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ABSTRACT

In 2019, a new automatic control system (ACS) of the antenna feed type 3 was put into experimental and then into
regular operation on the RATAN-600 radio telescope, which provided new opportunities for controlling the motion
parameters of the antenna feed elements and, in general, allowed starting a series of methodological work on the
implementation of a new observation mode with tracking of objects. To improve the quality of the tracking mode and
implement the new automated observation modes, it is necessary to integrate a coordinate support system into the ACS
of the antenna feed. The paper investigates approaches to solving the problem of automated coordinate support for the
operation of the antenna feed type 3 on the RATAN-600 radio telescope.
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1 Introduction

The coordinate support of the antenna feed type 3 of the
RATAN-600 radio telescope belongs to the well-known class
of coordinate support problems (Savinykh, 2015), which are
reduced to establishing relationships between the geodetic
and astronomical coordinate systems. An observer located on
the ground establishes these relationships using geodetic sys-
tems (Maksimova, 2013). While observing astronomical ob-
jects, it is required to restore astronomical coordinates based
on the previously known relationships between the radiation
pattern of the RATAN-600 radio telescope and the geodetic
coordinate of the center of the secondary (receiving) mirror.
A research problem is the increased accuracy of finding the
current geodetic coordinate, which follows from these rela-
tionships, and requirements for iterative observations. In the
process of observing and tracking space objects (the Sun), a
problem arises due to the contradiction between the required
operational calculation of the current geodetic coordinate
when moving the feed cabin and the transit (stationary) na-
ture of the antenna feed operation, initially determined by the
telescope developers. In particular, Storozhenko et al. (2021)
defined tasks both for closing the feedback of the automated
control system (ACS) of the antenna feed movement (feed
position) and for the ACS subsystem for ensuring observa-
tions (clarifying the true track angle, which is the angular
displacement of the feed cabin location). In this work, we
investigate possible approaches and find an acceptable solu-
tion to these problems. The work aims to create a prototype
of the coordinate support system for the antenna feed type 3.
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Fig. 1. Coordinate system of the feed cabin No. 3 in the antenna
system “South+Flat”; « is the track angle (coordinate of the feed
center on the arc path), and S is the relative angle of the cabin
rotation.

Circular reflector

The problem of determining geodetic coordinates can
be reduced to the problem of calculating local coordinates
(spatial, rectangular) on the section of the arc path of the feed
cabin No. 3 (Maksimova, 2013). The required error of setting
to a given azimuth in the transit mode is defined as 1 mm
(Fig. 1). The local coordinate problem can be formulated as
the calculation of relative coordinates or the calculation of
absolute coordinates (Berka, 1983).
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2 Solution of the coordinate problem,
localization of the coordinate mark

The coordinate support problem can be solved by finding the
absolute coordinate of a machine-readable mark (localization
problem) in the control zone on the path of the feed cabin
along the arc rails (Atali et al., 2018). Additional conditions
are the presence of a sufficient amount of information that
such a mark can contain (several hundred identifiers), noise
immunity of reading this information, and a fast heuristic
algorithm for finding the mark on a raster image. A QR mark
satisfies these conditions (Zhang et al., 2015), and noise im-
munity was investigated in Karrach et al. (2020). The dis-
advantages of this approach include the limitations in the
accuracy of detecting QR coordinates, which is a modern
research problem. In particular, in Teoh et al. (2022), the er-
ror in model calculations is ~ 0.4 mm, whereas in Karrach
et al. (2020), it ranges from 6 to 10 mm. In our case, the
pixel-by-pixel method for restoring the projective transfor-
mation matrix (Teoh et al., 2022) is not applicable due to the
complex interference situation and possible blurring of the
mark boundaries, as well as lens dusting under real operat-
ing conditions. The solution to this problem would be to use
group pixel statistics and, in the best case, transition to the
subpixel measurement range. Nevertheless, in this work, the
accuracy of coordinate restoration was assessed depending
on the distance to the mark for an f2.8 lens. Of the modes
listed, the most promising, from our point of view, is the use
of a distance of 40 cm and 30 cm from the lens for a mark
with a width of 5 cm. To bring the recognition accuracy of
the technical mark to the required level, the applied technique
of two-stage detection (Brinkmann, 1999) was used, as well
as the identification of the supposed object boundaries.

