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BEHIND THE ZONE OF AVOIDANCE OF THE MILKY WAY:
WHAT CAN WE RESTORE BY DIRECT AND INDIRECT METHODS?

PACS number: 98.35.-a

Purpose: to present a brief overview of methods for restoring the large-scale structure of the Universe behind the Zone
of Avoidance (ZoA) of the Milky Way, to propose a new “algorithm of darning the ZoA” and new approach based on the
Generative adversarial network (GAN) to recover galaxy distribution in the ZoA using optical surveys as an additional platform
for programming the artificial neural networks.
Design/methodology/approach: Due to the extensive monitoring observations in radio (DOGS project, in HI line), infrared (IRAS
and 2MASS surveys), and X-ray spectral ranges, the ZoA has been decreased significantly in size and now the obscured part is
about 10 % of the sky in the visible spectral range. The Cosmic Microwave Background (CMB) measurements showed a 180°
asymmetry known as the dipole: despite the fact that the resulting vector lies within 20° of the observed CMB dipole, the
calculations remain highly ambiguous, partly because the galaxies in the ZoA are not taken into account and
the concept of “attractors” should be reconsidered. Hence, the analysis of the spatial distribution of galaxies and their groups
in the regions surrounding and behind the ZoA of Milky Way remains a complex and unresolved problem, and estimation of the
“Invisible” content of the spatial galaxy distribution, which is obscured by this absorption zone, becomes a highly actual one.
Restoring the ZoA is possible by indirect methods (signal processing applied to obscured and incomplete data; Voronoi tessella-
tion, etc.). These recovery methods, however, work only for large-scale structures in the ZoA; they are practically not sensitive
to individual galaxies and small galaxy systems. We suggest using the machine learning technique such as the GAN for modeling
the “invisible” spatial galaxy distribution behind the ZoA.
Findings: We present “the algorithm of darning the ZoA” for dividing the real extragalactic surveys (e.g, the SDSS DR 14 galaxy
sample) on the slices by redshifts, stellar magnitudes, coordinates and other parameters to form a training sample, and
the general GAN scheme for the ZoA filling. We discuss principal tasks to generate galaxy distributions and their properties in the
ZoA from latent space of features and describe how the discriminative network will compare the obtained artificial survey with
the real one and evaluate how it is a realistic one.
Conclusions: The incompleteness of data depending on wavelengths indicates that there are steal not resolved problems such
as the dynamics in the Local Group and the near Universe; the large-scale structure of the Universe in the sky region obscured
by the Milky Way, the velocity flow fields towards the Great Attractor, the CMB dipole. Here, we propose a new “algorithm
of darning the ZoA” and the general GAN scheme as an additional machine learning platform to recover a spatial distribution
behind the ZoA of our Galaxy.

Key words: large-scale structure of the Universe, Milky Way, galaxies, galaxy clusters, zone of avoidance, machine learning,
Generative adversarial network (GAN), “algorithm of darning the ZoA”

1. Introduction Harvard surveys”. During the long time this zone
was avoided by astronomers interested in the study

The Zone of Avoidance of the Milky Way was firstly of extragalactic objects due to 1) the small number

noted by R. Proctor in his paper as concerns with the

“General Catalogue of Nebulae” by J. Herschel (1878):
he called it as the Zone of Few Nebulae. In 1922,
using the data from the “New General Catalogue”
by Dreyer (1888, 1895), Charlier was the first who
has referred this sky region as a scientific problem
in recognizing the nebulae distribution in the area of
the sky that is obscured by the Milky Way. In 1961,
Shapley has proposed to call this region as the Zone
of Avoidance (ZoA) delimited by “the isopleth of
five galaxies per square degree from the Lick and
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of known objects; 2) decreasing the brightness of the
extragalactic objects toward to the galactic equator;
3) increasing the concentration of stars on the line
of sight which is resulted in increasing the over-
lapping of the extragalactic object with the star [1].
Because the Solar system is located not in the center
of our Galaxy, the ZoA is also heterogeneous and lon-
gitudinal.

Since 1990s the notion of the ZoA galaxy distribu-
tion has changed significantly. If it was previously
believed that this area closes an observer about 20 %
of the spatial distribution of galaxies in the optical
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range, then this value is now about 10 %. First of all,
this has happened due to studies in the infrared and
radio spectral ranges, since due to the decrease in
the amount of light absorption with increasing wave-
length, the Zone of Avoidance becomes more trans-
parent in these spectral ranges. As for the incom-
pleteness of ZoA galaxy catalogs as a function of the
foreground extinction, we note that optical ZoA sur-
veys are complete to an apparent diameter of D =14"

(where the diameters correspond to an isophote of
24.5m/arcsec2) for extinction levels less than
A, =3.0". The incompleteness of galaxy sample
depending on the wavelength is an issue for studying
dynamic properties of Local Group; the large-scale
structure of the Universe (voids, filaments, walls,
galaxy clusters, etc.); the velocity flow fields towards
the Great Attractor; the dipole in the Cosmic Mic-
rowave Background (CMB), and other important
problems.

In this paper, 1) we describe briefly in the Chap-
ters 2 and 3 the direct (observational) and indirect
methods (data mining plus confirmation through ob-
servations), which were provided to recognize celes-
tial bodies in the ZoA; 2) we propose a new ap-
proach, the algorithm of darning the ZoA, based on
the machine learning technique to reconstruct gala-
xy distribution in the ZoA, which takes into account
the 3D distribution of galaxies and its photometry; the
algorithm and a general scheme of the GAN ma-
chine learning methods are given in Chapter 4. The
conclusions are made in Chapter 5.

