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ABSTRACT

ALIS 4D is a recently upgraded version of the Auro-
ral Large Imaging System (ALIS) - a wide-field optical
system with imagers operating in the visible and near-
infrared regions. ALIS 4D aims to support research on
light phenomena in the upper atmosphere, such as north-
ern lights. It can monitor a large part of the sky with
overlapping fields of view from different stations. In this
context, we raise the following questions: Can we use
ALIS 4D to identify and determine the orbit of space ob-
jects? What can be the main contributions of ALIS 4D
to the space debris tracking framework? How should
an ALIS 4D campaign for such a proposal be scheduled
and executed? Aiming to answer these questions, we de-
veloped an algorithm to identify space object traces and
compute their orbits. Considering the geometry, visibil-
ity, and filters used, we choose a set of images to apply
the algorithm. Data analysis showed that it is possible
to determine a satellite’s orbits using ALIS 4D. To verify
the algorithm, we compared the orbital elements of the
object tracked with ALIS 4D with known space debris
catalogs.
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1. INTRODUCTION

The growth of the space debris population imposes a
threat to the space environment. In this context, moni-
toring these objects for planning action and avoiding col-
lisions becomes a challenge in space engineering. In such
a context, a question arises: Can observation instruments
dedicated to other goals be adapted to contribute to space
monitoring?

In this work, we explore the possibility of using
ALIS 4D, an optical system for studies on northern
lights, to track and determine the orbit of space objects.

2. THE AURORAL LARGE IMAGING SYSTEM
AND ALIS 4D

The Auroral Large Imaging System (ALIS) operated in
its first version from 1993 to 2019. Up to eight remotely-
controlled stations operated by IRF (see Figure 1) in
Northern Sweden composed the ALIS. Each station had
a highly scientific CCD detector and a filter wheel with
space for six narrow-band interference filters. The sys-
tem reached exciting research results:

• The first unambiguous observations of Radio-
Induced Optical Emissions (RIOE, stimulated by
the so-called EISCAT Heating facility, sometimes
called ”artificial aurora”) at high latitude [1];

• the first 3D-reconstruction of radio-induced optical
emissions [2];

• the first ground-based day-time auroral images [3];

• observation of water in a Leonid meteor-trail [4];

• first unambiguous observations of radio-induced
N+

2 emission (4278 Å, ”blue” auroral line) [5];

• the first and unexpected observation of radio-
induced optical emissions when transmitting in ex-
traordinary wave-mode [6].

The four stations that were used in this study, Abisko (A),
Kiruna-knutstorp (K), Silkkimuotka (S), and Tjautjas (T),
are displayed in Figure 1.

In 2019, ALIS 4D replaced ALIS by upgrading the sta-
tions with EMCCD imagers combining high time resolu-
tion (≥ 25 images/), good spatial resolution (ca. 750 m
at 100 km altitude) with possibility of almost continuous
imaging with overlapping fields-of-view from several sta-
tions.
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Figure 1. ALIS 4D map. Stations used in this study were:
Abisko (A), Kiruna-knutstorp (K), Silkkimuotka (S) and
Tjautjas (T). ESRANGE (E) was not available during this
study. ([8])

3. FEATURES OF OBSERVATIONS AT HIGH
LATITUDES

One of the most peculiar characteristics of the observa-
tion using ALIS 4D is geographical position, i.e., the
high latitude where the station is. Observers in very high
latitudes (or very low) have more time to observe space
objects (see Figure 2).

On the other hand, space objects in low inclination do
not enter into the field of view of observation at high lati-
tudes. Figure 3 shows the space objects by their size plot
in semi-major axis and inclination and the regions where
these objects are visible in Abisko. One can note that
most of these objects are visible.

Objects with highly inclined orbits are visible from lati-
tudes close to zero, but this only can be done when the
space object crosses the equator plane at sunrise or sun-
set local time. Such a condition restricts the number of
debris and satellites visible in high orbital inclination.

