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1. Project description 3. The Planet Camera (Takahashi Mewlon-250) is ideal for

lanetary objects and small targets that require a smaller FOV.
The Stellarium Gornergrat is a long-term project carried out by an n ¥ ool & 9

on-going collaboration between the University of Bern’s Center for 4. The Constellation Camera is ideal to depict complete
Space and Habitability (CSH) and the Astronomical Institute (AIUB); constellations, asterisms, and group of constellations. It has a
the University of Geneva’s Department of Astronomy (DoA) and the customized housing that was developed and built in Bern.

Faculty of Science (FoS); the International Foundation High Altitude
Research Stations Jungfraujoch and Gornergrat (HFSJG); and the
Burgergemeinde Zermatt. Its major focus lies with public outreach
and education. The project’s main goals are: A major way to use the Stellarium Gornergrat is by scheduling
observations remotely through a web portal that triggers robotic
observing. Teachers, students, and the broad public can browse
and pick among different astronomical activities and schedule
observations. The Stellarium automatically works through the
different scheduled observations and allows a registered user to
access the obtained data or status information upon completion of
an observation task.

5. The Look-through Telescope (Takahashi TAO-150) for
local guests and guided tours at the observatory.

e  To build bridges between science and society.

e To spark and foster the public’s interest in space,
space sciences, and astronomy.

e  Attract young people to the field and illustrate potential
careers in astronomy and space sciences.

e Help people recognize and understand different
observable phenomena in the day and night sky and let
them appreciate the beauty and delicacy of nature.

To achieve these goals, the partners installed and operate an
observatory at the Kulmhotel Gornergrat with different
instruments and hardware (see Fig. 2). The instrumentation in the
south dome must survive challenging meteorological conditions
and is under constant maintenance. Our instrument park currently
consists of these 5 different instruments.

1. The Allsky Camera (OMEA 8M) takes around the clock
exposures of the day and night sky. This instrument replaces the
previous Allsky Camera that was destroyed in the lightning incident.
The camera is currently being commissioned in Bern.

Figure 1. The Orion Nebula (Messier 42), a great Hll and star
2. The RiFast 600mm telescope with a huge Field of View  formation region in Orion containing protoplanetary disks and
(FOV) is ideal for deep sky objects. brown dwarfs. Stellarium Gornergrat 60cm Deep Sky Telescope,
300s, Clear filter, 29.01.23. Observer: Serge Ribeaud.
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Constellation camera

Look through t

Figure 2. Available instruments at the Stellarium Gornergrat: On the ASA DDM 160 mount (with absolute encoders) inside the south dome
are the Officina Stellare RiFast 600mm “Deep sky telescope”, the Canon 60Da “Constellation camera”, the Takahashi TAO-150 “Look-through
telescope”, and the Takahashi Mewlon-250 “Planet Camera”(see image inset in the lower left). Mounted on a boom outside the north dome
is the Alcor systems “Allsky camera” with a DMK51AG02.AS CCD sensor (see image inset in the lower right).

2. Status of hardware and instruments

Table 1. Instrument/hardware status and performance.

Instrument

Status / Performance

Officina Stellare RiFast 60cm
(DeepSky telescope)

Instrument image quality
remained excellent in the
reporting period.

FLI Proline PL16803
(Main CCD detector)

The on-spec performance of
the CCD was unchanged in
2023.

Takahashi Mewlon 250
(Planet camera transformed to
Spectra camera in 2023)

This instrument has been
updated and equipped with a
new ASCOM-enabled focuser
and a Shelyak star analyser
100 spectroscope.
Commissioning will
commence through Q1/24
where we will allow a broader
user base to use the
SpectraCam.

Takahashi TOA 150
(Looking through telescope)

Telescope and eyepieces are
in very good condition and
regularly used in local events.

Canon 60Da
(Constellation camera)

The camera is in very good
condition and working as
expected.

