ISAR imaging
process should approximate this geometry.

The location and orientation of leaves on the modeled tree
was generated through a statistical approach. Observations
of typical properties of leaves on the measured tree showed
their relative positions to be determined by an offset from the
corresponding branches and typical elevation and tilt angles
to be within 60. Based on these observations, leaves were
modeled as offset from branches by a uniformly distributed
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Fig. 6. Angular averaged backscattering coefficient versus frequency for bare maple tree: (a) 270–280 , (b) 295 –305 , and (c) 320–330 .

distance from 0 to 7 cm in both directions, while the leaf
tilt angle distribution was approximated as uniform from 0
(horizontal) to 60 in elevation and uniform from 60 to 60
in azimuth. The accuracy of a uniform distribution for these
parameters was not assessed, as detailed information was not
available but should be reasonable for qualitative comparisons.
The total number of leaves in the model was chosen to be
approximately equal to the estimated number of leaves on the
actual tree. Leaves were considered to be circular spherically
curved disks, with a 6 cm radius of curvature and a radius
modeled as 2 cm plus a uniformly distributed length that varied

linearly with the corresponding branch radius. The resulting
leafy tree model included 952 curved discs with radii between
2 and 5 cm and is illustrated in Fig. 4. Note that the rendering
of leaves in the figure does not reproduce the curved shapes
used in the scattering model.

Dielectric constants of foliage constituents were obtained
from the empirical model of [29] using the water contents spec-
ified in Table I. Permittivity measurements for the red maple
tree were not performed, but variations in element permittivity
are not expected to contribute significantly to qualitative image
features obtained by the model.
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Fig. 7. Measured two-dimensional (2-D) VV ISAR images of a bare maple tree at various look angles:BW = 9GHz,�f = 10MHz,�� = 10
�, and�� = 0:1�.

Clearly, the model developed is based on several approxima-
tions, both electromagnetic and geometrical. Electromagnetic
approximations include use of physical optics techniques, ne-
glect of diffraction, multiple scattering and shadowing effects,
and possible errors in the dielectric constants assumed. Geo-
metrical approximations include a neglect of small branches,
incomplete description of leaf properties, neglect of surface
roughness on the trunk and branch cm scale positioning errors.
For these reasons, obtaining a detailed quantitative assessment
of the single scattering model for this problem is very difficult.
Both electromagnetic and geometrical sources can contribute
to observed errors. Thus, a quantitative comparison of modeled

and measured data will not be pursued. However, a comparison
of images obtained from the model and measurements will still
allow a qualitative evaluation of the single scattering theory
and help to illustrate the properties of foliage scattering that a
single scattering model can be expected to reproduce.

IV. BACKSCATTER RESULTS AND2-D ISAR IMAGES

A. Bare Maple Tree: Angular and Frequency Response of
Backscatter

Fig. 5 plots measured VV backscatter cross sections for the
bare maple tree as a function of azimuth angle at three fixed
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frequencies. Measured cross sections are observed to vary
between 30 and 0 dBsm, with a 14 to 15 dBsm average
over angle, which depends on the frequency. The rapid changes
with azimuth angle are characteristic of constructive and
destructive interference among a large number of scatterers.
Higher backscattering levels are associated with azimuth angles
at which larger branches are oriented broadside to the incidence
direction. These measurements confirm that an average level
for tree backscattering is an incomplete description when such
large variations are observed.

Although again, a direct quantitative comparison of measure-
ment and model is not warranted, it is still of interest to inves-
tigate the relationship between the two results, so model pre-
dictions are also included in Fig. 5. As expected, significant
mismatches are obtained in the comparison, but it is interesting
to observe that the single scattering model retains many of the
characteristics of the measured results.

Fig. 6 plots angular averaged frequency responses around
three aspect angles: 275, 300 , and 325, as defined in Fig. 3.
Each plot was obtained by taking averages of both copol and
cross-pol backscatter cross sections over 10at each frequency.
Copol measured cross sections in general are observed to ex-
ceed modeled results, although one of the aspect angles (320
to 330) shows very consistent agreement between measurement
and modeling. Note also that the angularly averaged backscatter
shows little frequency dependence at each aspect angle. Aver-
ages taken over the entire range of angles (60) demonstrate that
measurement results are an average of 3 dB higher for copol. As
discussed previously, there are several possible explanations for
the observed discrepancies, including both scattering and geo-
metrical effects. Most of these effects would tend to increase
copol model predictions, so the bias appears consistent.

