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ABSTRACT. The Unistellar eVscope 2 represents a
new generation of compact astronomical instruments
that combine portability, automation, and digital
networking to empower both professional and citizen
astronomers. This study evaluates the telescope’s
technical performance, educational potential, and
scientific applications, particularly in exoplanet
transit photometry. Based on the comparison of our
observational data obtained within the Unistellar
global network and professional OGLE data, we
showed the great possibility of this approach. Our
results demonstrate that high-quality light curves can
be produced even under sub-optimal conditions, and
compact digital telescopes can play an essential role
in expanding observational coverage and in training
the next generation of astronomers. The Unistellar
network model, combining technological innovation,
social participation, and data integrity, stands as
a powerful example of how future astronomy will
operate at the intersection of professional and citizen
science.
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AHOTAIIIA. Teneckonu Unistellar mpe/ictaBiisiiorTs
HOBE IOKOJIIHHS KOMIIAKTHUX aCTPOHOMIYHHMX IpPHJIa-
JiB, §KI TOETHYIOTH IIOPTATUBHICTH, aBTOMAaTHU3AIIIIO
Ta UPPOBI MepeXKi, Ta PO3MUPIOIOTH MOYKJIMBOCTI SIK
npodeciitanx, Tak i nuBlIbHUX acTporoMiB. Hare mo-
CJIJIPKEHHSI OIHIOE TEXHIYHI MOXKJIMBOCTI TEJIECKOITY
Unistellar eVscope2, fioro ocsiruiii moreniiaa Ta Hay-
KOBe 3aCTOCYBaHHS, 30KpeMa y oToMeTpil TpaH3UTIB
ek3omianeT. Ha OCHOBI MOPIBHSHHS HAIUX CIOCTEPE-
2K€Hb, OTPUMAHUX y CIIBIIPAIll 3 TVIODATHEHOIO MEPEIKEIO
Unistellar, Ta npodeciitnux mannx npoekty OGLE, mu

MIPOJIEMOHCTPYBAJIM BEJIUKUI TTOTEHITIA TAKOTO ITiTXO0-
ay. Mu mokaszajim, 1m0 CHOCTEepe:KHI JaHi, siki OTpu-
MyIOTh Tpu B3aeMmojil y croijbHoTi Unistellar Global
Network, nHaBiTh 3a HeHaHKpAITUX YMOB, JO3BOJSIOTH
Oy/lyBaTH BUCOKOSKICHI KpWBi OJUCKY TpU 3MiHAX IO
TOKY Bi 30pi Ha piBHi 1-2%, ToMy KoMmakTHi 1mudpo-
Bl TejecKomm MOXKYTH BiirpaBaTH BasKJINBY DPOJIb B
OTPUMAHHI  HAKICHUX  CIOCTEPEXXHHUX  JIaHUX, Y
HaBYaHHI  HACTYITHOTO IIOKOJIIHHST ~ aCTPOHOMIB
MiJIBUINIEHH iIHTEPECY JO0 ACTPOHOMIl Ta PO3MIMPEHH] KO-
Jna mermpodeciituux crmocrepiradie. Mwu miaTBepauim
edekTuBHICTL  €Vscope2 gk  iHCTpyMeHTa i
HAyKOBUX  JIOCJJIKEHb, OCBITHIX  IIDOEKTIB  Ta
Mi>KHaPOJTHOI CITiBIIPAITi.