ALCOR OMEA 8M
(Allsky camera)

The instrument’s mount was
moved from the North dome
to the South dome, where we
aim to operate the
instrument soon. Tests inside
were successfully completed
in 2023.

SAIA and weather sensors

The Lambrecht sensor worked
flawlessly in the reporting
period. The clarity cloud
sensor can no longer detect
raindrops (unchanged in
2023) but is otherwise
working fine. It will be
replaced once the next
generation is out. The regular
and dedicated precipitation
sensors work on spec.

ASA DDM160
(Equatorial mount)

The mount continuously
works as expected with no
thermal issues. We found
some software errors that can
lead to a forbidden slew with
the telescope down instead of
up. There is still no solution to
this problem so far (by the
manufacturer ASA).

102



International Foundation HFSJG

Activity Report 2023

EATON USV
(Large UPS in the cellar)

Yearly maintenance showed
no problems. Performed as
expected.

One of the two Acroname
USB hubs is showing signs of
wear (faulty port) and might
need replacement soon. It’s
ESD protection continues to
be invaluable for the health of
connected equipment such as
the FLI camera, telescope,
etc.

USB hubs, and active
repeaters

There were no problems
encountered in 2023.

Dome, azimuth and shutter
motors, encoder, hydraulic
system

Table 1 summarizes the instrument status throughout the reporting
period. Overall, the operations were stable, and the facility was at
a high rate available to our remote users. The only significant
downtime occurred at the end of April, when the control room,
middle floor, and the dome received an electrical revamp. This
renovation was long overdue, but it made sense to wait until the
Kulmhotel was reworking their electrical system as well. Significant
improvements, such as a new electrical sub-distribution, new
protected (UPS) and unprotected wall sockets, new room lights and
new dome lights were installed. A lot of old material and leftover
installations from previous tenants were removed. In that time, it
has also been decided to move the AllISky-camera from the north
dome to the south dome, and to completely remove the north
dome from power and return it to the Kulmhotel.

3. Milestones & Achievements regarding robotic abilities and
software on site

The automated observing procedure requires constant monitoring
and the generated error reporting output needs to be reviewed
regularly. In addition to these recurring tasks, our collaborators in
Fribourg also worked on significant improvements summarized
below.

Multiple observations per plan (multi-mode): the possibility to
request multiple observations per plan has been improved and is
now set as a regular usage mode. Numerous tests have been
performed and several modifications were needed to ensure plans
with multiple observations could occur successfully. These multi-
mode plans were notably triggering (too) many autofocus
procedures, impairing the schedule for other observations.
Therefore, the whole autofocus management system needed to be
redesigned.

Autofocus Management System: the whole Autofocus strategy
and implementation has been redesigned. Previously, almost each
plan was triggering its own Autofocus procedure, yielding too many
autofocus procedures and impairing the overall observation
schedule. A new approach has been designed and implemented.
Now the system always performs an autofocus at the start of the
night and on resuming from bad weather conditions. The autofocus
is always performed on the same target (M82) with a clear filter.
Upon failed autofocus, the system is allowed to retry before the
next plan up to three times. The efficiency of the new approach will
be evaluated during 2024. The error handling of autofocus
procedures has also been improved.
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System Overhaul: most of the computing hardware system will be
overhauled in 2024. We have already prepared and planned some
of the action items that will be needed.

Error Management: the error management of the automatic
observation system has been monitored and improved. We notably
corrected some critical issues after specific hardware failed, which
could trigger critical crashes.

4. Local events, remote usage, and statistical quantities
4.1 Local events and visitors

In 2023, a total of 897 persons (previous year 674) visited the
Stellarium and got a tour of the facility and/or night-time observing
on site. Further key numbers: Total number of day crew: 44
(previous year 37). Total number of night crew: 32 (previous year
21). The “Dining with the stars events” in winter were very
successful and often booked out. Similarly, the yearly “Space
Week”, that was organised between October 16" and October 21,
was very popular and attracted 157 visitors.