2. A Brief Review of the Direct
and Indirect Methods for Restoring
the Zone of Avoidance

Due to the fact that galactic gas and dust close a signi-
ficant part of the sky from visual observation, the de-
tection of sources in this area becomes problematic.
Due to the incomplete sampling in the area of absorp-
tion, on the basis of which the velocity field is con-
structed, we cannot say of its homogeneity, which
gives an error in the definite direction of motion of our
Galaxy by this method. The problem of the discre-
pancy between the vectors of movement of galaxies
of the Local Group relative to the coordinate system
associated with the CMB relict radiation suggests that
there are a significant number of galaxies in the area
of absorption of our Galaxy.
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The methodology to solve this problem includes
either direct or indirect techniques. Under direct
methods is meant the observation of whole-sky sur-
veys in different spectral ranges in the band near
the galactic equator (b e[-20°, +20°]). For exam-
ple, the currently actively used method is the search
for bright sources in the microwave energy range of
regions of the heated gas and of areas of star for-
mation HI. These areas are also monitored by radio
telescopes with purpose to confirm the assumption
of the presence of galaxies. In some cases, when
sources can be visible in optical spectral range, this
allows us to supplement the data on this source and
the Tally—Fisher method to determine the distance to
the galaxy.

2.1. Observational Programs in IR-, Radio-,
and X-ray Spectral Ranges

The first qualitative breakthrough in the study of the
ZoA belongs primarily to the Italian astronomer
P. Maffei, who in 1968 discovered two galaxies in the
Z0A using observations in the IR-range (see, paper
by Maffei, 2003, for review of his own works [2]).
The elliptical galaxy Maffei 1 together with its com-
panion, spiral galaxy Maffei 2, was discovered on
a hyper-sensitized I-N photographic plate exposed
on 29 Sept 1967 with the Schmidt telescope at
Asiago Observatory. These galaxies were named
after as the Maffei 1 and the Maffei 2. For examp-
le, the last updated data about Maffei 1 are as fol-
lows: morphology E3, constellation Cassiopeia,
RA 02"36™35.4°, DEC +59°39'19", size 75,000 Ly
(23,000 pc), radial velocity V, =(66.4+5.0) km/s,
distance (2.85+0.36) Mpc, stellar magnitude in vi-
sible range m;, =11.14+0.06. Maffei 1 is located
only 0.55° from the galactic plane in the middle of
the ZoA and suffers from about 4.7" of extinction
(a factor of about 1/70) in visible range. If there were
no this absorption, it would be one of the largest
and brightest elliptical galaxy in the sky (about 3/4
the size of the full moon).

The Maffei’s discovery had a revolutionary effect
for our modern picture of the Local Universe and
promoted a lively discussion, first of all, about possi-
ble membership of these galaxies in the Local Group.
We note several important papers on the determi-
nation of a distance to Maffei 1 to show how this
problem was resolved. In 1970, Spinrad et al. [3]
suggested that Maffei 1 is a nearby heavily obscured
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giant elliptical galaxy and the estimated distance to
Maffei 1 is equal to 1 Mpc (Local Group possible
member?). In 1983 this estimate was revised up to
2.1, Mpc by Buta and McCall [4] (Maffei 1 is
outside the Local Group!). In 2001, Davidge and van
den Bergh [5], using adaptive optics to observe the
brightest AGB stars in Maffei 1, concluded that dis-
tance is 4.4'0% Mpc. So, these larger (>3 Mpc)
distances reported in the past 20 years would imply
that Maffei 1 has never been close enough to the
Local Group to significantly influence its dynamics.
The latest determination of the distance to Maffei 1
((2.85£0.36) Mpc) is based on the re-calibrated
luminosity/velocity dispersion relation for E-galaxies
and the updated extinction. Maffei 1 is a key member
of a nearby galaxy group, where among other large
members are the giant spiral galaxies 1C342 and
Maffei 2 [6, 7]. Maffei 1 has a small satellite spiral
galaxy Dwingeloo 1, which was discovered in radio
spectral range, as well as a number of dwarf satel-
lites. The IC 342/Maffei Group is one of the closest
galaxy groups to the Milky Way.

A significant progress in a magnificent reduction
of the ZoA was connected with exploration of the
IRAS and the 2MASS surveys. For example, in 2000,
Jarret et al. [8] reported on the detection of newly
discovered sources from 2MASS Extended Survey
in the fields incorporating the Galactic plane at
[ =40°-70° and predicted that the area-normalized
detection rate is ~1—2 galaxies per deg? brighter
than 12.1™ (10 mJy). See, also, earlier paper by Lu
et al. [9] with results on identifying the HI spectra of
galaxies observed by the IRAS.

Observations of the neutral hydrogen (21 cm) in
frame of the DOGS project revealed new galaxies in
the ZoA, the Dwingeloo 1 [10] and the Dwingeloo 2
[11] (see, for example, on the estimates of their ki-
nematic and dynamic parameters, [4, 12, 13]). The
DOGS project was conducted with 25m Dwingeloo
radio telescope and covered almost the whole obser-
vational region of the Northern Galactic Plane
[=30°-200° below a Galactic latitude |b| <5°.
Because of the transparency of the Galaxy to the
21 cm radiation of neutral hydrogen, systematic
HI-surveys are particularly powerful in mapping large-
scale structure (LSS) in this part of the sky. It should
be noted that the absence of a signal does not always
indicate the absence of a galaxy, but may be associa-
ted with a low HI content [14]. Nevertheless, that
this method is slow and requires a lot of time, the
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conjunction of HI surveys and 2MASS will greatly
increase the current census of galaxies hidden be-
hind the Milky Way. Supplementary to these surveys,
the Parkes Multibeam HI ZoA Survey as a syste-
matic deep blind HI survey of the southern Milky
Way was begun in 1997 with the Multibeam receiver
at the 64m Parkes telescope (surveys were cente-
red on the southern Galactic Plane 52°</<196°,
|b|£5° (see, for example, [15])).

