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Abstract

The advancement of observational technologies and software for processing and visualizing spectro-polarimetric microwave data
obtained with the RATAN-600 radio telescope opens new opportunities for studying the physical characteristics of solar plasma
at the levels of the chromosphere and corona. These levels remain some difficult to detect in the ultraviolet and X-ray ranges.
The development of such methods allows for more precise investigation of the fine structure and dynamics of the solar atmosphere,
thereby deepening our understanding of the processes occurring in these layers. The obtained data also can be utilized for diagnosing
solar plasma and forecasting solar activity. However, using RATAN-600 data requires extensive data processing and familiarity
with the RATAN-600. This paper introduces RatanSunPy, an open-source Python package developed for accessing, visualizing,
and analyzing multi-band radio observations of the Sun from the RATAN-600 solar complex. The package offers comprehensive
data processing functionalities, including direct access to raw data, essential processing steps such as calibration and quiet Sun
normalization, and tools for analyzing solar activity. This includes automatic detection of local sources, identifying them with
NOAA (National Oceanic and Atmospheric Administration) active regions, and further determining parameters for local sources
and active regions. By streamlining data processing workflows, RatanSunPy enables researchers to investigate the fine structure
and dynamics of the solar atmosphere more efficiently, contributing to advancements in solar physics and space weather forecasting.

Keywords: radio data, solar activity, data access, Python package

1. Introduction

Advancements in observational astronomy have ushered in
an era characterized by the proliferation of big data, particu-
larly in solar physics. The integration of diverse data types for
the same astronomical object, from multiple atmospheric lay-
ers and instruments, has become a standard practice. This in-
terdisciplinary approach offers unprecedented opportunities to
enhance our understanding of the complex dynamics governing
the Sun and its interactions with the heliosphere.

Integrating radio methods and data into the observation and
modeling of the heliosphere is critical for advancing our com-
prehension of the physics behind the heliophysical system and
its interconnected components (Bogod et al., 2017). This im-
portance has been consistently highlighted in numerous stud-
ies, such as Bisi et al. (2015), which underscore the pressing
need for advanced tools and frameworks to effectively manage,
analyze, and interpret the diverse datasets involved.

In this context, the analysis and interpretation of radio data
from the Sun are particularly crucial for gaining deeper insights
into solar physics processes. Moreover, radio data is indis-
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pensable for the development of effective space weather mon-
itoring and prediction systems. With solar phenomena driving
space weather, the ability to analyze radio data can significantly
improve our forecasting abilities, providing vital complemen-
tary information that spans across all layers of the solar at-
mosphere (Bogod et al., 2018). The implications for satellite
safety, telecommunications, and power grids on Earth make this
work even more essential.

Additionally, radio observations hold the potential to in-
crease our understanding of space weather (Smol’kov, 2008),
not just in Earth’s vicinity but also for other solar system bodies.
The detailed study of the Sun-Earth connection, encompassing
everything from the solar dynamo to ground-level events, is of
utmost importance in a world increasingly dependent on satel-
lite and space-based technologies.

The ability to predict the flare productivity of an active region
(AR) during its early emergence is particularly significant (Kut-
senko et al., 2021). From an observational standpoint, radio as-
tronomical data can detect pre-flare activity earlier than optical
instruments, as demonstrated in several pivotal studies (Bogod
et al., 2018; Borovik et al., 2012; Abramov-Maximov et al.,
2015; Peterova et al., 2021).

Instruments like RATAN-600, with their high sensitivity (Bo-
god et al., 2011; Khaikin et al., 2019) and acceptable spatial
resolution (Tokhchukova et al., 2014), play an essential role
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in detecting both powerful and faint microwave sources. This
ability is crucial for analyzing weak events and studying active
regions during their formative stages (Grigor’eva and Livshits,
2014; Peterova et al., 2021). However, access to and process-
ing of this data has traditionally been a complex task, creating
a barrier for researchers eager to explore these rich datasets.