4.2 Remote usage via web portal

Remote usage, using classical observing plans, decreased to 4078
in the reporting period (6364 plans in 2022, 4190 plans in 2021).
While this seems well explainable and close to what was observed
in year 2021, when also similar weather data was observed, it
should be noted that we started to introduce a new and more
efficient way observing in fall 2023, the “multi-mode”. These plans
allow many images of the same object or at the same coordinates
to be taken in short sequence, allowing different filters, exposure
times, and binning. Our statistics package is not yet updated to
count ordered images within these multi-mode plans correctly and
reports just one image per plan, as correct for the classical mode,
instead of the correct number. Taking multi-mode plans correctly
into account yields a total of 10’473 ordered images for 2023 which
is a new all-time high. The success rate of multi-mode plans is with
31% below the success rate of classical plans (42%, see Fig. 4),
which can be explained by a lot of testing in bad weather on our
side. In 2023, 164 nights exhibited weather, where observations for
more than 70% of the nighttime (see Fig. 9) could be done. The
current number of images ordered reflects near-saturation of the
available dark time in useable weather. The weather in 2023 was
notably worse compared to 2022, where 197 nights allowed
observations for more than 70% of the time.
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4.3 System

System Status

Figure 3. System availability over the last 3 years. Each month is
represented with days online (green) and days offline (red). The
largest downtime in April 2023 was scheduled and caused by a
renovation of the control room, middle floor, and dome with focus
on the electrical system.

4.4 Automatic Observations

2021 2022 2023

8%
12367}

54% 50%
(2261) (3734)

m Successful Unsuccesful

Figure 4. Success vs failure of automatic observations plans. The
number of requested observations increased over the years (4190
in 2021, 6364 in 2022, and 4078 in 2023). For the last year, the total
number reported in this chart is not correctly reflecting the number
of ordered images due to the newly deployed multi-mode (see text
above). The success rate roughly varies between 40 and 50 % which
is what can be expected considering the weather conditions on the
Gornergrat. Most reported failures are due to unsafe weather
conditions (estimated > 90%) whereas the rest is caused by network
interruptions or other problems with hardware or software. Users
can reschedule an observation that failed, until it is successful.
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Figure 5. Histograms with observations in days/month over the last
3 years. The final status of the observation is colour coded. Green:
SUCCESS, the observation was successfully performed. Gray:
NOT_EXECUTED, the observation could not be executed because of
weather conditions, or the observatory was used for manual
observations. Dark red: FAILED, the observation failed because of a
problem within the system, because the target was too low or
because the weather conditions turned bad while performing the
observation. Orange: SKIPPED, the observation was skipped
because it was behind the scheduled time. Black: UNKNOWN, the
information could not be retrieved from monitoring and log files.
This can occur in case of a system crash or manual interruption of
the automatic procedure (may also occur because of tests
performed on the system).

2021

2022 2023

mm ConstCam  w@W DeepSkyCam WM PlanetCamPic W@ chile_cam

Figure 6. Instrument usage over the last 3 years. The trend of the
last years is continued, the most popular instrument by far remains
the RiFast 600mm / DeepSkyCam Telescope that was requested in
95% of all submitted observing plans in 2023. As the PlanetCam was
changed and updated to become the SpectraCam, the 159 ordered
images are to be attributed to administrator’s requests as we ran
several tests.
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Figure 7. Type of activity requested by portal users over the last 3 years. Activities that were selected less than 3% are omitted in the graphical
representation but can be found in Table 2 below. In 2023, comet C/2022 E3 (see Fig. 13) visited the inner solar system and was of great
interest to our users. This short activity was selected 25% of the time. Over the last 3 years, we observe a constant interest to observe
variable stars, driven by several matura theses with related topics. Among the classical activities, our Galaxy Zoo (red) is with 13% also in
2023 very successful.

Table 2. This table lists how often a certain activity was ordered via portal in the last 3 years.

