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ABSTRACT

Knowledge of the current distribution, growth, and population of human settlements is of vital importance not only for census
estimates but also for proper resource management. This study is part of a larger project to examine the use of multispectral
SAR, merged SAR, and merged SAR and MSS sensor systems for settlement, urban growth, and population-related data
collection. The purpose of this paper is to report the influence of wavelength, polarization, and incient angle as variables in
settlement visibility. SIR-C SAR imagery of an arca southwest of Munich, Germany was acquired at two incident angles, three
wavelengths, and four polarizations. - In addition three multispectral SAR composite scenes were examined. Findings indicate
that visibility improved with wavelength regardless of incident angle. The preferred polarization varied but like-polarized
imagery was the poorest. Mullispectral composites produced the highest accuracy. Overall, accuracies for the 17 data sets

ranged from 17 to over 96 per cent.

INTRODUCTION

Knowledge of the current distribution, growth, and population
of human settlements is of vital importance not only for census
estimates but also for proper resource management. Census
data_are often out-of-date, lacking, and at times inaccurate
using current fidkd and sampling procedures, This situation is
particularly truc for developing nations of the world where
populations are growing the fastest, existing data collection
techniques are the least advanced, and where the extent,
frequency, and impacts of migration (especially rural to urban)
the most evident. However, the fact that deVelopcd nations are
seeking new, faster, more frequent, and better methods of
acquiring population data is evidence that a demand also exists
here. The need for current information on population and
human settlement exists at all levels of acquisition.

Information on the patterns of settlement growth at local,
regional, national, and global scales is also needed. For
example, in what specific geographic areas are settlements
being established, growing, or declining? Which settlements
arc expanding and what existing land cover and land use arc
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being converted to urban activity? Answers to such questions
are essential in assessing the current distribution of renewable
and non-rencwable resources and for proper planning for the
future. :

Remote sensing systems are being explored o supply such
information.  The advantages and characteristics of radar
imagery compared to other remote sensing systens are well
known (o the geoscicnee remote sensing community.  The
recent increased availability of SAR data, especially operational
satellite systems, has been accompanied by a rise in the interest
in SAR as a remote sensing system and its potential geoscience
applications. This study is part of a larger project to examine
the use of multi-spectral SAR, merged SAR, and merged SAR
and MSS sensor systems for seftlement, urban growth, and
population-related data collection. Visibility and detection of
scttlements are the first steps in delimiting built-up areas for
population and growth estimates and algorithm development.
The purpose of this paper is to report on the influence of
wavelength, polarization, and incident angle as variables in
scttlement visibility.
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BACKGROUND

Waork to date has shown that wavelength (Bryan, 1975; Haack,
1984; HenderSon and Anuta, 1980), incident angle (Brisco
ct.al, 1983; Henderson, 1995; Hussin, 1995; Kessler, 1986),
and polarization (Haack, 1984; Henderson and Mogilski, 1987,
Lewis, 1968) all influcnce detection of human settlement. The
role of environment has also been explored (Forster, 1985;
Henderson and Anuta, 1980; Lo, 1986; Trevett, 1986). A
review of these system and environmental variables and a
review of radar research in these areas can be found in
Henderson and Xia (in press); and Xia and Henderson (1995).
One of the problems to datc has been the unavailability of SAR
data sets that permit an analysis of more than a single variable.
Most SAR systems acquirc data at a single wavelength,
polarization, and incident angle. This study provides the
opportunity to study these variables simullancously in a single
study area.

STUDY AREA

The study area, approximately 20 by 25 km, is located
southwest of Munich, Germany. The glacial and fluvial-glacial
landscape is part of the Ammer Loissach Huegelland. The
undulating hills reach heights of 750m with a main gradient
from south to'north. Land cover consists primarily of mixed
hardwood and conifer forests, wellands, and meadows and
pastures. The arca is popular with tourists and as-a commuting
suburb to Munich. As a result the arca population has increased
dramatically over the last thirty years. Village populations
range {rom a high of about 10,000 to small groups of only two
or three buildings.

DATA

The study area was imaged by SIR-C SAR on ascending passes
on April 11, 1994 and April 18, 1994. The former pass was
acquired with an incident angle at image center of 28 degrees;
the latter with an incident angle of 57.7 degrees. The data
were resampled to produce a 12.5m resolution ground range
projection and hard copy images at a scale of 1:110,000
generated for interpretation. The entire data set consisted of 17
scenes. The April 11 data set (small incident angle) consisted
of: (1) X-VV; (2) C-VV; (3) C-HH; (4) C-HV; (5) L-VV; (6)
L-HH; and (7) L-HV. The April 18 data set (large incident
angle) consisted of: (1) X-VV; (2) C-VV; (3) C-HV; (4) L-VV:
(5) L-HV; (6) C-total power; and (7) L-total power. In
addition, three multispectral color composite SAR scenes were
produced: (1) X-VV/C-HV/L-VV; and (2) X-VV/L-HV/C—tp
from the large incident angle data and (3) X-VV/C-HH/L-HV
from the small incident angle data.

METHODOLOGY

Each scene was visually interpreted and all sites thought to be
settlements were delimited. SAR scenes were selected for

interpretation in a random order. The images were interpreted
over a three week period with the color composites analyzed
last to minimize any learning curve bias. The results were
compared with 1:50,000 topographic maps of the study area to
determine accuracy and errors.  Fifty-three settlements in the
study arca comprised the data base. Scttlements listing no
population in the census reports were excluded from the study
as being too small.