The X-ray spectral range is an excellent window
for studies of large-scale structure in the ZoA, be-
cause of the Milky Way is transparent to the hard X-
ray emission above a few keV, also the rich clus-
ters are strong X-ray emitters. Since the X-ray lumi-
nosity is roughly proportional to the cluster mass as
LyocM %2 or M?, depending on the still uncertain
scaling law between the X-ray luminosity and tem-
perature (see our works [16—19] and references
therein), massive clusters hidden by the Milky Way
should be easily table through their X-ray emission
[20, 21]. This method is particularly attractive, be-
cause the clusters are primarily composed of early-
type galaxies, which are not recovered by IR ga-
laxy surveys or by systematic HI surveys.

2.2. A Brief Review of the Mathematical
Simulation, Data Mining,
and Machine Learning Methods

Indirect methods consist in applying the mathematical
simulation and data mining methods to fill the ZoA as
well as to determine the gravitational potentials of the
nearest galaxies in order to predict the positions of
galaxies and galaxy systems in the area of Milky Way
absorption. Now a great attention is also focused on
the machine learning technique.

The inhomogeneous distributed mass of matter
in the ZoA surrounding the Local Group may cause
the unbalanced gravity toward the Local Group (LG)
in one direction. The expected velocity of the Local
Group can be calculated by the sum of gravitational
forces from all known LG galaxies [22, 23]. Despite
the fact that the resulting vector lies within 20° ofthe
observed cosmic background dipole, the calculations
remain highly ambiguous, partly because galaxies in
the ZoA are not taken into account [24, 25].

CMB measurements showed an 180° asymmetry
known as dipole. It manifests itself in the heating of
0.1 % of CMB radiation in comparison with the
average in one direction and in the same cooling in
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the opposite direction. These measurements have
been confirmed yet by the COBE (1989-1990) stu-
dies indicating that the Milky Way and the Local
Group are moving at a velocity ~V, =627 km/s to
1=276°, b=30°, towards the Hydra constellation
[26]. This motion arises as a result of the distribution

of matter M, in the Local Group and depends on the
0.6

Q M.
i

The absence of objects in the absorption zone also

cosmological parameter Q, [27]: VP oc

plays a key role in determining the value of the dipole
of the collective velocity of the galaxies. Filling the
zone |b| <20° by galaxies changes the direction of
movement measured in the volume of 6000 km/s by
31° [28, 29]. Unknown galaxies that are closer to us
in the ZoA can make a larger contribution to the
definition of a vector of collective velocity than whole

clusters over long distances: I7p oc 210_0‘4"’@.

What is the reason for this rnolvement, which

manifests itself in a slight deviation from the homo-
geneous expansion of the Universe? To overcame
this discrepancy between the direction on the dipole
and the expected velocity vector made it necessary
to introduce the concept of “attractors” (the Great
Attractor at a distance of about 60 Mpc). The Local
Group is located at the same distance above the
Perseus-Fornax cluster (both of which are compo-
nents of a long chain of galaxies known as the Super-
galactic Plane). However a lot of well known nearby
large-scale structures are bisected by the Galactic
Plane, such as the Local Supercluster, the Perseus-
Pisces chain, and the Great Attractor. “What is their
true extent and their mass? It is curious that the two
major superclusters in the Local Universe, i.e. Per-
seus-Pisces and the Great Attractor overdensity, lie
at similar distances on opposite sides of the Local
Group, both partially obscured by the ZoA. Which
one of the two is dominant in the tug-of-war on the
Local Group? Do these features continue across the
Galactic Plane and are there other massive struc-
tures hidden in the ZoA for which so far no indication
exists? What is the size of the largest coherent struc-
tures?” — these questions remain unanswered. For
instance, the Great Wall and the Perseus-Pisces chain
are connected across the ZoA as it was suggested by
Giovanelli & Haynes [26] as the indicating structures
of (50—200)h~" Mpc. “The latter would be incom-
patible with the angular extent over which fluctua-
tions — the seeds of current large-scale structures —
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have been measured in the CMB”. To answer these
questions, the superclusters need to be fully mapped
across the ZoA. We should take into account that the
ZoA is fully incomplete at low Galactic latitudes in
the larger Galactic Bulge area (/ = 0°£90°), inclu-
ding the Great Attractor region. Even if the obscured
galaxies can be identified, the redshifts are deter-
mined very difficult if not impossible to obtain at the
higher extinction levels.

Attempts to solve the problem of the incompatibi-
lity of the vector apex motion of the Local Group
determined by the CMB and the velocity field did not
give a positive result, since the method involves the
uniform filling of the sky by the galaxies of the field,
and chaotic filling them with non-real objects leads to
the formation of non-existent fields [1]. This problem
can be solved by the machine learning methods.

So, the intensive multi-wavelength surveys of the
ZoA in the last decades were aimed at addressing
such key problems as the cosmological questions
about the dynamics of the Local Group, the possible
existence of nearby hidden massive galaxies, the dipole
determinations based on luminous galaxies, the con-
tinuity and size of nearby superclusters, the mapping
of cosmic flow fields. Their solution is possible by
indirect methods, which include the methods of signal
processing applied to obscured and incomplete data;
indirect estimates of averaged variables; the mask
inversion using Wiener filtering in spherical harmonic
analysis; reconstruction of the projected galaxy dis-
tribution in IR-, radio-, and X-ray spectral ranges;
2-D Wiener reconstruction to 3-D; methods of Voronoi
mosaic, cluster and fractal analysis; machine learn-
ing technique.