Activity Name 2021 2022 2023
Asteroids_C 119 200 40
C-2022-E3 0 0 1025
CephTest02 0 0 226
Comets_C 41 51 203
Constellations_Activity 0 1 11
Constellations_B 146 239 36
CrabNeb_C 21 25 24
Gal_A 725 931 523
GalaxyZoo_B 225 131 76
Introduction to the Night Sky 28 58 11
JupDay_B 12 5 13
LRGB_multi_exp_MT 0 159 120
M106_multi_exp_MT 205 156 0
Moon_C 270 295 55
Planets_A 653 1268 70
Planets_A2 286 234 123
SolarSystem 0 0 16
VariableStars_D 840 1807 845
doublestars 20 60 60
exoplanets_matura_C 57 381 12
manual_mode 0 3 90
messier_catalog 384 239 260
moon_mount 50 70 35
multi_mode 0 0 142
phases of the moon 66 43 11
propermotionofstars_D 42 8 51
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4.5 Observing Conditions

Mean percentage of Safe Observing Conditions (During Night)

= safe_percentage

Figure 8. The robotic observatory always evaluates the weather
conditions. The software fuses all sensor data and sets a boolean
flag to true when it is safe to observe. The histograms show the
average percentage of time per/month when it was safe to observe.
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Figure 9. Analysis of night quality over the last 3 years. The indicated
percentage describes the proportional amount of time for a given
night, for which the fused sensor data indicated that it was safe to
observe. Example: In 2023, 55% of all nights had at least bad
weather for 30% of the night-time or more.

Quantity of Night Type per Month

10
11

2021
2021
202210
2022-11
202212
20231
2023-2
20233
20234
20235
2023-6
202311
202312

Figure 10. Per month analysis of the night quality as explained in
Figure 9.

5. Educational Activities
5.1 Physics Education Group, University of Geneva

In August 2023, Stéphane Gschwind ended his collaboration for the
Stellarium Gornergrat in order to focus time and energy on his
teaching duties and the ever-increasing demands of his work at
school. For more than 10 years, since the very beginning of the
project (first Agora funding 2012), he has been key for the
development, improvement, and dissemination of the educational
activities (modules, website, outreach, presentations, publications,
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initial and in-service teacher education. Since September 2023,
Jean-David Picon has joined the team of the Stellarium Gornergrat
and taking over the succession of Stéphane Gschwind in the work
on educational activities. He is currently working on the following
topics:

Hubble's law: Starting from an experiment realised by Carmesin et
al (2018) with an 11' telescope, build an "all inclusive" activity for a
class of high school (student and teacher documents):

- basics of cosmology and history of science

- explanation of the phenomena and equations involved
- necessary data and sources

- measurements

- software and analysis

- results and possible problems

- discussion from the educational point of view

Annual parallax: Parallax played a non-negligeable role in history
of science, and had it been discovered earlier it could have
completely changed the course of events. Development of a high-
school educational activity based on observations with the
Stellarium (student and teacher documents):

- historical context from Antiquity to the XVIII century
- physics and mathematics of the problem

- optics fundamentum

- measurements

- analysis and results

- discussion from the educational point of view

Collaboration with other teachers happens in form of meetings
with and providing support for teacher colleagues in order to
promote the Stellarium for their classes and high school theses
(“travaux de maturité”).

5.2 Collaboration with University of Siegen

Within a collaboration (see “Funding” below) with the Astronomy
Education Group at U. Siegen (Germany; Simon F. Kraus, Marvin zur
Mihlen, Leon Rohde, Oliver Schwarz) work has started on the
following topics:

Stellar Colour Study: Students will explore stellar colours, utilizing
the colour index and the Hertzsprung-Russell Diagram (HRD). This
activity aims to track changes in stellar colours, which serve as
indicators of individual star evolution. Historical data will play a vital
role in this investigation.