OKpiM OCHOBHHX CIIOCTEpPEXKHUX MOKJuBocTeil, Uni-
stellar eVscope2 memoHCTpye mepexis 10 MOAEsl Po3-
TIOIIJIEHO] CIOCTEPEYKHOI €KOCHCTEMU, Y Me¥KaX KOl
TUCSYl MaJIX IHCTPYMEHTIB KOJIEKTUBHO CTBOPIOIOTH
HAYKOBO IiHHI PE3yJIbTATH, IO CJIYXKATh 0a30[0 JIJIsd
npodeciitHux JTocimKenb. [loeIHaHHs ClIoCTepeKeHb
Yy  PpeXuMi  peaJibHOrO  dYacy, AaBTOMATUIHOTO
po3mizHaBaHHS 1O/ 1 iHTerpamii 3 HAyKOBUMH
bazamMu JaHUX POOUTH TaKi IHCTPYMEHTH MOTY2KHIM
pecypcoM He JIHIe JJIsd JIOC/I/?KEHb TPAH3UTIB €K-
30ILIAHET, ajie i JjId OLIBIN HMIMPOKOro KPyry 3ajad,
TAKWX, AK aCTPOHOMIYHUI MOHITOPWHI 3MIiHHUX 3ip,
TEPMIHOBI CIIOCTEPEXKEHHSI HECIIOIBAHUX aCTPOHOMi-
YHUX SIBUIIN, CIIJbHI HAyKOBI CIOCTEPEXKHI KaMIIaHil
tomno. Jlemokparusyrodu moctyn 10 HeDa, TeIeCKOIN
Ta  cuisbHoTa  Unistellar  copusiiorb  HayKoBii
rPaMOTHOCTi, JIO3BOJISIIOYM HAaBITH aMaTopa 1 CTy-

JeHTaM OpaT ydacr I00AJIBHE  JIOCTILTHUIIbKUX
imimiaTmBax.  Taxkmm  9wmHOM, BIiH  CTHMYJIIOE
MIKIIOKOJIIHHY ~ coiBmparffo i ¢opMyBaHHS HOBOI

MOJIeTi HAYKOBOTO KOJIEKTUBY — CHHEPTil MiXK HayKOB-
[5IMU, OCBITSIHAMH Ta €HTy3lacTaMu, CIpSMOBAHOI HA
PO3BUTOK CyJacHOL KYJIbTYpH HAYKMH.



Odesa Astronomical Publications, vol. 38 (2025)

33

PesynbraTtn Hamoro nocCiiiyKeHHS IOKA3YIOTh, IO
KOMIIAKTHI MaJoanepTypHi 1ndpoBi TETeCKONMH MO-
KYyThb BifirpaBaTu 3HAYYILy Poab y GhopMyBaHHi
MafOyTHBOTO TMOKOJIHHS ACTPOHOMIB 1 JIOCTIiIHUKIB.
Mepexxa Unistellar, sika moeHye TeXHOMOTI9H] iHHOBA-
I1il, COIa/IbHY YYacTbhb 1 IUBIIBHY HAyKy, J€MOHCTPYE
peasbHuil MPUKJIAJ] TOrO, dAK MaiOyTHsS acTpOHOMis
dyHKIioHYBaTHMe Ha MeXi npodeciitHol Ta amarop-
CBHKOI JTisIIbHOCTI.

KurouoBi ciioBa: ek3omianeTn: criocrepexkentsi: (o
TOMETpisd: Tpau3uTw; nuBiabHa acrponomis: Unistellar.

1. Introduction

The modern approach to observational astronomy
allows for obtaining significant results using small tele-
scopes. Many tasks require a large number of individ-
ual measurements of magnitudes by standard meth-
ods. The Unistellar program and community are a
great example of productive collaboration between pro-
fessionals and citizen science in the direction of exo-
planet transits observations, in particular (Bonney et
al., 2014).

The search for exoplanets is one of the most dy-
namic areas of modern astrophysics, offering insights
into planetary formation, orbital dynamics, and habit-
ability beyond the Solar System. Among the observa-
tional methods, transit photometry - the measurement
of periodic dips in stellar brightness as a planet passes
in front of its host star has proven exceptionally pro-
ductive (Winn & Fabrycky, 2015). The most interest
light curves allowed detecting compound transits, like
as VLT observations of the light curve of TRAPPIST-1
during the triple transit of 11 December 2015 (Gillon
et al., 2016), Kepler observations of the Kepler-1625b
super-Jupiter and it’s Neptune-sized exomoon, orbit-
ing of the planet (Teachey & Kippin, 2018), and exotic
light curve BD+054868 Ab, which arose due to disin-
tegration of the exoplanet (Hon et al., 2025). In the all
cases the dept of the transit is on the level of 0.05—0.12
form common flux.