The RATAN-600 instrument boasts a rich history of solar ob-
servations, dating back to at least 1997 (Tokhchukova, 2011),
with a comprehensive archive spanning solar cycles 23, 24, and
the ongoing 25th cycle. This archive contains more than 50000
observations, representing an invaluable long-term dataset for
solar physicists. The data, provided as 1D scans in both left and
right circular polarizations, covers a frequency range of 3–18
GHz (Shendrik et al., 2020). Such an extensive archive offers
unique opportunities for longitudinal studies of solar phenom-
ena, yet without efficient data processing tools, its full potential
remains largely untapped.

Given the volume and complexity of data from solar radio
observations, there is an urgent need for modern, accessible
tools to facilitate data processing and analysis. Tools like the
SunPy library have made solar data more accessible, allowing
researchers from diverse fields, including computer science, to
contribute to solar physics. This development has led to a sub-
stantial increase in research outputs, further underlining the im-
portance of developing specialized Python packages tailored for
radio data processing. Such packages can democratize access
to crucial datasets, accelerating discoveries and fostering inter-
disciplinary collaborations across the academic community.

Unfortunately, the radio-astronomical branch is not fully
covered in Sunpy. To mitigate the issue, we propose a
Python package to streamline the handling of data from
RATAN-600 radio astronomical observations. The RATAN-
600 archive (Tokhchukova, 2011), with data spanning over
two decades, offers researchers a unique opportunity to study
the Sun’s behavior across multiple solar cycles. Since 1997,
RATAN-600 has amassed an archive covering solar cycles 23,
24, and the ongoing 25th cycle, comprising over 30,000 obser-
vations. These 1D scans, provided in both left and right circular
polarizations, span a frequency range of 3–18 GHz (Shendrik
et al., 2020). The sheer scale of this archive represents an in-
valuable resource for solar physicists, yet without the proper
tools to analyze this data efficiently, its full potential remains
untapped.

In this paper, we present the RatanSunPy library, which aims
to provide a user-friendly environment for accessing and pro-
cessing solar radio observations from RATAN-600. The aim
of the library is to facilitate the analysis of vast dataset col-
lected by RATAN-600. It allows for calibration of the samples
in order to facilitate further analysis and comparison with other
sources. The paper is organized as follows. Section 2 presents
a brief overview of the RATAN-600 instrument and the solar
observations obtained from it. Section 3 provides an overview
of RatanSunPy, its main functionalities, and package structure.
Section 4 discusses RATAN-600 data processing methodology,
with a usage example presented in Section 5. Finally, we eval-
uate the quality and efficiency of the code in Section 6, provide
comparisons with similar projects in Section 7 before conclud-

ing with a discussion in Section 8.

2. RATAN-600 Solar observations

2.1. RATAN-600: the World’s biggest reflector
The RATAN-600 is the multi-element-reflector radio tele-

scope composed of free-standing surface elements (Bogod,
2011). The antenna of the telescope is a circular structure with a
diameter of 576 meters and comprises four independent sectors:
Northern, Southern, Western, and Eastern. Inside the RATAN
ring, there is a Flat reflector, measuring 400 meters in length
and 8 meters in width. This reflector is composed of 124 indi-
vidual elements, 3.1× 8.5 meters each. The flat reflector allows
for the creation of a periscope system to observe astronomical
objects (and radio sources) in the southern part of the sky (for
example, the Sun) from the South sector. The flat reflector is ad-
justed depending on the elevation of the observed object. After
that, South sector observes the horizontal beams. (Tokhchukova
et al., 2014). Three of these sectors can be utilized simultane-
ously for three different observational programs. Movable cab-
ins equipped with secondary mirrors and receiving apparatus
are positioned at the focal point of the antenna. Consequently,
the radio telescope operates on a three-mirror principle: ini-
tially, a flat reflector captures the radiation and reflects it to the
South antenna sector, which subsequently directs all the rays
into the cabin. For regular solar observations on the RATAN-
600, the Southern sector with the Flat reflector is employed
(Parijskij, 1993; Akhmedov et al., 1982; Tokhchukova et al.,
2014).

