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ABSTRACT

Speckle reduction techniques are applied to SAR im-
agery to produce images that are almost photographic in
appearance ("quasi-photographic imagery"). A road
tracking system designed for use with photographic im-
agery has been used to process this data. The road net-
works extracted from the quasi-photographic imagery are
compared with those produced from optical imagery. It
was found that the performance was affected by the SAR
resolution. Additionally, urban road networks were better
defined when they were parallel to the radar line of sight
than when perpendicular to it.

1 INTRODUCTION

Synthetic aperture radar (SAR) provides a reliable
means for the collection of imagery for mapping pur-
poses, as the quality of the imagery is virtually unaffected
by cloud cover. The objective of the research described in
this paper is to extract road networks automatically from
SAR imagery, for the production of maps.

Techniques for the automatic extraction of road net-
works from high-resolution optical imagery have been the
subject of research and development for a number of
years. There would be an immediate benefit if these tech-
niques could be applied to SAR imagery. This might be
achieved if SAR imagery could be made more like optical
imagery in appearance. The principal difficulty to over-
come is the speckle noise that is inherent to the synthetic
aperture imaging process.

This paper describes processes by which SAR images
were transformed into quasi-photographic image (QPI)
products. This imagery was then processed to produce
road networks using "RoadMap" [1], a semi-automatic
procedure developed by the Carnegie Mellon University.
The road networks extracted from QPI were compared to
those extracted from optical imagery.

2 PRODUCTION OF QUASI-
PHOTOGRAPHIC IMAGERY
2.1 SPECKLE REDUCTION TECHNIQUES

There are essentially two approaches to the reduction
of speckle in SAR imagery. The first is to reduce image

variance by averaging. This can be performed either in
spatial domain e.g. [2] or in time domain e.g. [3]. The
second approach is to propose a statistical model for the
speckle and to determine the mean scattering levels that
best describe the image on the basis of the model e.g.
[4,5]. These types of techniques have been designed spe-
cifically for use with SAR imagery. There are many other
methods e.g. [6,7,8] that address the general problem of
reducing noise in imagery.

The chief draw back of techniques that reduce speckle
by spatial averaging is that they lower the resolution of
the imagery. As a consequence of this there will be a loss
in clarity of edge features within the imagery unless con-
straints are imposed. The method described in [2] pre-
serves edge features by detecting edges within the im-
agery and selecting data for averaging that does not cross
an edge. However narrow linear features are still de-
graded when their width is similar to the averaging win-
dow used by the filter.

If multi-temporal imagery is available speckle reduc-
tion without loss of resolution is possible by performing
incoherent averaging. However a large number of images
(e.g. ~25) are required to achieve the same degree of
smoothing as is typically achieved by spatial filtering.

The method of simulated annealing [5] effectively
eliminates speckle. There are various constraints (e.g.
segment size) that can be made within this process that
refine the final product. In this research, involving the
tracking of linear features, the preservation of linear
structures is an important constraint, but an implementa-
tion of simulated annealing with this constraint was un-
fortunately not available.

General image processing techniques for noise reduc-
tion, such as [6,7,8], were found to be relatively unsuc-
cessful when applied directly to SAR imagery. However
they were found to be beneficial when applied to SAR
imagery that had undergone some initial speckle reduc-
tion processing. The necessary feature of these particular
methods is that they reduce noise while being structure
preservative. Two techniques with these properties were
considered: an adaptive smoothing filter and an adaptive
morphological process.



The structure-preserving filter used was SUSAN
(Smallest Univalue Segment Assimilating Nucleus) [7].
This filter only applies smoothing to pixels that belong to
a homogeneous region. The adaptive morphological proc-
ess [8] consists of a series of dilate and erode operations
that are structure preservative.

The following section describes how the techniques
discussed were used to produce QPI.

2.2 PRODUCTION OF QUASI-PHOTOGRAPHIC
IMAGERY

The QPI imagery has to be produced as single channel
8 bit data to be suitable for input to the road tracking sys-
tem described in Section 3.

The examples of QPI described in this paper were
generated from fully polarimetric L band SAR imagery
produced from data collected by the Deutsche Luft und
Raumfahrt (DLR) airborne system E-SAR [9]. The reso-
Iution of this data is approximately 2 m in ground range
and 1 m in azimuth.