While large professional surveys such as Kepler,
TESS, and PLATO dominate the field, smaller instru-
ments increasingly contribute through citizen-science
initiatives. The Unistellar eVscope2, with its inte-
grated sensor, automated pointing, and mobile-app
control, demonstrates how distributed telescope net-
works can enhance temporal coverage and community
engagement in real research.

2. Instrument Specifications and Methodol-
ogy

The Unistellar eVscope 2 is a compact digital reflec-
tor telescope with the following base parameters:

e Mirror diameter: 114 mm;

e Focal length: 450 mm (f/4);

e optical tube length 549 mm;

e Sensor: Sony IMX347, 7.7 MP;

e Limiting magnitude 18.2™;

e Field of view: 34.2 x 45.6 arcmin;
e Scale 1.33" /pix;

e Weight: ~ 9 kg;

e Motorized ALT-AZ mount;

e Slew speeds max 4°/s;

e Control: Smartphone application;

e Capabilities: battery autonomy = 9h, storage 64
GB, automatic alignment, live stacking, and tran-
sit photometry.

Observations were performed through the Unistellar
citizen-science network, which connects professional as-
tronomers, educators, and amateurs worldwide. Uni-
form optical properties of the Unistellar telescope fam-
ily provide a consistent combination of the network ob-
servations; it was studied in Perrocheau et al. (2022),
Graykowski et al. (2023), Peluso et al. (2023), and
Sgro et al. (2023).

Each participant of the Unistellar community
contributes calibrated photometric data that can
be merged and cross-validated with professional
databases. The observer can process the individual
frames (in the fits format) and obtain the light curve
by himself. However, the best results are obtained in
the centralized standard analysis, which includes the
comparison with model systems also.

Our test frames, obtained before the transit obser-
vations, showed that the limiting magnitude for our
Unistellar eVscope 2, is 16™. It agrees with the limit-
ing magnitude in the base parameters, because 18.2™
value was obtained in countryside mode with longer
exposure. Nevertheless, for our tasks 16™ is sufficient:
in the frames received at altitudes of more 45°, we de-
tected weaker stars confidently. The main part of the
program stars have magnitudes at level 12 — 14™ so
using Unistellar is valid.

Anastasia Pechko was a leading observer of our team.
We obtained transit light curves for 2 confirmed ex-
oplanets: TOI-2046b, created in 2020, and TrES-3b
(TOI-2126.01), created in 2007; transit light for 2 can-
didate planets: TOI-7343.01 TOI, created in April of
2025, and TOI-7425.01 created in May 2025-05-01.

The information about our objects from the TOI
list was obtained from the NASA Exoplanet Archive
(Street et al., 2024). For all transits, we determined the
mid-transit time, the duration and depth of the transit,
and the duration of the magnitude decrease/increase.
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Figure 1: Transition light curve for TOI-7425.01 with
the weakening of flux on the level 0.82%. The upper
panel with relative flux: individual data are shown as
grey dots with corresponded error bars, weighted aver-
age points are shown as squares and the synthetic light
curve is a solid line. The bottom panel residual flux:
the average value is zero. The legend is shown on the
right

In all four transits, the parent star magnitudes were
about 12, the individual error for current magnitude
was at the level about 0.007 of the relative flux, and
the depths of the transit were from 0.82% to 1.97% of
the full flux. The accuracy of the transit’s time frames
is on the level of 2% and is in good agreement with the
TOI forecast. The transit light curve with the least
weakening of flux for our observations (0.82%) is pre-
sented in Fig. 1.

