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With the rapid development of Al technology, autonomous driving is becoming a reality. To achieve this, it is important to have a
comprehensive view of road and parking area conditions. However, achieving sufficient coverage is challenging because probe
information is limited by data privacy concerns and road sensors are installed only on major roads. To address these challenges,
we proposed an algorithm to detect vehicles using monochromatic images observed by an all-weather radar called Synthetic
Aperture Radar (SAR). We evaluated the algorithm by comparing its results on SAR satellite images with vehicle counts obtained

through visual inspection. This paper reports the results and discusses the challenges encountered in the process.
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1. Introduction

Technology development is under way to deal with
the increases in major natural disasters and to create an
autonomous driving society. Against this backdrop, expec-
tations are high for technology designed to keep track of
the condition of roads and parking areas widely from
above. The Sumitomo Electric Group has sold and operated
intelligent transport systems (ITS), including sensor
devices for collecting traffic information as well as systems
for distributing traffic information. However, a challenge
with these systems is coverage capability because roadside
vehicle detectors are installed only on major roads and
probe information obtained from vehicles and smartphones
has the issue of installation rate and data ownership rights.

This report discusses the use of an Earth observation
satellite to achieve vehicle detection with the aim of
keeping track of the condition of roads and parking areas
from above. An Earth observation satellite is a satellite
which from space observes all sorts of phenomena taking
place on the Earth, equipped with various sensors, such as
optical and radio frequency sensors. Our goal is to remotely
keep track of the actual condition of roads and parking
areas, using a Synthetic Aperture Radar (SAR)-equipped
satellite (SAR satellite), even in situations where no
Internet-of-things (IoT) sensors or power and/or communi-
cation infrastructure is available on the ground.

2. SAR Satellites

SAR satellites use active microwave sensors to
observe the surface of the Earth. Transmitted signals
emitted by SAR hit objects on the Earth’s surface. The
SAR observes backscattered signals reflected from them.
Correlation processing of this observed signal and a refer-
ence signal produces high-resolution images. Since 2020,
SAR satellites have technically evolved, allowing private
businesses to increasingly develop and launch small
X-band*!' SAR satellites. A number of countries have
launched SAR satellites with spatial resolving power of

1 m or less.

The SAR requires no sunlight for observation, which
makes it capable of conducting observation day and night,
unaffected by weather conditions, as the microwaves used
by the SAR can penetrate clouds. However, in detecting
objects on the Earth, unlike optical sensors capable of
generating color images using multiple wavelengths, the
SAR has image analysis issues, such as production of
monochromatic images based merely on microwave
strengths (see Fig. 1 for an example image) and speckle
noise resulting from reflected-wave interference. This
paper discusses vehicle detection using an image
processing algorithm known as “image segmentation” with
the aim of detecting vehicles accurately from rows of vehi-
cles depicted in SAR satellite imagery.
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Fig. 1. Example of observing a seaport area by SAR
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3. Technique Studied

In this paper, we discuss vehicle detection using
image segmentation, an image processing algorithm. This
algorithm refers to the technique of generating groups of
pixels known as superpixels, based on similarity in pixel-
to-pixel distance and brightness values. In the research area
of analyzing SAR satellite imagery, this algorithm refers to
image processing technology used to estimate forest areas
among regions in images."

This technology uses polygon data*? to first extract
zones in which vehicles are present. Vehicles in the
extracted zones are detected by combining threshold
manipulation intended for brightness-value binarization
with image segmentation. The purpose of threshold manip-
ulation is to reduce speckle noise in images and to make
vehicle boundaries clear.

It is highly likely that in regions densely populated
with vehicles, such as vehicle shipping yards and parking
areas, individual vehicles may have greatly varying bright-
ness values depending on the observation angle and other
conditions. In such cases, threshold manipulation may be
inadequate for counting the ground truth number of vehi-
cles due to the exclusion of vehicles with a relatively low
brightness value from the image. Therefore, in zones where
vehicles are present, a contour extraction technique is
applied to groups of vehicles that are close to each other
and possibly with a similar distribution of brightness value
in order to extract them as rows of vehicles. Then, image
segmentation is applied to each of the obtained rows of
vehicles to count the ground truth number of them.

While various image segmentation algorithms are
available, the current research used Simple Linear Iterative
Clustering (SLIC)® adapting the clustering technique
known as “k-means.” Compared to k-means, SLIC limits
the search to areas in proximity to the center of gravity,
thereby offering advantages in terms of computational
volume. The above-described process flow is illustrated in
Fig. 2.
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Fig. 2. Algorithm’s flow

When using SLIC, it is necessary to preset, as a
parameter, how many segments the image regions should
be divided into. Then, it is further necessary to determine
whether or not the segments generated according to the
parameter are those which represent vehicles. The vehicle
counting part uses a threshold parameter set as a criterion
to determine a given segment to be a vehicle. We counted
the number of vehicles through processes such as using the
relationship between the segment size and threshold param-
eter as a criterion. The values of these parameters were
selected so that they were appropriate based on the vehicle
size and spatial resolving power.