3 Algorithm for recognizing the coordinates of
a machine-readable mark

To provide the observation process with data on the feed
coordinates « and S (Fig. 1), two-coordinate extraction of
a machine-readable mark from a raster image is required.
Various approaches to solving this problem are known, as
presented particularly in Zhong et al. (2017). Since the pro-
posed machine-readable mark has a black-and-white raster,
we used the Hough transform, which is an algorithm used for
parametric identification of geometric elements of a raster
image (Hough, 1962; Ershov, 2018). The search results pass
through a filter for a given heuristic, for example, the location
of intersections in a given square relative to the elements of
the QR mark. Ershov (2018) showed that for a 512 x 512
image, the restoration of the true parameters of a discrete
line by the Hough method has an error of less than a pixel.
In this work, for pairwise lines, the localization error o'R is
defined as for dyadic lines and is limited by the relation

(—log2n) <OoR< —\ﬁ'logzn, (1)
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where n = 2 - k is the side of the image.
In the case of detecting more than one line intersection,
it is possible to use other algorithms, for example, those
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averaging the geometric locus for a more accurate search for
the line intersection coordinate and selection of the best point
based on a selected heuristic (Vinogradov et al., 1977). It is
proposed to combine the QR mark detection algorithm with
finding the coordinates of line intersections (Fig. 2).
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Fig. 2. Image of a machine-readable mark, which contains a QR
marker and coordinate lines, used to restore the coordinate of the
mark setting position.

4 Approbation of the algorithm for recognizing
the coordinates of a machine-readable mark

A prototype of the technical mark recognition system was
required to ascertain the step of the obtained measurement
scale and to determine the optimal lens settings. It consists
of a lifting table with a micrometric screw on which the
mark was fixed, as well as a camera fixed motionlessly, hor-
izontally, with the sighting axis directed toward the lifting
table. A Panasonic WV-SP306 1 MP camera with a Fujinon
YV10x5SHR4A-SA2L 1:1.6/5-50 mm 1/3 CS lens was used.
The estimated characteristic of the sensitivity threshold of
the scale was 120—150 pm at the center of the sighting axis,
and 200-220 pm is the scale division value (expected move-
ment accuracy) on the stand in noise-free conditions inside
the room. Based on the same prototype, the calculation of
the lens distortion matrices was carried out (Penate-Sanchez
et al., 2013). Such estimates are in good agreement with the
calculated ones (Ershov, 2018), according to which, for ROI
of 256 x 256, the lower error estimate is (.57 pixels, and
the upper one is 0.6361 pixels; for ROI of 100 x 100, it is
0.49058-0.5423 pixels. For a lens field of view of 300 mm,
the scale step for a small mark should be 114.66 ym and
126.89 um, respectively. For full-scale tests, a Panasonic
WV-SP306 camera with a Fujinon YV10x5HR4A-SA2L lens
was used, adjusted to a field of view of 300 x 300 mm and
a focus distance of 300 mm to the machine-readable mark.
The tests were carried out on a camera fixed motionlessly on
feed cabin No. 3, with marks placed along the northern rail
of the arc path. The testing methodology included repeated
movements of the feed cabin as accurately as possible to the
initial (starting) coordinate. The feed coordinates were mea-
sured by the developed coordinate support system, as well
as by using an external (reference) Leica measuring com-
plex. Testing showed that the coordinates derived by both
complexes are within the limits allowed by technical specifi-
cations. After removing the lens distortion, the values of the
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discrete resolving power of the system reached 0.34 mm in
units of the traversed path of the feed cabin No. 3.

5 Prototype of the coordinate support system

The software package that implements the functionality is
developed in Python programming language (Rossum et al.,
2001) using OpenCV libraries (Bradski, 2000). To ensure
the output of coordinates to external systems, a REST inter-
face was implemented through HTTP requests. The estimated
frame processing rate was 400 ms. A mode of operation with
two cameras for calculating the track angle was also imple-
mented. For integration into the ACS subsystem, it is further
planned to expand the software functionality by supporting
the Modbus TCP protocol. For the target task of coordi-
nate support, automatic tracking, and calculation of the track
angle, various camera placement schemes were considered:
diagonally north-southwest; above the southern rail; under
the supporting bosses of the secondary mirror. The variant
under the supporting bosses of the secondary mirror of feed
cabin No. 3 allows determining local coordinates with min-
imal influence of feed leveling and bending deformations
of the feed frame. However, taking into account the techni-
cal and economic features of the considered schemes, the
placement above the southern arc rail with the possibility of
installing an additional camera above the northern arc rail
was chosen.