15" on August 2025, Anastasia Pechko and our team
conducted exoplanet transit observations, later com-
bined in the Unistellar Community with independent
data from another observer. The combined light curve
was generated through weighted averaging, which effec-
tively reduced noise and increased the signal-to-noise
ratio. It is shown in Fig.2. The comparison of data
from two geographical locations confirmed consistency
within measurement uncertainties. The improvement
in curve smoothness demonstrates the power of col-
laborative photometry, where multiple observers con-
tribute to a single scientifically robust data set.

The combined light curve shows a flux decrease of
about 1 — 1.5%, typical for hot Jupiter type planets,
and a duration close to two hours. The agreement
between independently reduced data sets verifies the
reliability of the Unistellar calibration pipeline and
emphasizes the efficiency of data stacking and noise
reduction. Even under moderate light pollution, the
resulting signal-to-noise ratio was sufficient to clearly
detect the ingress and egress phases.
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Figure 2: Transition light curve for TOI-2046b, re-
duced by 2 different observers. The legend as in Fig. 1
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Figure 3: Transition light curve for OGLE-TR-~1061

3. The comparison with OGLE transits and
discussion

In our observation we obtained the typical values of
the transit light curve parameters. The OGLE data
base (https://ogledb.astrouw.edu.pl/) contains higher
quality photometry data for different variables. One
section in the OGLE contains 99 transiting planet can-
didates in the Galactic bulge (Mréz et al., 2023), with
the probability ranging from 0.80 to 1.00. We select 4
transit light curves for comparison with our results.
The typical OGLE transit for OGLE-TR-1061b is
present in Fig. 3, from https://ogledb.astrovw.edu.pl/.

We see the transit depth at about the 1% level, but
the scatter of individual points is practically the same
as in our observations. We can also point out that
the data in Fig. 3 were collected over 10 years. So, our
one-night data gives comparable results with long-time
observations. More, the OGLE data were obtained us-
ing a fully automated 1.3 m Warsaw University Tele-
scope Las Campanas Observatory, Chile. It’s an excel-
lent place for photometry, and the excellent equipment;
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however, due to modern methods of data reduction, we
have the results on eVscope 2 practically on the same
level. So, the obtained results confirm that compact
automated telescopes can achieve scientifically valuable
photometric precision even under light-polluted urban
conditions.

Over the past decade, small-aperture telescopes
have become effective tools for observing transits.
Wide Angle Search for Planets, WASP program is two
successful robotic observatories. The base equipment
of the WASP program is lenses with an aperture
of 111 mm (Pollacco et al., 2016). The Unistellar
telescopes, having practically the same aperture, can
provide wide support for professional observations.
Examples of the successful work of the eVscope are
observations of the comets 12P/Pons-Brooks and
C/2023 A3 (Tsuchinshan-ATLAS) 11, when their
magnitudes were greater than 16™ (Graykowski et al.,
2024).

4. Conclusion

The quality of the Unistellar eVscope 2 and modern
methods of data reduction allow us to use this telescope
and analogs as an effective tool for research, outreach,
and international collaboration. The hundreds of Unis-
tellar users, distributed across all continents, excluding
Antarctica, open new possibilities for:

including
and

e Long-term exoplanet
transit-timing-variation
orbital refinement.

monitoring,
(TTV) analysis

e Asteroid occultation studies, contributing to the
characterization of small Solar System bodies.

e Rapid follow-up of transient phenomena such as
supernovae and comets.

e Educational engagement, allowing students and
teachers to participate in authentic scientific re-
search.

e (Citizen science integration, supplying complemen-
tary datasets to major space missions (TESS, Ke-
pler, PLATO).

We showed the Unistellar eVscope 2 provides reliable
exoplanet light curves, validating its use in scientific
and educational contexts. Collaborative data merging
within the Unistellar community significantly improves
measurement accuracy and minimizes systematic er-
rors. The study demonstrates that citizen science
networks can meaningfully contribute to professional
astrophysical research.
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