In this way, for example, the coordinates and
masses of new galaxy clusters in the Puppis and in
the Vela constellations were calculated [29], as well
as the length of the Supergalactic Plane in the ZoA.
The velocities of the galaxies near the two edges of
the ZoA were used to estimate the mass distribution
in it. For example, the center of the Great Attractor
was predicted to lie on a line joining the constellations
Centaurus and the Pavo. The Norma Supercluster
occupies region from 360° to 290° with a weak-
ly visible extension towards Vela (~270°). Puppis
filament (/=~240°), the Hydra-Antlia filament
(I =280°), the overdense Great Attractor region
(I =300°-340°) followed by an underdense region
(52°<1<350°), which is strongly influenced by
the Local and Sagittarius Void [30].
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Hence, till now the analysis of the spatial distribu-
tion of galaxies and their systems in the areas sur-
rounding the Milky Way Avoidance Zone remains a
complex and unresolved problem, as well as the es-
timation of the “invisible” content of the spatial gala-
xy distribution, which is obscured by this absorption
zone. The last successful results based on the 2MASS
Tully—Fisher Survey and the HI observational sur-
veys are presented in works by Said et al. [32-34],
where the optimized Tully—Fisher relation allowing
accurate measures of galaxy distances and peculiar
velocities for dust-obscured galaxies is also applied.

3. Scientific Problems as Concerns
with Incompleteness of the Data

on the Spatial Distribution in the Sky
Area Obscured by the Milky Way.
Gaps in Spectroscopic Observations

A state-of-art approach as concern with incomplete-
ness of the data is to use observations of galaxies and
their systems that surround the ZoA to reconstruct
missing information in it [25, 35, 36]. The study should
be conducted within the limited modeling of the Local
Universe and unlike ordinary cosmological simulations,
these simulations has restrictions on the initial condi-
tions limited by observational data. Thus, these obser-
vations may concerns with either own radial veloci-
ties of galaxies or redshift catalogues.

Classical 3D reconstruction of the extragalactic
objects behind the Milky Way to preserve the cohe-
rence of the large scale structure was triggered by
the search of the Great Attractor in the 1990s [31].
Problem of ZoA reconstruction is related to dealing
with gaps in the spectroscopic observations to re-
store homogeneous sky coverage. A good example is
the wide field imager and a multi-object spectrograph
(VIMOS) at the European Southern Observatory’s
Very Large Telescope. It consists of the 4 CCDs
with 2 arcmin space between them; the total area
coverage is 290 arcmin?®. Almost 25 % of the field is
the unobserved region due to the constructed gaps
between the CCDs. It means that for ~ 25 % galaxies
in sample is not possible to get spectroscopic redshifts
just less accurate photometric ones are presented.
Such regular pattern, which corresponds to footprint
of the spectrograph, creates issues for VIMOS
Public Extragalactic Redshift Survey (VIPERS).
Especially it creates the systematic effects of the
violation of the local Poisson hypothesis in cell coun-
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ting statistics and makes galaxy counts in cells mea-
surements non valid [37].

Existing of unobserved zones in scales compara-
ble to size of investigated zone can have a serious
impact on the study of galaxy properties and local
environment. In this case the local and deterministic
recovery of the missing data is needed [38]. For
small scale reconstruction are common such tech-
niques as the direct cloning [39], wavelet analysis
[40, 41], cluster analysis [42, 43, 44], randomized
cloning of objects into unobserved areas or application
of the Wiener Filtering [45, 46], Voronoi tessellation
[47-50]. Cucciati et al. proposed two algorithms [51]
that use photometric redshift of target objects and
assign redshifts based on the spectroscopic redshifts
of the nearest galaxies. A Wiener filter applied in this
work was very efficient also to reconstruct the con-
tinuous density field instead of individual galaxy po-
sitions. This is a Bayesian method with basic as-
sumptions that both the distribution of the overdensity
field and the likelihood of observing galaxies are dis-
tributed by Gaussian. A true density distribution is
reconstructed by maximizing the posterior distribu-
tion given by Bayes formula. These methods can
clearly separate underdense from overdense regions
on scales of 5h™ Mpc at moderate redshifts
0.5<z<1.1, which is important for studies of cos-
mic variance and rare population galaxy systems.