4. Data Used

Table 1 shows data specifications used for evaluation.
The current evaluation used orthorectified*?, geocoded
(GEO) image product data provided by Capella Space
Corporation. Its spatial resolving power is 0.5 m in the
azimuth direction** and 0.5 to 0.7 m in the ground-range
direction.*s Additionally, Fig. 3 shows an original image
representing the vehicle shipping yard of a seaport and the
region evaluated in this study.

The evaluated region was more densely populated
with vehicles than privately operated parking areas, making
separation into individual vehicles highly difficult because
the boundaries between vehicles were obscure even to the
eye. If vehicles are accurately detected even in situations

Table 1. Specification data for SAR satellite imagery used for the evaluation

Observation date 10/13/2022

Frequency X-band
Angle of incidence 43.8°
Satellite orbit Ascending
Observation mode Spotlight
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Fig. 3. Original image and evaluated region of the vehicle shipping yard
of a seaport
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like this evaluated region, separation into individual vehi-
cles will become a reality.

5. Algorithm Application Results

The following paragraphs explain the results of
applying our newly developed vehicle detection algorithm
to the evaluated region depicted in Fig. 3.

While vehicles were closely packed in the evaluated
region, Fig. 3 reveals that they were neatly arranged in
rows as, to some extent, orderly groups. Therefore, we
extracted rows of vehicles by using the contour extraction
technique described in Section 3. An example of the results
of extraction is given in Fig. 4
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Fig. 4. Two sub-regions extracted from the evaluated region in Fig. 3

In the entire evaluated region indicated by a red frame
in Fig. 4, brightness values varied from vehicle to vehicle;
in sub-regions, on the other hand, vehicles that were close
to each other tended to have similar brightness values.
Therefore, it is highly probable that accurate vehicle detec-
tion can be achieved by conducting threshold manipulation
and applying image segmentation or other algorithms on an
individual sub-region basis, rather than to the entire evalu-
ated region.

The algorithm was applied to the sub-regions shown
in Fig. 3 while varying the threshold. The results are shown
in Fig. 5. Ground truth values for sub-regions 1 and 2 were
4 and 3, respectively, as determined by visually counting
the number of vehicles.

In Fig. 5, the x-axis represents the threshold used for
image binarization normalized by the maximum brightness
value in each region, while the y-axis represents the devia-
tion from the ground truth value for each threshold.

These results demonstrate that ground truth values
were obtained for a wide range of thresholds.
Consequently, it has been proven that the use of this algo-
rithm enables highly accurate vehicle detection even in
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Fig. 5. (a) Application results for sub-region 1
(b) Application results for sub-region 2

cases where vehicles are densely present, presumably
making separation into individual vehicles difficult.

Meanwhile, the algorithm yielded correct results in
low-threshold regions, although the ideal scenario is that
gradual convergence to the ground truth value occurs as the
thresholds become progressively stricter. However, while
the parameter ranges that yielded ground truth solutions
also contained some incorrect results. This is construed as
originating from incomplete tuning of the internal
processing of the current vehicle-counting logic and of the
relationships between different parameters fixed at empir-
ical values. Improvement measures include tuning of these
factors and expansion to automated parameter setting to
appropriate values based on characteristic quantities such
as the size of sub-regions and brightness distribution. These
challenges should be addressed in the future.

6. Conclusion

This paper reported on vehicle detection technology
designed to monitor traffic conditions from above using a
SAR satellite. An algorithm was applied to test data that
represented a higher density of vehicles compared to
typical parking areas. The results agreed with the findings
from visual verification, demonstrating the feasibility of
vehicle detection using SAR satellite imagery. Going
forward, we intend to enhance the algorithm by automating
the parameter setting based on empirical values and
employing other methods. Furthermore, we would like to
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help the ITS further develop by applying the findings from

the current technology development regarding the analysis

of SAR satellite imagery and by focusing on the implemen- Contributors The lead author is indicated by an asterisk (+).
tation of Al-based automated detection.
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*1 X-band: The X-band refers to a band of microwave

frequencies ranging from 8 GHz to 12 GHz.
*2 Polygon data: A type of graphical data used to

represent geographical regions; polygon data refers to T. HACHIKAWA

closed regions formed with multiple vertices * General Manager, Information Network R&D Center

identified by coordinates.

*3  Orthorectification: Orthorectification refers to the
process of correcting distortion of satellite images,
aimed at correctly placing the image according to the
ground coordinates.

*4,5 Azimuth direction, ground-range direction: The
azimuth direction refers to the moving direction of a
SAR satellite; the ground-range direction refers to the
direction leading from the point immediately below a
SAR satellite to the location of an object on the
Earth’s surface (see Fig. 6).
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