Observations with the RATAN-600 began in 1974 and con-
tinue daily to this day. Regular, continuous solar observations
are available at least from 1997, providing an extensive and
archive of historical observations that is extremely valuable for
researchers. Currently, the main device is the 80-channel spec-
tral radiometric complex (Bogod et al., 2011), with operating
frequencies ranging from 3 to 18 GHz in both right-hand (R)
and left-hand (L) circular polarizations. All available observa-
tions since 1997 can be found at the address of the Prognos-
tic Center of the St. Petersburg branch of the Special Astro-
physical Observatory of the Russian Academy of Sciences 1

(Tokhchukova, 2011). They are stored in the intensity (Stokes
parameter I) and circular polarization (Stokes parameter V)
channels (Yasnov et al., 2011).

I =
R + L

2
, V =

R − L
2

(1)

A newly designed, additional spectrometer for solar observa-
tions at the RATAN-600 radio telescope has been recently de-
veloped and implemented. This advanced decimeter-band sys-
tem provides comprehensive frequency coverage across the 1–3
GHz range and is capable of acquiring data with high spectral
resolution through its 1024 spectral channels. The system rep-
resents a significant enhancement in observational capabilities
for solar studies (Ripak et al., 2023).

1SAO Prognostic Center: http://spbf.sao.ru/prognoz
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Figure 1: SDO HMI magnetogram for 2024/07/31. Image was taken from
https://sdo.gsfc.nasa.gov/assets/img/latest/

2.2. Microwave observations of the solar corona

Solar active regions are complex three-dimensional struc-
tures encompassing the entirety of magnetic phenomena from
the photosphere (Nita et al., 2011), extending through the chro-
mosphere, and into the corona, with various configurations of
closed and open magnetic fields. These regions are associated
with the processes of energy transfer, accumulation, and re-
lease, which are connected with solar flares and coronal mass
ejections. The magnetic field plays a dominant role in all these
processes. Direct measurements of magnetic fields at the photo-
spheric level have been available for a long time through numer-
ous instruments, both ground-based and space observatories.
However, observations of the magnetic field structure in the
chromosphere and corona remain a challenging task yet to be
fully addressed (Stupishin et al., 2018). Nevertheless, valuable
information on coronal magnetic fields can be obtained through
radio astronomical measurements of spectral polarization in the
microwave range (Bogod et al., 2017).

Photospheric data, often referred to as magnetograms, pro-
vide a two-dimensional visual representation of the Sun, as il-
lustrated in Fig. 1. In these images, dark and bright regions cor-
respond to solar active regions, enabling effective localization
and tracking of their evolution over time. In contrast, solar ra-
dio data obtained from the RATAN-600 telescope are presented
as one-dimensional dual-polarization, multi-wavelength scans.
These scans cover a broad frequency range of 3–18 GHz, offer-
ing high spectral resolution (up to 100 MHz), spatial resolution
(up to 18 arcseconds) (Tokhchukova et al., 2014), and remark-
able sensitivity in terms of flux density, reaching values as low
as 0.1 sfu (Shendrik et al., 2020). Therefore, to describe a par-
ticular active region using radio data, it is necessary to isolate

the source of this region from the entire spectrum. This task
must be addressed separately, for example, through Gaussian
analysis. An example is provided, showing a fragment of a
solar magnetogram and the corresponding radio spectrum at a
specific frequency for that moment in time, see Fig.˜2.

Figure 2: RATAN-600 solar data for 2024/31/07, same date as for Fig. 1

Fig. 3 illustrates an overlay of observations from the RATAN-
600 radio telescope on a magnetogram captured by the So-
lar Dynamics Observatory’s Helioseismic and Magnetic Imager
(SDO HMI). This composite image highlights the spatial rela-
tionship between solar radio emissions detected by RATAN-
600 and the magnetic field structures observed by SDO.

Figure 3: Overlay of RATAN-600 Observation on SDO HMI Magnetogram
with NOAA Active Regions Marked 1
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3. RatanSunPy overview

The Python library for working with RATAN-600 data pri-
marily replicates the functionality available through the user
web interface for interactive search, visualization, and on-
line analysis of RATAN-600 data, which can be accessed at
http://www.spbf.sao.ru/prognoz/].