4. Generative Adversarial Neural
Networks for Recovering Damaged
Astronomical Images and Surveys

Optical observations of extended objects are limited
by random and systematic noise from detector, tele-
scope system and sky background. An image from
telescope can be interpreted as a convolution of the
real image with point spread function (PSF) and some
noise. The Shannon—Nyquist sampling theorem demon-
strates limits of deconvolution technique for improving
the observed images [52]. From other side, there is no
unique solution at deconvolution [53, 54). Schawinski
et al. estimated a possibility to recover artificially de-
graded images with a high noise better than a simple
deconvolution can do [55]. They proposed to use state-
of-the-art methods of Machine Learning, namely Deep
Learning — Generative adversarial network (GAN).
In case of galaxy images when we know how they
should look like, this information can be helpful for
decisions while choosing among many solutions.
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Generative adversarial neural networks as the type
of the unsupervised machine learning algorithms were
firstly invented by Goodfellow et al. in 2014 [56].
Core of these classes of algorithms are two neural
networks contesting with each other in a zero-sum
game. First neural network called “generative” (typi-
cally a deconvolutional), generates candidate images
and second neural network (a convolutional discrimi-
native) evaluates them. The generative network trains
to transfer from a space of features to a particular
data distribution. In the same time the discriminative
network discriminates between the produced candi-
dates and real examples. Schawinski et al. [55] ap-
plied the GAN to 4550 galaxies from the Sloan Digi-
tal Sky Survey DR12 (SDSS DR12). The authors
have proved that this method can reliably recover
features in images of galaxies and can go well be-
yond the limitation of deconvolutions. As the training
sample they used image pairs: one original image of
galaxy and the same artificially degraded (convolved
with PSF). In general, the GAN is going to learn how
to recover the degraded image by minimizing the
difference between the recovered and true images.
A main feature of this approach is the measurement
of the difference between these two images called
the loss function. With this purpose, the authors used
a second neural network, whose aim is to distinguish
the synthetic recovered image from true image. These
two neural networks are trained simultaneously.
Therefore by training on higher quality images, the
GAN method can learn how to recover information
from the less quality data by building priors. Such
approach has a potential for recovering partially dama-
ged images with gaps, dead CCD chips, ZoA etc.

We propose to apply such approach to the sample
of galaxies from the SDSS DR14 (a general ga-
laxy distribution at the redshifts z <1 is shown in
Fig. 1(a), a galaxy distribution in the ZoA is shown in
Fig. 1(b). A general scheme of the GAN approach
for the filling of the ZoA in extragalactic surveys is
shown in Fig. 2. Principal problem with a whole-sky
galaxy distribution is that we have just unique sample
of galaxies, i.e. just one set for training. We cannot
use a set of many images for training likely in the
approach described above. A solution could be to
prepare the mock catalogues from numerical simula-
tions, which reproduce a target sample. In this case
we may generate as much as possible pairs — real
survey and survey with ZoA. Additionally position
of the ZoA could be randomized over survey field.
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SDSS DR14
z<1

~150 —100 =50 0 50 100 150 I

b

Fig. 1. Distribution of galaxies from the SDSS DR14 at the
redshifts z <1 in Galactic coordinates: (a) whole-sky distribution
(Mollweide projection); (b) in the ZoA

A goal of generative artificial neural network (ANN)
will be in the trying to generate galaxy distributions
and their properties in the ZoA from latent space of
features. In the same time, a discriminative network
will compare the obtained survey with the real one
and evaluate how realistic it is. The generative net-
work produces better surveys with iteration, while
the discriminative one becomes more experienced at
labeling the synthetic ones. In such a way the system
learns the sophisticated loss functions automatically
without its predefinition.

The “algorithm of darning the ZoA” for dividing
the real extragalactic surveys (for example, SDSS or
2MASS, or future LSST! survey) on the slices by
redshifts, stellar magnitudes, coordinates and other pa-
rameters to form a training sample is given in Fig. 3.
To apply the algorithm, we should prepare a sample
of galaxies surrounding the ZoA, which is complete
by stellar magnitudes. To get a 3D spatial distribution
of galaxies in this sample, we must obtain their pho-

Thttps://www.lsst.org/sites/default/files/docs/137.25_Borne Data_
Mining_Research_8x10.pdf
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Data
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original
survey

adding | artificial

Training phase

~

original
survey

- discriminative ANN
\ i
—_

ecovered /

e 4

ZOA
damaged
survey “T| generative ANN survey
e
—_
\_ Y.
/ Testing phase
survey trained recovered
with ZOA generative ANN survey

Fig. 2. Scheme of the data preparation, the training and testing phases for the ZoA recovering by the GAN method. The input is
a set of mock surveys from which the artificial ZoA were generated to train the GAN. A generative ANN is used to recover surveys

in the ZoA at the testing phase

tometric redshifts and to divide this sample on the
slices by coordinates, taking into account the cosmologi-
cal parameters. Each of these slices will contain a real
distribution and the damaged image (part of the ZoA
region), which will require a darning. The preliminary
step how the algorithm works and restores a galaxy
distribution should be conducted and tested with sub-
samples of real galaxies selected from the non-dama-
ged regions. The information about morphological clas-
sification of galaxies will be useful at this step and can
be obtained by another machine learning technique
(see, for example, our works [57] on applying the
Random Forest methods to obtain a binary morpholo-
gical classification (early and late types) or ternary
classification, which requires knowledge on the color
indices and photometry of galaxies). Another data
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mining methods such as the Data visualization, Self-
Organizing Map, Classification, Bayesian Analysis
as well as 3D print models will be also engaged.

5. Conclusions

We presented a brief overview of methods for res-
toring the large-scale structure of the Universe be-
hind the Zone of Avoidance (ZoA) of the Milky Way.
Among them are the direct methods, which are con-
cerns with observational programs in IR-, radio,
and X-ray spectral ranges (IRAS, 2MASS, HI sur-
veys etc.). Due to their complanatory with optical da-
tabases the new galaxies and their systems were dis-
covered that allowed decreasing a size of the ZoA
(now it closes an observer about 10 % of the spatial
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2D distribution in
Galactic coordinates
in the regions
near ZoA

3D distribution
taking into account
photometric redshifts
of galaxies

Dividing in slices by

redshifts and analysis
of real and damaged
galaxy distribution

- To prepare a sample of galaxies that is complete
by stellar magnitudes

- To analyze the slices divided by redshifts for selecting
regions with real galaxy distribution outside of the ZoA
at higher latitudes for creation a training sample

