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Abstract—Synthetic aperture radar (SAR) data are widely
used for remote sensing applications, such as change detection
and environmental monitoring. This paper presents a recent
measurement campaign for SAR images using the LORA system
and investigates the applicability of the collected data for change
detection. The region of interest in this study is a busy commercial
harbour area in the south of Sweden. During the measurements,
there were signifcant changes on the ground in the parking
lot as trucks were disembarking a ship. The obtained SAR
images were frst fltered to have similar regions of interest in
the Fourier domain to increase the coherence magnitude. Then,
a constant false alarm rate (CFAR) algorithm was employed to
detect changes with respect to trucks. In addition, optical aerial
images were collected during this measurement campaign and
were utilized to adjust the CFAR detection threshold. As a result,
all the changed and unchanged regions corresponding to the
selected targets were detected successfully. Moreover, a pattern
of trucks’ utilization of the harbour’s parking lot during this
peak time was obtained. The results demonstrate the applicability
of the data from the ongoing measurement campaign and the
possibility of further algorithm development for target detection
and classifcation.

Index Terms—SAR images, LORA system, change detection,
CFAR detector, aerial images

I. INTRODUCTION

Synthetic aperture radar (SAR) data is essential for remote
sensing applications because it provides suitable visual infor-
mation regardless of weather and illumination conditions [1],
[2]. Environmental monitoring, geoscience and climate re-
search, disaster monitoring, and traffc estimation are among
the applications that beneft from SAR images [3].

Wavelength-resolution low-frequency SAR systems operat-
ing at ultra-wideband (UWB), ultra high-frequency (UHF), or
very high-frequency (VHF), such as US tracer, CARABAS-
II, CARBAS-III, and LORA-VHF, are characterized by a
sizeable fractional bandwidth and a broad antenna bandwidth
wavelength of the transmitted pulses [4] and are applied in
different types of stationary or moving human-made object
detection [5]. The speckle noise in wavelength-resolution SAR
systems has an insignifcant infuence on the images. The large
scatterers are associated with low-frequency components, tend-
ing to be stable in time and less infuenced by environmental
effects. Consequently, being useful for change detection [6].

Change detection is a topic of interest in civil and military
applications, such as urban planning [7] and human-made
target detection [8], [9]. Change detection algorithms (CDAs)

are widely employed in different target detection through
multitemporal analysis of SAR images [10]–[12]. Recently,
artifcial intelligence techniques, particularly deep neural net-
works, have been employed as effective tools for target clas-
sifcation in different SAR image experiments too [13]–[15].
These methods were applied for concealed target detection in
the CARABAS-II SAR images, the predecessor to the LORA
system, resulting in a high probability of detection associated
with a low false alarm rate [16]–[18].

This paper describes an ongoing measurement campaign
obtaining SAR images from the LORA system focusing on
a harbour area in the south of Sweden. Accordingly, trucks’
utilization of the harbour’s parking lot is investigated during
peak time using a change detection method. The results are
intended to be used for further planning and development of
the harbour area. The system and data set are described in the
following sections.

II. DATA SET

The LORA system represents a new version of the
CARABAS-II system. It can operate across UHF and VHF
spectrums, using HH-polarized radio waves transmitted within
the 19-90 MHz frequency range; however, the images used in
this study are related to VHF. The wavelengths range from
3.3 to 15 meters, allowing change detection experiments, since
the electromagnetic energy emitted by this radar can penetrate
through forest foliage and, consequently, enable the detection
of targets concealed within forested areas. Furthermore, the
system has the spatial resolution around 2.5 m in both the
azimuth and slant range.

Other important parameters, such as the platform speed,
pulse repetition frequency, aperture step, and coherent in-
tegration angles, were set as 128m/s, 178Hz, 0.72m, and
108o, respectively. The images obtained in this experiment
are matrices of 4096 × 4096 pixels, with a sampling rate
of 1 m × 1 m and represent a ground plane.

This experiment employs two SAR images collected in 2020
in a fight campaign held in Karlskrona, south of Sweden (see
Fig. 1). As shown in Fig. 1(b), the tested region mainly had
three different ground types: forest felds, sea, and urban areas.
Also, a main harbor is located on the site, which is our study’s
region of interest, highlighted by the red square in Fig. 1(b)
and a sample SAR image is presented in Fig. 1(c).

mailto:thomas.sjogren@foi.se
mailto:mats.pettersson@bth.se
mailto:viet.thuy.vu@bth.se
mailto:bruna.palm@bth.se
mailto:saleh.javadi@bth.se


(a)

(b)

(c)

Fig. 1. (a) The deployed aircraft equipped with the LORA system, (b) the
optical image obtained from Google Earth with the marked region of interest,
and (c) a sample SAR image obtained in this measurement campaign.

III. METHODOLOGY

This section describes the method for change detection on
the SAR images in this work to demonstrate the applicability
of the new data set. As a pre-processing step, the SAR
images are fltered to have a similar region of support in
the Fourier space. To do so, a grid search technique is used
to fnd the upper and lower limits of the frequency span
and the integration angle in order to maximize the coherence
magnitude between the SAR images [19].