6 Problems and discussion

Approbation of several methods for solving the coordinate
problem showed high complexity in finding an acceptable
solution. Despite the good results obtained on the research
stand, tests on the antenna feed showed that for some co-
ordinate axes, achieving an accuracy of 340 um is possible
only after removing the distortions introduced by the optical
system (lens distortion), which means that the full accuracy
of the algorithm under operating conditions depends on the
design, manufacturing quality of a particular lens and its set-
tings. Tests of the prototype system in April 2023 showed
that the recognition of the combined mark occurs steadily
under precipitation conditions. However, under conditions of
solar illumination in the middle of the day, shading of the
camera with the lens and the camera’s field of view is re-
quired. It is possible to solve this problem by applying binary
gradient search algorithms on raster images with a shift of
the binarization boundary in relation to the Hough algorithm
(Nikolaev, 2023).

Acknowledgments. The authors are grateful to the technician
of the Laboratory of Continuum Radiometers of SAO RAS

3

A.N. Borisov, who took an active part in the assembly and
alignment of the prototype system, as well as to the head
of the RATAN-600 solar observation group A.A. Pervakov,
who left us in April 2025.

References

Atali G., Garip Z., Ozkan S.S., Karayel D., 2018. Academic
Perspective Procedia, vol. 1, pp. 31-38.

Berka Karel, 1983. Measurement: Its Concepts, Theories
and Problems. D. Reidel Publishing Company, Dordrecht,
Holland, doi:10.1007/978-94-009-7828-7.

Bradski G., 2000. The OpenCV Library. Dr. Dobb’s Journal
of Software Tools, vol. 120, pp. 122-125.

Brinkmann R., 1999. The Art and Science of Digital Com-
positing, 1st Ed. Morgan Kaufmann-Academic Press,
p- 184.

Ershov E.I., 2018. Fast Hough Transform as a tool for ana-
lyzing two-dimensional and three-dimensional images in
tasks of searching for lines and linear clustering, PhD the-
sis. Moscow. (In Russ.)

Hough P.V.C., 1962. Method and Means for Recognizing
Complex Patterns, U.S. Patent 30696541962.

Karrach L., Pivarciova E., Bozek P., 2020. J. Imaging, vol. 6,
p. 67.

Maksimova M.V., 2013. Inzhenernye izyskaniya, vol. 2,
pp- 18-21. (In Russ.)

Nikolaev D.P., 2023. Methods and algorithms of Hough anal-
ysis of images in technical vision systems, PhD thesis.
Moscow. (In Russ.)

Penate-Sanchez A., Andrade-Cetto J., Moreno-Noguer F.,
2013. IEEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 35, no. 10, pp. 2387-2400.

Rossum G., Drake F.L., Jr., 2001. Python Reference Manual.
M: Williams. (In Russ.)

Savinykh V.P., 2015. Perspektivy nauki i obrazovaniya,
vol. 2, pp. 51-59. (In Russ.)

Storozhenko A.A., Bogod V.M., Lebedev M.K., et al., 2021.
XXV All-Russian Annual Conference “Solar and Solar-
Terrestrial Physics—2021”. Saint Petersburg, p. 249. (In
Russ.)

Teoh M.K., Teo K.T.K., Yoong H.P., 2022. Computation,
vol. 10, iss. 9, p. 147.

Vinogradov .M., 1977. In Vinogradov [.M. et al. (Eds.), En-
cyclopedia of Mathematics. Moscow: Sovetskaya Entsik-
lopediya, vol. 1. (In Russ.)

Zhang H., Zhang C., Yang W., Chen C.-Y., Member I.,
2015. IEEE International Conference on Robotics and
Biomimetics (ROBIO), Zhuhai, China, pp. 2501-2506.

Zhong X., Zhou Y., Liu H., 2017. Int. J. Adv. Robot. Syst.
vol. 14.


https://dx.doi.org/10.33793/acperpro.01.01.9
https://dx.doi.org/10.33793/acperpro.01.01.9
https://dx.doi.org/10.1007/978-94-009-7828-7
https://dx.doi.org/10.3390/jimaging6070067
https://dx.doi.org/10.3390/jimaging6070067
https://dx.doi.org/10.1109/TPAMI.2013.36
https://dx.doi.org/10.31725/0552-5829-2021-249-252
https://dx.doi.org/10.3390/computation10090147
https://dx.doi.org/10.1109/ROBIO.2015.7419715
https://dx.doi.org/10.1177/1729881417693489
https://dx.doi.org/10.1177/1729881417693489

	Introduction
	Solution of the coordinate problem, localization of the coordinate mark
	Algorithm for recognizing the coordinates of a machine-readable mark
	Approbation of the algorithm for recognizing the coordinates of a machine-readable mark
	Prototype of the coordinate support system
	Problems and discussion