The primary data source for the module is the polarised spec-
tra recorded using the main complex of the Sun with RATAN-
600, covering the frequency range of 3–18 GHz in right and
left circular polarizations. Currently, the library does not sup-
port the processing of decimeter complex data with frequencies
below 3 GHz.

The observation method involves the passage of the solar
disk through a stationary ”knife-edge” antenna pattern. Ob-
servations are conducted simultaneously across all frequency
channels, with observation time determined by the Earth’s ro-
tation speed. During the process, the signal from an empty sky
is also measured, and raw observations are initially calibrated
using a noise generator. Upon completion of each observation,
the secondary mirror is repositioned to a new azimuth, and the
process is repeated.

Initial data quality control procedures are performed on the
servers of the Special Astrophysical Observatory (SAO), while
the RatanSunPy module is responsible for subsequent data
processing. Currently implemented functionality includes:

• Data calibration, subtraction of the quiet Sun level Borovik
(1997).

• Automatic detection of local sources, parameters of
sources estimation

• Identification of local sources with NOAA active regions.

• Calculation of active regions features in microwave radia-
tion Opeikina et al. (2015).

The output of the module includes processed data from the
initial observation scans and tables containing the main charac-
teristics of the local sources and active regions. The workflow
of the tool is illustrated in Figure. 4. The specifics of the func-
tionality implementation and the methodology for working with
RATAN-600 data are described in the following chapter.

From a developer’s perspective, the library is organized in
a manner similar to the popular SunPy library, which is also
written in Python and designed to work with a wide range of
solar data sources. A separate client is implemented for each
data source, which, using information about the time period,
retrieves available data for that specified interval.

Currently, our library includes two clients: SRSClient, de-
signed to obtain information about active regions on the Sun
from NOAA SWPC, and RATANClient, designed to work with
RATAN-600 data. To search for data from a selected source
over a specified time interval, a class named Scrapper is pro-
vided.

To facilitate further expansion of functionality and the inte-
gration of additional data sources, an abstract class, Client, has

been developed. This class serves as the base for classes respon-
sible for working with specific instruments, such as SRSClient
and RATANClient. The class organization is illustrated in Fig-
ure 5

4. Data Processing Methodology for RATAN-600

Utilizing radio astronomical observations from the RATAN-
600 requires a systematic preparation process that involves sev-
eral sequential steps. These steps include defect rejection, cal-
ibration, determining the background level, and obtaining an
averaged scan of the spectral density of the microwave flux
from observations of the quiet Sun. Additionally, the process
involves identifying cyclotron radiation sources in solar active
regions (ARs) and correlating these sources with data on ARs
provided in the Solar Region Summary 2 tables from the Space
Weather Prediction Center (SWPC) of the National Oceanic
and Atmospheric Administration (NOAA). These preprocess-
ing steps were originally developed at the SAO RAS (Shendrik
et al., 2020; Tokhchukova, 2011) and have now been reimple-
mented as a part of Python module in close collaboration with
the core developers.

4.1. Data Calibration

The first and one of the most crucial stages of data processing
is the calibration of the data obtained from the radio telescope.
This procedure is essential because measuring the effective area
of a large antenna like the RATAN-600 is often challenging
or practically impossible. To obtain values close to the actual
ones, it is necessary to scale the scan, which is essentially the
calibration procedure ((Opeikina et al., 2015)).

Traditionally, RATAN-600 has employed two methods for
calibrating observations obtained in units of antenna temper-
atures (Nindos et al., 1996):

• Scaling observations from zero to the antenna temperature
level of the quiet Sun at a point located in a relatively quiet
part of the Sun near the scan center. The table of quiet
Sun antenna temperatures is obtained separately using ad-
ditional observations of the Moon.

• Calculating the area under the observation curve at a given
frequency, which is then equated to the total flux of the
Sun obtained from other radio telescopes with small mir-
rors. An example of such a calibration instrument is the
Nobeyama polarimeters.