Binary Star Systems: Historical photographic plates will be
employed to track changes in relative positions within binary star
systems. These orbital data will help deduce critical physical
properties, such as the system's total mass. Furthermore, by
incorporating historical data, we can conduct long-term
assessments of stars' proper motion.

The focus will primarily be on the level of the upper secondary
school. At the time of reporting, a corresponding master's thesis is
being written in preparation for the project.

The initial focus will be on stellar astrophysics. An attempt will be
made to link historical sources with modern observations, as
Neuhduser et al. have successfully done in a publication in 2022.
The central questions for the students will be what significance the
colours of stars have and whether changes in star colours might be
detected. The starting point for the students will be historical
reports (primarily from the 19th century for linguistic reasons, e.g.
A. von Humboldt or J. Madler), in which older reports on star
colours and (supposed) colour changes are summarized. The
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content can then range from free-eyed observation (taking into
account the physiological and psychological effects of perception,
as also provided for in curriculum 21) to photographic methods and
measurements to determine the colour index.

From an educational perspective, in addition to the astrophysical
content, the aspects of Nature of Science that are to be addressed
with the activity should be emphasized. This includes, for example,
the critical evaluation of sources (such as Humboldt's publication
here) and the search for suitable methods to verify them.

The planning of further activities is still at an early stage. A
cooperation with the Argelander Institute at the University of Bonn
is currently in preparation, in the context of which the photographic
plate archive is to be used. By comparing old images (Karl Kiistner's
photographic plates date back to around 1900) with modern
images from the Stellarium, it is potentially possible to measure the
proper motions of stars, measure changes in the position angle of
binary star systems with longer orbital periods or, if possible, detect
changes in the pulsation periods of variable stars. This illustrates
the value of historical data, or catalogue data in general, for
astronomical research, where changes and movements in
individual objects are often only recognizable on long and very long
time scales.

Due to the complex evaluation procedures for old photographic
plates and for reasons of accessibility, it is planned to make the
material available in processed and digital form. The exact focus of
the activities will be determined in the course of 2024, after the
first pilot evaluations of the photographic plates.

Beyond this new content, there will be a general reflection about
the educational use of remote observatories, aiming to understand
how these activities impact the perception of authenticity and of
the history and nature of science linked to integration of
astronomical activities into science teaching.

Table 3. Development of educational activities in 2023.

Name Status

Exoplanets High school student theses
Work in progress

Parallax Work in progress

Cepheids Work in progress

Stellar colors Proof of concept, first steps

Binary stars Proof of concept, first steps

5.3 Funding and Perspectives for 2023

20 % part time leave for teacher: physics education group, UniGe
(S. Gschwind till 8/2023, J.D. Picon since then)

500’000 EUR grant by the Kuhn foundation for Physics Education
within the “Stifterverband fir die deutsche Wissenschaft”
(https://www.stifterverband.org/english) for further development
of the Stellarium Gornergrat in collaboration of the University of
Geneva and leading researchers in Germany. Work on several
topics has started (see sect. “Educational Activities”)

Cosmology perspectives: Among the perspectives for 2023 we
would like to mention also, among others, a funding request for
cosmology within the Agora program of the Swiss National Science
Foundation, where activities with the Stellarium are planned to
have an integral part (cosmic distance ladder, Hubble law).
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6. MINT grant: Augmenting existing teaching materials

The first goal, the upgrading of existing teaching materials, was
continued in 2023, so that all activities for primary and secondary
school are newly organized according to the current curriculum 21.
It divides the eleven school years into three cycles:

1. The first cycle comprises two years of kindergarten and the
first two years of primary school.

2. The 2nd cycle covers the 3rd to 6th grade of primary school.

3. The 3rd cycle includes the 7th to 9th grade of secondary

school.

The lesson plans take into account the cumulative learning in
didactics (spiral principle) and the specific abilities and skills
important in natural sciences (scientific working methods, DAH).