- To analyze the slices divided by redshifts for selecting
regions with real and damaged distributions of galaxies
in regions, which surround the ZoA

- To restore a spatial galaxy distribution (3D darning)
in the ZoA

Fig. 3. The algorithm of 3D “darning” of a spatial distribution
in the ZoA of the Milky Way (galaxy simple from the SDSS
DR14 at z <1 is shown as the example)

distribution of galaxies in the optical range. We also
described briefly the indirect methods for restoring
the ZoA, which were applied successfully with this
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purpose (methods of average variables, mathema-
tical simulation, data mining, machine learning).
Nevertheless, the filling of the ZoA remains a com-
plex and unresolved problem, as well as the recogni-
tion of the invisible content of the spatial galaxy distri-
bution, which is obscured by this absorption zone, is a
highly actual. We described 1) the algorithms of “dar-
ning” the ZoA, which takes into account the photo-
metric redshifts of galaxies surrounding the ZoA,
and 2) new approach based on the Generative adver-
sarial network (GAN) to recover galaxy distribution
in the ZoA using optical surveys as an additional plat-
form for programing the artificial neural networks.
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I'maBHas actpoHomuyeckas ooceparopus HAH Vipaunsl,
yia. Akagemuka 3abonotHoro, 27, T. Kues, 03143, Ykpanna

3A 30HOM M3BETAHUA MJIEUHOT'O ITY TH:
YTO MOXHO BOCCO3ATbD ITPAMBIMU
W HEITPAMBIMU METOLAMMN?

IIpeomem u yenvb pabomul: TPEACTABUTH KPATKHI 0030p METO-
JIOB, KOTOPbIE IPUMEHSIOTCS JJIs1 BOCCTaHOBJIEHHS pacIpe/ene-
HUS KPYITHOMACIITaOHBIX CTPYKTYp Beenennoli 3a 30H0i n3be-
ranus (ZoA) Mneunoro IlyTu; npeanokuTb HOBBIH “anropuTM
IITOIKH 30HBI H30eraHus’ 1 HOBBIH ITOJX0/I, OCHOBaHHBIH Ha ['e-
HEPUPYIOIINX COCT3aTeNbHBIX ceTaX (GAN) 1t BOCCTaHOBIIE-
HUS pacTIpeieNIeHHs TaJIakKTHK B ZOA C HICTIONIb30BaHUEM OITH-
YecKHX 0030pOB B KaueCTBE JOMOJIHUTEIHHON IUIAT)OPMBI
U IPOTPaMMHUPOBAHMS NCKYCCTBEHHBIX HEHPOHHBIX CETEH.

Memoowr u memodonoeus: braronapsi MOHUTOPUHTOBBIM Ha-
OnroieHusIM Beero HeOa B paauo (mpoekt DOGS, HabmoneHne
B muany HI), mapaxpacaom (IRAS u 2MASS 0630psr) 1 peH-
TreHOBCKOM CHEKTpPaJIbHbIX AUana3oHax, ZoA “yMeHbIINIACH
B pa3Mepax M 3aKkpbIBaeT oT HaOmropatens okoino 10 % mpo-
CTPaHCTBEHHOTO PacIIpe/IeNICHNs TAJIaKTUK B ONTHYECKOM JHa-
na3one. Vizmepenns penukroBoro m3nydenus (CMB) mokazamm
acUMMeTpHIO B 180°, M3BECTHYIO KaK JUIIOJb: HECMOTPS Ha
TO, YTO PE3YJIBTUPYIOLINHA BEKTOP HAXOAUTCS B Iipesenax 20°
Habmomnaemoro nunois CMB, pacueTsl ocTaroTcst BechbMa Heo-
JTHO3HAYHBIMHU, OTYACTH [IOTOMY, YTO HE YUUTHIBAIOTCS I'aJIaKTH-
KH B ZOA ¥ KOHIIENIIIHS “aTTpakTopoB” TpedyeT mepecMoTpa.
Ha ceronusmnmii 1eHb aHAIM3 NPOCTPAHCTBEHHOTO pacipeie-
JICHUS TAJIAaKTUK U X TPYII B 00JIaCTAX, OKPY)KAIOIIUX 30HY
n30eraHus ralakTHK, OCTAaeTCsl CII0XKHOM U HepeILeHHOH Ipooite-
MOH, a OLIEHKA “HEBUAMMOr0” MPOCTPAHCTBEHHOIO pacipeie-
JICHUS TAIaKTHK, KOTOPOE 3aKphIBaeT OT HAOJIOJaTelNsl 30Ha
TOTJIOIIEH U, — KpaifHe cCBOeBpeMeHHOM. /{11 BoccTaHOBIEHMS
pacrpeeneHus ralakTuK B ZoA MOXXHO UCTIOIB30BaTh KOCBEH-
HbIE METO/IBL, BKITFOUYAsi METOJIbI 00PaOOTKH CUTHAJIOB, [IPHMEHSIC-
MBI€ K CKPBITBIM H HETIOIHBIM JaHHBIM; METO/IbI MO3auKH Bopo-
HOTO H T. JI. DTH METO/IbI BOCCTaHOBIICHHS, OHAKO, paboTaroT
TOJIBKO JIs1 KPYTTHOMAcCIITaOHBIX CTPYKTYP B 30HE U30eraHus
rajJaKTUK; OHHU IPAKTUYECKH HE YyBCTBUTEIBHBI K OT/IEJIbHBIM
rajJlaKTUKaM U MAJIOHACEJIEHHBIM CKOIUICHHUSAM rajakTuk. OqHUM
W3 pelIeHHH SIBISIETCS HCIIOF30BAaHNE METOIMK MAIIMHHOTO 00Y-
yeHust, Hanpumep GAN, 11 MoAeTUpPOBaHUS “HEBUIUMOTO”
IIPOCTPAHCTBEHHOT'O PACTIpeIeNICHHUs TaJIaKTHK 32 3TOH 30HO.
Pezynvsmamui: Ml lipeiiaraeM HOBBIH ITOX0, HA3BaHHBII HAMU
“QITOPUTM IITOIIKK 30HBI M30eranus”, 11 pa3OUBaHuUs Cy-
IIECTBYIOIINX BHETAIAKTHYECKUX 0030poB (Hanpumep, SDSS
DR 14) Ha cpe3bl B 3aBUCHMOCTH OT KPAaCHOT'O CMEIIICHHUSI, 3BE3/1-
HBIX BEJIMYMH, KOOPAWHAT U IPYTUX HapaMeTpoB 11t GOpMHUpPO-
BaHMS TPEHUPOBOYHOH BHIOOPKH MAIIMHHOTO 00yYEHUs, a TaK-
ke onuchiBaeM o01yto cxemy GAN meTofa Juist IpUMEeHEHHS
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K BOCCTaHOBJIEHHIO Z0A. MBI 00CyX/1aéM OCHOBHBIE 3a1a4H
TEHEPUPOBAHMS HCKYCCTBEHHBIX PACHpeNeICHUN raJakTUK
1 WX CBOWCTB B ZOA ¥ OTIMCBIBaEM, KaK JUCKPUMIHAIINOHHAS
ceTb OyJeT CpaBHUBATH ITOJYYEHHOE PACIIPE/ICIICHHUE C Peallb-
HBIM ¥ OIIEHUBATh €0 PEaTMCTUIHOCTb.