RESULTS

Wavelength: The best results from the single wavelength
scenes were obtained with the L-band imagery. The poorest
results were from the X-band imagery, with the C-band
accuracies falling in between. This was true for both incident
angles.

Polarization: For the large incident angle data the C-tp image
was the most accurate of the C-band data, followed by the HV
and the VV images. A slight reverse in this ranking was
cvident for the L-band data. Here, the HV image was the best,
followed by the L-tp and the VV images. At the small incident
angle the best C-band image was the HV, followed by the HH
and VV; the rankings were identical for the L-band data. For
all single image data scts the best polarization was the L-HV

image.

Incident “Angle:  The poorest accuracy was - produced
consistently by the small incident angle images. Steep incident
angle imagery was not conducive to settlement detection. When
imagery with the same wavelength and polarization but
different incident angles was compared (5 cases), the large
incident angle was significantly superior in every case.

Color Composite: There were three multispectral SAR data
sets generaled as color composite images. The small incident
angle image was comprised of X-VV/C-HV/L-VV data, and
the two large incident angle images were combinations of X-
VV/L-HV/Ctp and X-VV/L-HV/C-HH. Each of the color
composile images evidenced a synergetic effect, compared to
the individual images. The accuracy of the multispectral SAR
image ranged from 11 per cent to 64 per cent better than the
individual bands that comprised the composite. The two large
incident angle color composites were the most accurate images
of all 17 SAR image data sets.

Table 1 lists the respective images, their accuracy, and number
of commission errors. As can be seen, the detection ranged
from a high of 96.2 per cent for the X-VV/C-HV/L-VV LIA
(Large Incident Angle) composite to a low of 17.0 per cent for
the X-VV SIA (Small Incident Angle) image. The L-HV LIA
image produced the third highest accuracy (83.0%), and the L-
tp image was tied with the SIA color composite (81.1%) for
fourth best.

The worst image was the X-band, VV polarized image
acquired at the small incident angle. The greatest number of
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commission errors (7) was found in that image, the X-band VV
polarized LIA image, and the C-band VV polarized LIA image.
It is apparent that VV polarized imagery is of minimum usc for
scttlement detection, at least for this environment.

L-band imagery, alone or as a component of a color composite,
consistently produced the highest accuracy. A basic principle
of SAR imagery is that the angle over which an anomolously
large backscatler is observed will increase as wavelength
increases (Raney, in press). In other words, the cardinal effect
is enhanced for longer wavelength systems. This would mean
that for buildings in a row, the number that will be equal to or
less than 10 degrees from perpendicular to the incident wave
(and the extent of high signal return) will increasec as
wavelength increases. For very small villages this increased
backscatter at longer wavelengths would produce a larger,
distinet, bright return on the image than that gencrated by
shorter wavelength systems. That alone may not be enough to
cxplain the superiority of the L-band wavelength in settlernent
visibility. Howcever, on the L-band (longer wavelength) images
more of the surrounding grass and meadow surface terrain will
appear smooth (dark) than on the shorter wavelength C- or X-
band images due to the surface roughness criterion. For the
latter images the differences in response and contrast between
seltlement structures and grasses would be less, producing a
more homogeneous appearing landscape. The L-band image
would generate a high backscatter response from a larger arca
of the settlement against a sulrroundin'g arca of low return. The
only other arcas with responses similar to seltlements would be
some forested and wetland areas, and  they would be
distinguishable  from settlements by different shape and
texture. The results of this study support those obscrvations.

The fact that the best single image was HV. L-band supports
earlier work (Bryan, 1975; Haack, 1984; Henderson and
Mogilski, 1987; and Lewis, 1968) that cross-polarized imagery
provides more separation of human settlement structures versus
vegetation due to the role of volume scatter. The accuracy of
the total power images, unavailable to the earlier researchers,
suggests that they may produce equal or. better results than
cross-polarized imagery. Further investigation of total power
images merits attention.

The superiority of large incident angle images also supports
earlier work in similar terrain (Henderson, 1995; Kessler,
1986). Whether better accuracy would be attained with a
slightly smaller incident angle than that used here (57.7
degrees) remains to be addressed.

Each of the color composite images produced higher accuracy
than any of the separatc component images. Although some
scttlements were visible on only one or two of the individual
images, many scttlements on the color composite were not
detected on any of the single band component images. Similar
to many other remote sensing applications, the "multi-" aspect
of multispectral SAR imagery is very important in settlement
detection and  delimitation of the built-up area.  BEach
wavelength may be sensitive to sclect backscatter components
in urban/scttlement arcas. Identification of these factors is the
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subjeet of current rescarch.. The color composites also enhance
settlement visibility by providing improved contrast and color
differences the interpreter uses to separate human scttiement
(bright white rcturns) from natural elements of vegetation,
soils, and water (colors and black).

SUMMARY

A small area of a Europcan northern boreal environment served
as the basis of this study. For such an environment it has been
shown that L-band imagery is superior to X- or C-band
imagery for scttlement detection. Cross-polarized imagery is
the most accurate but total power images may be equal or
better. More comparison of and work with total power images
arc requisite.  Large incident angle images are quile superior
to small incident angle images.  Use of multispectral SAR
composites is the most accurate of all images, but the exact
combination of component images that will produce the
maximum accuracy remains to be determined. Future work
will report on population size, population estimate, and
scttlement infrastructure variables.
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Table 1: Dectection Accuracy of SAR Inages and Color Composites: Wavelength/Polarization/Incident Angle (LIA=Largc

Incident Angle; SIA=Small Incident Angle)
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