Following a period of experimentation two procedures
for the production of quasi-photographic imagery (QPI)
were adopted. One procedure applied to single date im-
agery the other to multi-date imagery. The steps are sum-
marised in Table 1. The table shows that except for the
first step, the processing is similar.

Single acquisition Multi-temporal data

Multi-polarimetric speckle | Form incoherent channel
filter sums

Form Span image

Convert to decibels

Rescale into 8 bits

Apply SUSAN and adaptive morphology

Table 1: Processing steps for the production of QPI

For the single date imagery the first step involved the
application of the edge preserving Lee filter (7 by 7 win-
dow) [2]. The data was also averaged to produce square
pixels.

The multi-date imagery consisted of 3 images ac-
quired over a period of 5 days. As the multi-date imagery
was collected using precise repeat tracks it could be easily
co-registered. Following this an incoherent average was
formed on the data in each channel. The data was also
averaged to produce square pixel dimensions.

In the second step the multi-polarimetric data chan-
nels allow speckle to be reduced further by the production
of a "Span" image:

Span=|HH[* +|yV|* +2|HV| (1)

At this stage the single date imagery has approxi-
matelyl20 looks and a resolution of about 7 m. The
multi-date imagery has up to approximately 18 looks and
a resolution of about 2 m. The degree of speckle reduction
obtained from the multi-date imagery used was reduced
by the high degree of correlation in imagery obtained
over a relatively short time period.

The span data was then converted to decibel units and
rescaled into the range 0 — 255 prior to further speckle
reduction using SUSAN and adaptive morphological
processing.

Figure 1 shows a portion of the airfield at DLR with
neighbouring buildings and roads. Figure 1a shows a HH
image without any speckle reduction processing, Figures
1b and 1c¢ show QPI products produced from a single date
image and a three image sequence respectively.

3 ROAD TRACKING

One approach for the extraction of road networks
from imagery would be first to extract linear features, and
then to connect those belonging to roads. In practice there
are so many linear features within an image that the
automatic association of those that only originate from
roads is extremely difficult to do reliably. Figure 2 illus-
trates this showing a single date QPI and extracted linear
features.

An alternative approach is for an operator to identify
a feature segment that belongs to a road, and to present
this to a tracking procedure that then automatically iden-
tifies the full extent of the road. RoadMap is such a soft-
ware tool, developed by the MAPSLab of Carnegie Mel-
lon University, for the production of road networks from
high-resolution optical imagery. Typically monochrome
imagery with resolution <I m would be input. The tool
provides a substantial time saving over a fully manual
road network extraction.

4 PERFOMANCE

The RoadMap system was used to extract roads from
optical imagery (0.8 m resolution) and QPIs produced
from single and multi-date imagery. The town in the im-
agery is a suburban area with many trees and irregularly
placed individual houses. Figure 3 shows examples of the
extracted road features. Although the resolution of the
multi-date QPI is higher than that for the single date QPI
about the same fraction of roads (35%) relative to the
optical imagery were detected.

Analysis of the detected roads shows that the meas-
ured widths of the road features were higher in the single
date QPI; this is a direct consequence of the lower resolu-
tion of these products (Figure 4).

Roads that were perpendicular to the radar line of
sight were more easily seen in the QPI products. This is
partly a consequence of resolution, as a higher proportion
of roads parallel to the line of sight were detected in mul-
tiple date QPI. However it is thought that irregular over-
lay and shadow effects break up the features of roads per-
pendicular to the line of sight.

5 CONCLUSIONS
By the use of speckle reduction techniques quasi-
photographic images could be produced from SAR im-
agery. This allowed the use of tools for the analysis of
optical imagery to be applied to SAR data, in particular
the RoadMap system for the extraction of road networks.



The performance reported was limited primarily by
the resolution of the source data. This resulted in an over
estimation of road widths in the single date QPI. On bal-
ance therefore, for the data available, the multi-date pro-
cedure gave the most useful information.

In the town the definition of roads perpendicular to
the radar line of sight was less than that of the roads par-
allel to the line of sight. A similar finding was reported in
[10].
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a) HH unprocessed image
Figure 1: QPI products compared to a single HH channel unprocessed image.

b) Single data QPI

¢) Multi date QPI
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Figure 2: Example of linear features in a QPI
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Figure 3: Road networks extracted from optical and QPI imagery
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Figure 4: Numbers of roads with specific widths