Then, the region of interest of the SAR images is selected
that corresponds to the harbour area. This busy port comprises
commercial facilities providing a harbour to ships and a large
parking lot for trucks and containers. The difference matrix,
D, is calculated by subtracting the magnitudes of the two SAR

images, I1 ∈ RM×N and I2 ∈ RM×N ,

D = |I1 − I2| . (1)

Then, the difference power matrix as the output of a square-
law detector is computed by Dp = D2 . Afterwards, a 2D
constant false alarm rate (CFAR) detection is applied to the
difference power matrix [20]. In this process, each pixel value
(also known as a cell-under-test (CUT)) is compared to a
threshold to declare detection. The threshold is computed with
respect to the local noise power of the training window in order
to maintain a constant false alarm. The detection threshold is
given by

T = αPn (2)

where α is the scaling factor, and Pn is the local noise
power. In this work, the noise power Pn is estimated over
the surrounding window using the smallest of cell-averaging
algorithm (SOCA) [21]. The numbers of the training band and
guard cells are set according to the expected size of the targets,
which in this case are trucks. In addition, the scaling factor α 
is approximated by

−1/Ntcα = Ntc(Pf a − 1) (3)

where Ntc is the number of training cells and Pfa is the
desired probability of false alarm.

The computed threshold matrix T by the CFAR algorithm
can be used to detect changes in the scene. However, this
measurement campaign contains additional information from
optical images taken by an unmanned aerial vehicle (UAV).
Therefore, several regions are selected in the scene with and
without changes with high certainty according to the optical
images. Thus, the global threshold is computed in a supervised
approach as the mean of the threshold values of the selected
regions, XK I JXX1 

Tmean = Tk(i, j) (4)
KIJ 

k=1 i=1 j=1 

where Tk(i, j) is the threshold value at (i, j) of the kth

selected region. The change detection matrix, C, is estimated
by comparison with the computed mean threshold as( 

1, if Dp(m, n) ≥ Tmean
C(m, n) = . (5)

0, otherwise

The fnal change detection map is computed after applying
morphological operations to the result.

IV. RESULTS AND DISCUSSION

The SAR measurements in this work took place in a span
of one hour. During this time, there was a lot of movement
on the ground as trucks were disembarking from a ship in
the harbour (see Fig. 2). The changes in the scene are mainly
related to the trucks being either stationary or moving during
the SAR measurements.

First, the obtained SAR images were fltered to have a
similar region of support in the Fourier space. Through this
process, the frequency span and the integration angle were



Fig. 2. The aerial images of the scene during the SAR measurements.

computed to be 61.7 MHz and 108◦ , respectively (see Fig. 3).
Afterwards, a region of interest corresponding to the parking
lot of the harbour area was applied to the fltered SAR images
(see Fig. 4).

Then, the absolute difference between the magnitude SAR
images was computed, and consequently, the power signal was
determined. At this stage, the CFAR detector was employed
to estimate a local threshold value for each pixel. The ground
resolution of the SAR images in this work is 1 m×1 m, and the
expected length of trucks with ordinary trailers/semi-trailers is
between 17 m to 25 m. Therefore, according to the expected
target size, the training and guard band sizes around each pixel
are selected to 9 and 2, respectively. Furthermore, the desired
probability of false alarm is set to be Pfa = 0.0005.

After fnding the threshold matrix, fve regions were se-
lected to compute a mean threshold corresponding to changes
concerning the trucks utilizing the parking lot. These regions
were selected with two assumptions: frst, both changed and
unchanged regions were included, and second, the targets were
stationary during each SAR measurement. To do so, targets
1,2 and 4 represented unchanged regions and targets 3 and 5
represented changed regions (see Fig. 5).

Subsequently, the computed mean threshold was applied to
the entire difference power matrix in order to detect changes
in the SAR images. The fnal change detection results are
achieved after performing morphological operations to flter
out noises. As a result, the changed and unchanged regions
were detected correctly for the fve selected targets without

(a) (b)

(c) (d)

Fig. 3. The 2D Fourier transform of the SAR images (a, b) before, and (c,
d) after fltering where kx and kr are the azimuth and range wavenumbers,
respectively.

(a) (b)

Fig. 4. The fltered SAR images of the harbour area for (a) the frst and (b)
the second measurements.

any false alarms. Accordingly, the regions of targets 1, 2, and 4
were detected unchanged, and those of targets 3 and 5 were de-
tected as changed (see Fig. 6). Moreover, the detected changed
regions in other regions in the harbour area concur with the
information from the optical aerial images of the scene during
the SAR measurements (see Fig. 2 and Fig. 6). However, due
to the high movement of the targets in the harbour area in the
measurements span, the exact change detection performance
evaluation in the entire scene is challenging.

The results of this work show a reliable performance for
monitoring traffc and activities of heavy vehicles in the
parking lot of a harbour area. Particularly, it demonstrates
the applicability of the new measurement campaign and the
collected SAR data set for further algorithm development and
analysis. Furthermore, the collected SAR data from successive
years in this measurement campaign will be utilized for further
planning of the harbour area.



(a) (b)

Fig. 5. The aerial images of the selected targets and their regions during (a)
the frst and (b) the second SAR measurements.

(a) (b)

Fig. 6. The fnal change detection results, (a) the changed detection map with
the regions of the selected targets are marked with red rectangles from 1 to 5,
and (b) the overlaid image of the change detection map and the optical image
from Google Earth (the optical satellite image is for illustration purposes and
is not from the measurement time).

V. CONCLUSION

This paper describes a recent measurement campaign col-
lecting SAR images of a harbour area south of Sweden. The
SAR images were obtained using an aircraft equipped with the
LORA system operating at VHF band. In this work, a change
detection algorithm has been implemented to monitor the
harbour’s parking lot utilization by trucks during peak time. To
do so, the SAR images were frst fltered in the Fourier space.
Then, a CFAR detector was implemented to detect signifcant
changes related to trucks on the ground. In addition, the
information from optical aerial images during measurement
was used to select regions for computing the fnal CFAR
detection threshold. The results show that all selected changed
and unchanged regions were detected successfully without
false alarms. This study confrms the applicability of the
new VHF-band SAR data from this measurement campaign
for further planning and development of the harbour area.
Furthermore, this work will be used to develop target detection
and classifcation algorithms in the future.
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