However, the SAO laboratory is currently developing a cal-
ibration scheme based on templates of the quiet Sun, as de-
scribed below. For consistency with existing tools for process-
ing data from RATAN 600, we have adopted the same cali-
bration technique in our project. However, users are free to
implement their own calibration methods if desired, providing
flexibility for diverse research needs. Additionally, we plan to

2https://www.swpc.noaa.gov/products/solar-region-summary
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Figure 4: Workflow of RatanSunPy package

Figure 5: Entity structure in RatanSunPy

expand the range of calibration approaches available in future
updates to accommodate broader scientific applications.

The idea behind the method is as follows. A series of solar
observations with minimal solar activity during the minimum
global solar activity cycle was selected using data from the So-
lar Monitor project website. An example of one such obser-
vation in various registration channels (X-ray, Hα, ultraviolet,
magnetogram) is shown in Figure 6. For each selected observa-
tion, the following steps were performed:

• The observations were cleaned of defective and noisy fre-
quencies.

• Centering was performed.

• Calibration was done by convolving the antenna’s direc-
tivity pattern with a ”quiet Sun” model in the form of a
disk of constant intensity.

All these observations were aligned to the same angular ra-
dius and a common abscissa. The mean angular radius of the
solar disk is approximately 950 arcseconds. While the full so-
lar disk fits within +-1000 arcseconds, calibration purposes re-
quire observations to extend beyond the solar disk to include
regions with negligible coronal signal. A region encompassing

Figure 6: Example of the quiet Sun, April 30, 2019

twice the solar radius, or approximately 2000 arcseconds, is
sufficient to meet these requirements. That’s why the data were
then limited to an interval of [−2000, 2000] arcseconds from
the center of the Sun and smoothed at each frequency. Finally,
semi-profiles of the solar disk were formed from the resulting
profiles. Values were taken as the minimum when moving from
the center to the edges, as shown in Figure 7, where the x-axis
represents the distance from the center of the Sun in arcseconds,
and the y-axis represents the specific flux density in solar flux
units (s.f.u.).

The main idea of the calibration method is to use these semi-
profiles of the quiet Sun to scale ”raw” radio astronomical ob-
servations. The automatic processing procedure for scans will
be presented below.

In case of frequency mismatches in the observations, the
quiet Sun data are interpolated to the nearest scan frequencies.
Additionally, the templates are normalized so that the area un-
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Figure 7: Obtained profiles of the quiet Sun

der the curve matches the model of the quiet Sun. This model
is based on the historical observations of the Sun in terms of
brightness temperatures at different frequencies, as exemplified
in the table presented in Shendrik et al. (2020), see 4.1.

Figure 8: Model of the dependence of the quiet Sun brightness temperatures on
frequency based on historical data

However, the templates are described in terms of solar
flux units, so a transition from a brightness temperature-based
model to a radio flux density model is required. This transi-
tion can be made according to the formula derived from the
Rayleigh-Jeans law, which describes the spectral radiance:

Fs = BνΩs = 2 · 1022 ·
kBTbΩsc2

ν2
(2)

Here, Ωs is the solid angle of the Sun [sr], kB is the Boltz-
mann constant [J/K], Tb is the brightness temperature [K], c is
the speed of light in vacuum [m/s], ν is the frequency [Hz], Bν
is the specific intensity of radiation [W/sr m² Hz], and Fs is the
spectral flux density [s.f.u.].

For a small angle, the solid angle can be expressed in degrees
as follows (where α = 0.25◦):

Ωs = π
(
απ

180

)2
(3)

Thus, we obtain the values of the total solar flux depending
on the observation frequency and bring the areas under the tem-
plate profile curves to these values.

The observation must then be scaled so that the background
constant level of solar activity matches the quiet Sun template
as closely as possible at a given frequency. In other words, the
observation is ”fitted” to the template, completing the calibra-
tion process. An example of a raw scan and the resulting spec-
trum after calibration, obtained using the approach described
above and implemented in our library, is presented in Figure 9
and Figure 10

Figure 9: Example of raw scan from Ratan-600

4.2. Automatic detection of local sources

A local source (LS) on the Sun corresponds to a local en-
hancement of the magnetic field and is visually characterized
by a peak on the intensity graph. For automatic peak detection,
the find peaks function from the scipy.signal library was used,
which returns a set of local extrema from a one-dimensional
signal. The signal used for this purpose was the data on circular
polarization V , averaged across all frequencies. This quantity
approaches zero in regions of quiet solar activity, which simpli-
fies the task of automated peak detection. Averaging makes the
peaks more pronounced. An example with the averaged signal
and detected peaks is shown in 11.