3akniouenue: HemonHoTa JaHHBIX, 3aBUCAILAS OT AJIMHBI BOJIHBI,
Ha KOTOPO MPOBOAMINCH 0030pbl, TOBOPHUT O TOM, YTO OCTa-
JIMCh TaKKe MPOOIIeMBbl, Kak JMHaMyKa MecTHoi [ pynis! u Omxk-
Helt Beenennoit; kpynHomacmtabHas cTpykrypa Beenennoit
B oOyiacTy Heba, CKPHITOH Hallel ['anakTHKO; OIS TOTOKOB
CKOpocCTel ranakTuk kK Benukomy Attpakropy; nunons CMB.
MBI nipeyiaraeM HOBBIH “aliTOPUTM IITONKY 30HbI H30eraHus’”
n oburyto cxemy GAN B KauecTBe IOTOITHUTENBHOMN I1aTdOpMEI
MAIIMHHOTO 00Y4eHUs! 1715 BOCCTAHOBJICHHUS IPOCTPAHCTBEHHO-
TO pacTpeeIeHus 3a 30HOH n30eranust Hamel [ amakTHK.

Kiouesvie cnosa: kpynHomaciirabHasi cTpykTypa BeenenHoi,
Mueunblii [TyTh, raakTHKH, CKOIICHHS TAJIAKTHK, 30Ha H30era-
HUS TATAaKTUK, MALTHHHOE 00YYeHNE, TeHePUPYIOIIas COCTsI3a-
tenbHas ceTh (GAN), “anropuT™ MITONKY 30HBI H30eTaHus”

1. B. Basunosa, A. A. Enuis, M. }O. Bacunenko

TonoBHa actpoHoMiyHa o6cepBaropis HAH Vkpainu,
ByII. AkazeMika 3abonotHoro, 27, M. Kuis, 03143, Ykpaina

3A 30HOIO YHUKHEHHA YYMALBKOI'O IJIAXY:
1O MOXHA BIITBOPUTHU ITPAMUMU
I HEITPAIMUM METOJAMUN?

IIpeomem i mema pobomu: ONATH KOPOTKUH OIVISIIT METOLIB,
K1 3aCTOCOBYIOTBCS TSI BIATBOPEHHS PO3IIOJILTY BETHKOMAC-
mTabHUX CTPYKTYp BcecBiTy 3a 30HOI0 YHUKHEHHS (Z0A)
Yymanskoro lisixy;3amnpononyBaTti HOBUil “aqropuTM MITo-
TIaHHS 30HH YHUKHEHHS” 1 HOBHH IiJXiI, 110 TPYHTY€EThCS Ha
reHepyrouiii 3maransHiid Mepexi (GAN) 1715 BITHOBJICHHS PO3-
MOATY TaJIaKTHK B ZOA 3 BUKOPHCTAHHSM ONTHYHUX OIVIS/IiB
y KOCTi JOJaTKOBOI IIaT(GOpMH JUIsl IPOTrpaMyBaHHS IITYYHHUX
HEHPOHHUX MEPEexK.