4. DATA ANALYSES

Two of the ALIS 4D filters make it able to observe space
objects. Considering this issue, we performed a cam-
paign on April 1, 2020, from 19:49 to 20:58. The data
used in the present work were taken during this cam-
paign. Figure 4 shows one of the images taken during
the campaign by Kiruna-knutstorp station at 19:49. The
data set files contain one minute of capture in a pack of

116 frames.

4.1. Radon Transform

The first step of our analyses is filtering the data. For
each file, we subtract each frame from its consecutive
one. Therefore, we convolute frames with a constant ma-
trix, remove weak signals and sum all frames. The result
of this process is on panel “A)” of Figure 5, in which two
traces of space objects are in evidence.

After this we apply a two-dimensional Radon transform
(panel “B)” of Figure 5). A Radon transform is a line in-
tegral transform from a function on the plane to another
function on space of lines in the plane. Considering the
traces of space objects have shape of line on the domain,
their pixels creates a peak of intesity on the image. We
select the 20 peaks of intensity in the Radon transform.
After we convert the peaks in lines (panel “C)” of Fig-
ure 5), one can note that two of these lines match with
the traces.

The next step is to differentiate the lines in positive and
false positive detection. We set a rectangle cut around the
line on the image to analyze it. We extract the data inside
the rectangle and sum the pixels in lines perpendicular to
the line computed by the Radon transform. After join-
ing all frames, we can get a two-dimensional image. The
image is in the middle of Figure 6.

4.2. Second Radon Transform

We divided the images extracted from each line into
packs of frames. Furthermore, we applied the Radon
transform to the result. Figure 6 shows this process. From
each Radon transform, we compute the highest peak.

We plot the magnitude of the peaks (see Figure 7). In
this plot, the lines with stronger signals are the ones that
match the trace.

Finally, we can extract the pixel of the trace using the line
(see Figure 8).

4.3. Image Segmentation

We used the described procedure on all images of the
campaign. Further, the data analysis presented issues re-
lated to the Radon transform convergence. For example,
the photo captured at 19:51 UT (see Figure 9) has a trace
close to the border of the image file that does not match
the lines arising from the Radon transform.

The next step is to divide the image into smaller pieces to
avoid non-convergence. Therefore, we apply the Radon
transform to each image piece and back to the previous
procedure.



Figure 2. Potential time of space object observation for different altitudes. Panel “a)” shows the percentage of the year
for space object observation for different latitudes (y-axis). The percentage of each day for a complete year cycle(y-axis)
of observation from Abisko (panel “b)”) and from equator (panel “c)”)



Figure 3. Sample of space objects characterized by size ([8]). The green region defines the region where small space
objects (cross-section < 0.1m2) are visible by the naked eye at Abisko latitude, and the blue region is the same for
medium size space objects (0.1m2 < cross− section < 1m2).

Figure 4. Image of 1 min taken by Kiruna-knutstorp sta-
tion in 2020-04-01 at 19:49 UT.

5. FINAL REMARKS

We have shown the procedure we are developing to iden-
tify traces of space objects in ALIS 4D data. Our main
goal is to automatize the process of track and obit de-
termination aiming to use ALIS 4D to contribute to the
space awareness scenario.
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tillväxt/Space for innovation and growth) with the objec-
tive of developing the space region in northern Sweden.

REFERENCES
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Figure 5. Panel A): Image captured at 19:49 UT and filtered. Panel B): Radon Transform of panel A with 20 peaks
selected. Panel C): Original image with the 20 lines identified by the peaks of the Radon transform. Panel D): Represen-
tation of the cut we intend to further analyse by expanding in the time dimension.



Figure 6. Image of one line in the dimensions of the line vs. the frame. Around the images are the cuts and the respective
Radon transform.



Figure 7. Magnitude of the peaks, x-axis is the line ex-
tract from the first Radon transform in sequence and y-
axis is the piece of the image extracted from each line.

Figure 8. Traces extracted from the original image in
Figure 4.
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Figure 9. Left panel: Image taken by the Kiruna-knutstorp station on 2020-04-01 at 19:51 UT. Middle panel: Image with
the 20 lines computed from the peaks. Right panel: Radon transform from the image with the 20 peaks.