Cross-pol measured results in Fig. 6 are overpredicted by
the model. This is somewhat surprising for a single scattering
model, but radar images shown later in this section provide a
reasonable explanation. It is found in the images that some of
the modeled branches are in a rotated broadside orientation, re-
sulting in large cross-pol contributions for the flat cylindrical
structures considered. These large “specular”-like responses are
not reproduced in the measured data, for which the branch struc-
tures are not flat cylinders. These broadside responses dominate
the model predictions, resulting in a higher angular average in
general. Averages of cross-pol backscatter over the entire range
of angles reduces the errors within 3dB between measurements
and modeling.

The next sections provide a more qualitative comparison of
radar images.

B. Bare Maple Tree: Co-polarized ISAR Images

Fig. 7 plots measured VV 2-D ISAR images for the bare tree
at four azimuth angles. The images were formed using a 10
span of azimuth data and again with a 9 GHz bandwidth, so that
resolutions of 1.7 cm and 2.5 cm were obtained in down and
cross-range respectively. Use of a 10 MHz frequency step and
0.1 azimuth angle step allows sufficient unambiguous regions
to avoid aliasing effects, and the anechoic chamber of the com-
pact range eliminated large returns from all sources but the tree

Fig. 8. Overlay of tree-top view and 2-D VV ISAR images of a bare maple tree
at 270� look angle:BW = 9GHz,�f = 10MHz,�� = 10

�, and�� = 0:1�.
(a) Measured image and (b) modeled image.

target. Pixel intensity is determined by the image magnitude in
decibels and clearly, the resolution of the images is sufficient
to identify individual foliage features. Images should be com-
pared with the top view of the tree in Fig. 3(b), which also de-
fines the azimuth angles referenced in Fig. 7. The relationship
between Fig. 3(b) and the upper left plot in Fig. 7, which has the
same azimuthal orientation, is quite striking, and illustrate that
the major returns are originating from branch structures oriented
broadside to the incident field as well from the central trunk. An
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Fig. 9. Modeled 2-D VV ISAR images of a bare maple tree at various look angles:BW = 9 GHz,�f = 10 MHz,�� = 10
�, and�� = 0:1�.

overlay of the image and tree structure is made in Fig. 8 and fur-
ther shows that significant returns can be obtained from branch
junctions (i.e., points where branches divide). Features obtained
from branches on the down-range side of the tree also show
that attenuation is not significant for this bare and relatively
sparse tree. Images at other azimuth angles in Fig. 7 illustrate
the changing contributions of individual branches as the struc-
ture rotates, again demonstrating the importance of broadside
alignment. Note that the tree structure was not aligned with the
axis of rotation of the platform, so the overall structure moves
as the platform rotates.

ISAR images obtained from the model are illustrated in Fig. 9
at similar azimuth orientations to Fig. 7. Note that the inten-
sity scale has been changed with respect to Fig. 7. Modeled
images were found overall to have a somewhat lower return
level that the measurements, so a wider dynamic range is re-
quired to obtain the full tree image. Again, lower backscatter
returns from the model are expected due to the neglect of many
small scale features of the tree as well as other scattering ef-
fects. The qualitative similarity between images in Figs. 7 and
9 shows that single scattering models can reproduce many fea-
tures of Ka-band foliage images. This is emphasized in plot (b)
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Fig. 10. Two-dimensional HV ISAR images of a bare maple tree at 270 look
angle,BW = 9 GHz, �f = 10 MHz, �� = 10

�, and�� = 0:1�. (a)
Measurement and (b) modeled.

of Fig. 8, where the tree top view and modeled image are over-
laid. Again, this relatively simple model captures many of the
broadside structure and branch junction returns observed in the
measured image.

C. Bare Maple Tree: Cross-Polarized ISAR Images

Measured and modeled cross-polarized ISAR images at a
single azimuth angle are plotted in Fig. 10. Measured and mod-
eled images have identical intensity scales in these figures, with
maximum levels reduced 10 dB below the co-polarized images.
Note in the measured image that the strong central trunk return
observed in VV is not observed in HV, as expected for a verti-
cally oriented cylindrical structure. Single scattered cross-polar-
ized returns should be expected for tilted cylindrical structures
and are observed to some extent in the modeled image. As dis-
cussed previously, branches in a tilted broadside orientation pro-
duce strong cross-pol backscatter returns in the model resulting
in overestimation of measured results. Two such branch struc-
tures are clearly visible in the modeled image, and an exami-
nation of the tree geometry confirmed the broadside orientation
of these structures. Modeled returns in other image regions are
significantly smaller than the measured data, as expected, since
multiple scattered returns can contribute to cross-polarized im-
ages and are not captured by the model. The reduced qualita-
tive agreement between model and measurement in cross-polar-
ized results should therefore be expected for a single scattering
model. The relatively large level of cross-polarized backscatter
obtained (only 10 dB down for some structures) illustrates that
cross-polarized returns can be significant for foliage structures
at Ka-band.