Memoou i memoOdonoeis: 3aBASKA MOHITOPUHTOBHM CIIOCTEpE-
YKEHHSIMH BChOT0 Heba B pafio (mpoekt DOGS, crioctepekeHHs
B minii HI), indpagepBornomy (IRAS ta 2MASS orsinm) i peHT-
IeHIBCBKOMY CHEKTpaJbHUX Jiarna3oHax, ZoA ‘“‘3sMeHmmiIa”
CBOI po3MipH 1 Hapas3i 3aKpuBae BiJ crioctepirada onuspko 10 %
IIPOCTOPOBOT'O PO3MOIITY T'aJaKTUK B ONTUYHOMY Jlialia3oHi.
BumMiproBanns perikroBoro BunpoMinioBanas (CMB) mokasa-
JIM aCUMETPito B 180°, BiZOMY SIK AMIIOJIb: HE3BAXKAIOUH Ha T¢,
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110 Pe3yJIbTYIOUHI BEKTOP 3HAXOJUTHCS B Mexkax 20° crocre-
pexxyBanoro aunosist CMB, po3paxyHKH 3aIHIIaI0TECS JOCUTh
HEOTHO3HAYHUMHU, TI0OYACTH TOMY, I1I0 HE BPAaXOBYIOThCSI rajlaK-
THKH B ZOA 1 KOHIICIIIisl “aTpakTopiB” BHMarae mepersisiuy.
Hapas3i arani3 mpocTopoBOTo po3MOILTY TATAKTHK 1 X CKyTI-
YeHb y 00J1aCTsIX, 1110 OTOUYIOTh 30HY YHUKHEHHSI ['aJIaKTHK, 3a-
JIAIIAETHCS CKIIATHOIO 1 HEBUPIIIICHOKO IMPOOJIEMOIO, a OLIIHKA “He-
BUAUMOTr0”’ IPOCTOPOBOTO PO3IOILTY TAJIAKTHK, SKE 3aKpHUBa€E
BiJl crocTepiraya 30Ha MOTIMHAHHS, € BKpail CBOEYACHOIO.
J171s1 BITHOBIICHHS PO3NOALTY I'aJJaKTHK B ZOA MOXKJIMBE BUKO-
PHCTaHHS HETIPSIMUX METOIiB, BKJIFOYAIOUH METOIM OOpOOKH CHT-
HaJIiB, 110 3aCTOCOBYIOTBCS JI0 IIPUXOBAHKX 1 HEIIOBHUX JIAHUX;
MeTozau Mo3aiku Boponoro Tomo. Li MeTozu BiIHOBIEHHS, TIPO-
Te, MPALIOIOTh TUIBKHU I BETMKOMACIITA0HUX CTPYKTYP B 30Hi
YHUKHEHHS FaJIaKTHK; BOHH IPAKTHYHO HE YYTIIMBI 10 OKPEMHUX
TaJIaKTHK 1 MAJIOHACEJICHUX CKYIT4eHb raslakTuK. OIHUM 3 pillieHb
€ BUKOPHUCTAHHS METOIUK MalIMHHOTO HaBYaHHs, HAIPUKJIA/L
GAN, 17151 MOZIETTIOBaHHS ““HEBUIMMOT'O”’ TIPOCTOPOBOTO PO3MO-
JIUTy TaJTaKTHK 3 LI€10 30HOIO.

Pe3ynomamu: Mu nporioHyeMO0 HOBHH ITiXi1, HA3BaHIIA HAMH
“QITOPUTM LITOMAaHHS 30HH YHUKHEHHS, 17151 po30MBaHHS ic-
HYIOUHX MMo3arajiakTHaHuX onisiaiB (Hanpukian, SDSS DR 14)
Ha 3pi3H 3aJIe)KHO BiJl YepBOHOTO 3MIILICHHS, 30PSIHUX BEJIMYHH,
KOOp/IMHATIB Ta IHILIKX MapaMeTpiB Uis QOpMyBaHHS TPCHYBaIb-
HOT BUOIPKH MAIIMHHOTO HABYaHHS, @ TAKOXK OITMCYEMO 3aralibHy
cxemy GAN meToty /7S 3aCTOCYBaHHS 0 BiTHOBIIEHHS ZOA.
Mu 06roBopro€EMO OCHOBHI 3aBJIaHHS T€HEPYBAaHHSI IITYyYHHUX
PO3MOILTIB ralakTUK Ta iX BIACTHBOCTEH B ZOA i onucyeMo,
SIK AMCKPHUMIiHAIlIifHa Mepeska Oy/ie TOpiBHIOBAaTH OTPHMaHHI pO3-
TOAL 3 PEASTbHUM 1 OL[IHIOBATH HOT'O PEANTiCTHYHICTB.
Bucnosox: HenoBHOTA 1aHUX, 1110 3aJI€KHUTb BiJl IOBKHHH XBIJIi,
Ha K1}l BUKOHYBAJIUCS OIVIAIN, CBITYUTB IIPO T€, 110 3aJIHIITHIHU-
c¢s1 Taki mpooiemy, sik quHamika Micuesoi ['pymnu i GIMKHBOTO
BcecsiTy; BenukomacirabHa cTpykrypa Beecsity B obmacti
HeOa, MPUXOBaHOO HAIIO ['aJIlaKTHKOIO; TIOJIS TIOTOKIB IIIBH/I-
KOCTi rajakTuk 1o Bemukoro Atpakropa; aumoias CMB.
Mu nponoHy€eMO HOBUH “alrOPUTM IUTOMAHHS 30HU YHUKHEH-
Hs” 1 3aranpHy cxeMy GAN B SKOCTi 10JaTKOBOI IUTaTPOPMH
MAIIMHHOTO HABYaHHS JJIsI BITHOBJICHHS IIPOCTOPOBOT'O PO3IIO-
JIUTY TaJIaKTHK 32 30HOI0 YHUKHEHHS HaIloi [ alaKTHKH.

KirouoBi ciioBa: BenmukoMacIuTabHa cTpykrypa Beecsirty, Uy-
manpkuii [1Inax, ranakTHKY, CKyI4YeHHs FaJlakTHK, 30Ha YHUK-
HEHHsI raJlaKTUK, MalllMHHE HABYaHHsI, FeHEpYIoua 3MarajibHa
mepexa (GAN), “anropuT™ ITONAHHS 30HU YHUKHEHHS
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