However, this method has its limitations. In addition to cy-
clotron sources detected using their polarization differences,
there are also sources with predominantly thermal emission,
which cannot be localized using this approach. Further, to

6



Figure 10: Example of calibrated scan from Ratan-600

improve the signal-to-noise ratio before peak detection, dis-
crete wavelet transform was employed, specifically using Sym-
let wavelets. The symlets are nearly symmetrical wavelets
proposed by Daubechies as modifications to the db family
(Daubechies, 1988).

Figure 11: Denoised signal

4.3. Identification of local sources with NOAA active regions
To identify local sources of radiation (e.g., interspot sources,

sources above the leading sunspot, sources at the base of loops,
etc.), it is necessary to correlate the data with observations from
other observatories across different wavelength ranges. Most
commonly, RATAN-600 data are compared with photospheric
magnetograms (SOHO, SDO), as well as images in the ultravi-
olet (SOHO EIT) and X-ray (Hinode XRT) ranges.

For the alignment of one-dimensional RATAN-600 scans
with two-dimensional images, it is essential to determine the

position of the active region at the time closest to the RATAN-
600 observations. This process involves rotating the image to
match the solar position angle, aligning the center and edges
of the solar disk, and, if the observation times do not match,
adjusting the two-dimensional image to the correct time while
accounting for the Sun’s differential rotation.

In this work, the identification of local sources is imple-
mented using the Solar Region Summary data from the Space
Weather Prediction Center (SWPC). Since the SWPC data are
provided for the end of the day (2400 UTC), it is necessary
to rotate the two-dimensional coordinate system to the time of
the RATAN-600 observations. Additionally, a correction is re-
quired for the position angle −(p+q), where p is the inclination
of the solar rotation axis relative to the declination circle (stored
under the SOLAR P header in the ’.fits’ files) and q is an angle
dependent on the observation azimuth (AZIMUTH parameter)
and the source declination (SOL DEC parameter).

Subsequently, a transformation from the heliographic to the
heliocentric coordinate system is necessary. This requires
knowledge of the heliographic latitude of the central point of
the solar disk and the solar radius, both of which are available
in RATAN-600 observations in the FITS files under the headers
SOLAR B and SOLAR R, respectively. Once these steps are
completed, the local sources can be successfully matched with
the nearest active regions (ARs).

4.4. Calculation of active regions features in microwave radi-
ation.

To compute the physical parameters of LS, it is necessary
to fit a Gaussian to the source data at each frequency. Sub-
sequently, using the parameters of these Gaussians, one can
estimate physical characteristics such as flux area, maximum
intensity amplitude, and others. In addition, it is possible to
calculate the total flux of an AR by summing up the calculated
fluxes from local sources, or alternatively, by integrating a solar
flux curve within the boundaries of AR (Opeikina et al., 2015).

• Quantity of local sources in AR: To determine the number
of local sources, one can compare polarization configura-
tions (Stokes V) or use other data, such as photospheric
magnetograms.

• Methods for detecting local sources: At least two methods,
as well as their combinations, are used: Gaussian fitting
and local maxima detection.

• Flux ratio between fluxes of local sources: One important
consideration is that the total flux of local sources should
be equal to the total flux of the AR. The fluxes from lo-
cal sources should have a physical interpretation. For ex-
ample, most of the flux may be found in the halo of the
AR. Typically, the halo surrounding an active region is not
particularly bright; instead, it appears as a diffuse and ex-
tended source. Despite its low brightness, the halo can
contribute significantly to the total flux due to its large spa-
tial extent, thus, the contribution from the halo should not
be negligible.

7



• Calculating parameters: To calculate parameters such as
width and brightness temperature, it is necessary to know
the radiation beam pattern of the radiotelescope. How-
ever, solar observations with RATAN-600 use a complex
system with three mirrors (the South sector, Flat reflec-
tor, and equipment cabin). While the beam pattern is well
understood, it may vary depending on the methods of cal-
culation or the primary feeds used ( (Tokhchukova et al.,
2014)).