D. Leafy Maple Tree: Co-Polarized ISAR Images

Fig. 11 plots VV ISAR images obtained for the leafy tree
at four azimuth angles. The leafy tree image in Fig. 11 clearly
shows a larger, more complex structure than the bare tree image
in Fig. 7, since leaf scattering is an important feature at Ka-band.
Some of the down range structures visible in Fig. 7 are no longer
visible in Fig. 11, due to increased scattering and attenuation
through the leafy canopy. To better understand attenuation ef-
fects, the 6 in diameter metallic sphere calibration target was
included in the measurement, located approximately 1.2 m be-
hind the tree center. The location of the sphere was such that it
was obscured behind the tree at some azimuth angles, but not at
others, as is clear from observing the sphere return as a function
of azimuth in Fig. 11. It is interesting to observe in the lower left
plot (centered at 305azimuth angle) that the sphere return is
relatively unattenuated even though it is located behind the tree
canopy. Visual observation at this angle confirmed that the tree
canopy was sparse, so that the sphere could be viewed through
the tree with little obstruction. The strong radar returns obtained
confirm that inhomogeneities in foliage structure can result in
varying degrees of target obscuration behind a foliated object.
A worst case rate of attenuation was estimated for the foliated
canopy from the upper right plot, where the sphere appears al-
most completely obscured. It was found that approximately 17
dB of attenuation was obtained for this case.

Fig. 12(a) illustrates the model image at a single azimuth
angle including the effect of the statistically described leaves
discussed previously, plotted on an identical intensity scale with
the measurement. Inclusion of the leaf model, even with an in-
complete geometrical description, is shown to produce a striking
qualitative agreement with the measured image. The more com-
plex structure of the leafy tree compared to the bare tree is



908 IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 38, NO. 2, MARCH 2000

Fig. 11. Measured 2-D VV ISAR images of a leafy maple tree and a 6PEC sphere at various look angles:BW = 9 GHz, �f = 10 MHz, �� = 10
�, and

�� = 0:1�.

reproduced. However, since attenuation is not included in the
single scattering model, down-range features remain strong in
the modeled image compared to the measurements. A simple
procedure was used to introduce attenuation effects into the
model by defining an attenuation factor which depended on
down range path length to each foliage object. The worst case
attenuation per unit length obtained from the obscured sphere
measurements was defined as, giving the path dependent loss
as

loss (1)

where is the total range path length to a given scatterer. The
resulting attenuation factor had a maximum of dB and
was applied in the model by multiplying the backscattering
coefficients with this factor. Fig. 12(b) illustrates the modeled
leafy tree ISAR image after applying the attenuation factor
and clearly reduces down range image returns compared to
the unattenuated image in plot (a). However, use of the worst
case attenuation factor shows the image to be excessively
attenuated compared to the measurement. A more complex
model which considers the amount of foliage matter along the
down range path to each scatterer could address these issues,
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(a) (b)

Fig. 12. Modeled 2-D copol VV ISAR image of a leafy maple tree at 270� look angle (a) without attenuation and (b) with attenuation.

but the complexity was beyond the scope of this investigation.
Overall, however, the simple single scattering model again is
shown to qualitatively reproduce many of the features of the
measured tree image.

V. SUMMARY AND CONCLUSION

High resolution Ka-band backscatter measurements for
a small tree have illustrated many of the important features
of foliage scattering in this frequency range. Co-polarized
and cross-polarized ISAR images illustrate the influence of
broadside oriented vegetation features for copol returns, and
tilted cylindrical structures for cross-polarized returns. Branch
junction effects are also found to be observable in measured
data. Scattering from and attenuation through leaves was also
observed in the ISAR images, and foliage inhomogeneities
were shown to strongly influence the extent to which a target
was obscured. These results confirm the importance of small
scale features in Ka-band scattering from vegetation and
demonstrate that the particular geometry of such features must
be considered if realistic high resolution foliage images are to
be simulated.

A relatively simple single scattering model was proposed and
combined with detailed geometrical measurement of tree prop-
erties to produce simulated images that reproduced many of
the measured image features. Limitations in geometrical knowl-
edge of the tree structure limited a quantitative comparison, but
overall results show that single scattering models can provide
insight into radar images of foliage targets. The neglect of elec-
tromagnetic diffraction and multiple scattering effects was not

observed to cause significant error in co-polarized image struc-
ture, and cross-polarized images also captured measured fea-
tures to a lesser degree. These results motivate further Monte
Carlo studies of foliage images using foliage simulation tools
[18], [19] to obtain a more detailed knowledge of image statis-
tical properties for clutter reduction and scene simulation appli-
cations.
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