The curriculum 21 covers the following astronomy skills: Pupils can
perceive, describe, and explain phenomena on Earth and
movements of celestial bodies. This competence is continuously
worked on in all three cycles. The individual competency levels
formulate the preliminary and intermediate stages through which
more comprehensive competencies are built up:

e In the first cycle, pupils describe and compare their ideas
about the sky, celestial bodies and the universe and observe

and explain phenomena in the day and night sky qualitatively.
In the second cycle, they work on questions about the Earth
as a planet and celestial bodies, gather information and
present their findings. Pupils also make observations of the
day and night sky over a longer period of time and structure
these results quantitatively. Furthermore, they can transfer
phenomena relating to the earth, moon, planets, sun, and
stars to simple models and describe, explain and link
characteristics and relationships to movements and spatial
and temporal situations.

In the third cycle, pupils can access information on selected
questions about celestial bodies and the universe, investigate
facts and compile, organize and present findings. The skills
achieved at the end of the third cycle can be regarded as
prerequisites for the gymnasium level.

The rich learning tasks are presented in an interactive, electronic
self-learning environment according to the principle of flipped
learning: Specific questions enable students to develop the theory
in a lasting manner using instructional videos, documentaries, and
texts. Cooperative exercises and discussions further consolidate
the lesson material.

The learning environments for the 3rd and 4th grade in primary
level and the introductory chapter for the high school level are both
published in the German language. For the second goal, language
parity, the activities “A Day on Jupiter” and “Supermoon” were
published in French. The activities “Constellations” and “Solar
System” are currently being translated.

7. Future goals on the Stellarium educational portal

Further sub-projects are planned for the year 2024:

1. The conversion of all existing activities into e-learning
environments for high school level and secondary level 1.

2. The publication of new e-learning environments for the
1st/2nd grade and 5th/6th grade primary level.

3. Translation of previous learning environments into the Italian

language.
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4. Development of new teaching materials on current topics in
astronomy and space research by the educational teams at
the universities of Bern, Geneva and Siegen/Kiel.
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Figure 11. A glimpse on a page of the new e-learning environment
for the 3rd/4th primary school level.
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Figure 12. A glimpse on a page of the new e-learning environment
for middle and high school level.

Figure 13. Comet C/2022 E3 observed with the RiFast 600 telescope
of the Stellarium Gornergrat on January 26™ 2023. Total exposure
time 100min (5x300s in filters R, G, B, Clear). Striking is the green
colour of the coma which is most likely due to the presence of
diatomic C, near the head of the comet. Observer: Timm-Emanuel
Riesen.
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Internet links

https://stellarium-gornergrat.ch/
https://stellarium-gornergrat.ch/portal
https://akademien-schweiz.ch/de/themen/mint-forderung/mint-2021-
2024/projekte-2021-2024/

https://be.lehrplan.ch/index.php?code=e |64
https://be.lehrplan.ch/index.php?code=e| 6| 3&hilit=101e6FtKeULMVzaq8
7H4t3r2kGR7Bp#101e6FtKeULMVzag87H4t3r2kGR7Bp
https://sites.google.com/stellarium-gornergrat.ch/stellariumgornergrat-
klasse3-4/startseite
https://sites.google.com/stellarium-gornergrat.ch/stellariumgornergrat-
gymnasium/startseite
https://www.globi.ch/globi/detail/globi-im-weltall/505050/

Scientific publications and public outreach 2023

Conference Papers
Focus Meeting (“Journée d”étude”) “Stellarium Gornergrat —Educational
Impact and Potential”, Geneva, Switzerland, June 2, 2023.

Stellarium Gornergrat: A swiss remote-controlled observatory for education
and public science, ESERA conference, Nevshehir, Turkey, August 8, 2023.

Stellarium Gornergrat, educational program: looking backward, looking
forward, Stellarium Gornergrat General Assembly, Bern, Switzerland,
September 14, 2023.

Riesen, T., M. Missura, H. Summermatter, Stellarium Gornergrat:
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