After localizing the sources and associating them with active
regions, the physical parameters of the local sources and the
entire active region are determined using a procedure known as
Gaussian analysis. This procedure is based on the fact that the
one-dimensional profiles of local sources, obtained by scanning
with the antenna’s beam pattern, are approximately Gaussian in
shape. That is, they can be modeled by functions of the form:

f (x) = Ae−
(x−b)2

2c2 (4)

The Gaussian analysis involves calculating the optimal pa-
rameters of the Gaussians such that the difference between their
sum and the curve segment of the specific active region on the
solar disk at the given frequency is minimized using the least
squares method:

len(x)∑
j=0

AR(x j) −
N∑

i=0

F0i e
−

(x j−µi )2

2σ2
i

2 → min (5)

where AR(x) is the curve describing the segment of the active
region on the solar disk at the selected frequency, F0i is the am-
plitude of the Gaussian for the i-th local source, µi is the mean
of the i-th local source, σi is the standard deviation of the i-th
local source, and N is the number of local sources found within
the active region. An illustration of the algorithm’s operation is
shown in Figure 12.

Figure 12: Gaussian analysis for AR 2674 on September 3, 2017

Once the Gaussian analysis is completed, it becomes possible
to calculate certain physical parameters of the local sources and

the associated active regions. These parameters include the to-
tal flux of the source, brightness temperatures, and source sizes.
It is essential to study the evolution of active regions on the Sun,
as these areas provide valuable insights into the Sun’s complex
magnetic field dynamics and the underlying mechanisms that
drive solar activity. By analyzing active regions over time, we
can better understand the conditions that lead to solar flares and
other solar phenomena, ultimately improving our ability to pre-
dict space weather events. Our package enables instruments
for detailed comparisons and analysis of active region spectra
across different wave bands, tracked over time. An example of
this is shown in Figure 13, which illustrates the spectral evolu-
tion of Active Region (AR) 2673 over the course of three con-
secutive days.

Figure 13: Three day of evolution of AR 2673

5. Usage example

5.1. Usage Example
”Comprehensive usage examples can be found in the exam-

ple notebooks available on the project’s github repository 3

and within the official documentation 4.
The main functionality and operations with full-disk scan in-

cludes data loading and FITS calibration. Raw data can either
be stored locally or downloaded from SAO resources. An ex-
ample of code for acquiring data for a specific day is shown
below:

ratan_client = RATANClient()

timerange = TimeRange(’2017-09-03’, ’2017-09-03’)

url = ratan_client.acquire_data(timerange)[0]

print(url)

The result includes the original and calibrated scans, with all
information about the scan contained in the header, and the data
in the corresponding data structure. An example of processing
this data is provided below:

3https://github.com/SpbfSAO/RATANSunPy
4https://spbfsao.github.io/RATANSunPy/
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raw, processed = ratan_client.process_fits_data(

url,

save_path=None,

save_with_original=False

)

I = processed[1].data

V = processed[2].data

FREQ = processed[3].data

Additionally, it is possible to extract information about all
NOAA active regions from the NOAA SWPC Solar Region
Summary reports for a specific date or timerange, as shown in
the following code:

noaa_client = SRSClient()

timerange = TimeRange(’2017-09-03’, ’2017-09-04’)

url = noaa_client.acquire_data(timerange)[0]

AR_table = noaa_client.get_data(timerange)

The following code illustrates how to handle local sources
and active region information:

path_to_processed = ’/path_to_fits.fits’

ar_info =

ratan_client.get_ar_info_from_processed(

path_to_processed)

Here, ar info is a BinTableHDU object, where the data con-
tains all information about the active regions at all available fre-
quencies, including fluxes, amplitudes, and ranges.

6. Quality assurance

All classes and other key components of the code are ver-
ified through automated tests written using pytest 5. These
tests can be found in the repository within the ”tests” directory.
This method ensures that the current version of the package is
free from obvious bugs. All tests in docstring were tested with
doctest 6.

7. Comparison with similar projects

There are at least three established methods for process-
ing RATAN-600 solar data: using specialized software like
Workscan (Garaimov, 1997) and DataAnalyzer (Shendrik
et al., 2020), or employing routines in high-level programming
languages such as IDL (Landsman, 1993) and Python. These
tools support a wide range of operations, including calibration,
trimming, and comparison with 2D scans, offering flexibility
and robust data manipulation capabilities. However, these tra-
ditional approaches often require downloading the data locally
and organizing it into a specific directory structure, which can
make the workflow less efficient.

5https://docs.pytest.org/en/stable/
6https://docs.python.org/3/library/doctest.html]

The RatanSunPy package streamlines this process by elim-
inating the need for standalone software that demands famil-
iarity with specialized interfaces. While users still need to
download the data, the package provides a unified and acces-
sible framework for processing, enabling researchers to per-
form all necessary analyses within a single environment. Fur-
thermore, this Python-based infrastructure makes it possible to
leverage free cloud-based platforms, such as Google Colab 7,
for data analysis. These services allow researchers to perform
computationally intensive tasks without requiring local high-
performance hardware, further lowering the barrier to entry and
enabling wider accessibility to RATAN-600 data processing.
This integration simplifies workflows, reduces costs, and en-
hances the flexibility of conducting scientific research.

By leveraging Python, users gain the additional advantage
of integrating RATAN-600 solar data processing with other
widely-used Python packages, such as SunPy for solar physics
analysis or other instrument developed with python for solar
data handling (Mistryukova et al., 2023). Moreover, Python’s
compatibility with machine learning and deep learning li-
braries, like TensorFlow 8, PyTorch 9, and Scikit-learn 10, offers
the opportunity to apply advanced data-driven techniques to so-
lar data, enabling automated feature detection, pattern recog-
nition, and predictive modeling. This seamless integration of
RATAN-600 data with Python’s expansive ecosystem makes it
a highly efficient and versatile tool for both traditional solar data
treatment and cutting-edge research.

8. Discussion

This work has resulted in the development of an independent
Python library designed to automate the collection, processing,
and analysis of solar observation data from the RATAN-600
telescope. As a valuable resource in solar radio astronomy for
over two decades, RATAN-600’s vast dataset requires modern
tools for efficient handling. The library enables comprehensive
analysis of full-disk solar spectra across multiple frequencies,
allowing researchers to detect sources, characterize their physi-
cal properties, and identify active regions. The library’s signifi-
cance is further underscored by its potential in solar physics re-
search. It simplifies the development of automated systems for
predicting solar flares and other solar phenomena. Its compat-
ibility with other Python libraries, including those for machine
learning, enables the application of advanced algorithms like
neural networks, enhancing data analysis capabilities. This in-
tegration with broader Python ecosystems ensures that the tool
can be easily adopted, fostering collaborations and accelerat-
ing solar research. Some challenges remain, particularly in the
areas of source localization and Gaussian analysis, where in-
stability has led to unreliable results in certain cases. Improv-
ing the stability and reliability of these components is a prior-
ity, as they are essential for accurate solar source identification

7https://colab.research.google.com/
8https://www.tensorflow.org/
9https://pytorch.org/

10https://scikit-learn.org/
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and characterization. Looking forward, the library will expand
its capabilities, with plans to introduce additional calibration
methods, extend support to frequencies below 3 GHz, and in-
tegrate data from other observational instruments. This will
enhance the accuracy and flexibility of the analysis, allowing
for cross-instrument comparisons and a more comprehensive
understanding of solar phenomena. Future developments will
also include expanding the analysis of active regions, with fea-
tures to track their temporal evolution, study magnetic field dy-
namics, and analyze spectral properties across multiple wave-
lengths. These enhancements will enable better identification
of active regions, which often precede solar flares, and provide
deeper insights into the mechanisms driving solar activity. In
conclusion, this project lays a strong foundation for future ad-
vancements in solar data analysis. As the library evolves, it
will become an valuable tool for solar physicists, contributing
to both the prediction and deeper understanding of solar phe-
nomena.
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