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ABSTRACT: The Antikythera mechanism is an ancient astronomical calculator,
the fragments of which were discovered in 1901 near the Greek Island Antikythera.
Dating back over 2,000 years to Ancient Greece, this remarkable device was used
to calculate the positions of the sun, the cycles of the moon, solar and lunar eclipses,
and the dates and locations of the Panhellenic Games—Dboth for past and future
dates. The advanced engineering behind the mechanism was lost to history, but
modern visualization techniques have allowed researchers to analyze radiological,
archaeoastronomical, and mathematical data, enabling the virtual reconstruction of
the device. Our web-based Virtual Reality model provides a wider audience with
access to the main fragment and an open data replica. Updates to the model based
on new discoveries, such as the recently proposed Draconic cycle dial, are both

time-saving and cost-effective.

1. INTRODUCTION

In 1900, a group of Greek sponge divers from
Symi took shelter from a fierce storm near
Antikythera, an island located off the southern
coast of the Greek mainland. When the storm
subsided, the divers did not find sponges, but
rather the remains of a Greek or Roman
shipwreck, which appeared to have sunk around
60 BCE. The following year, they recovered
many artifacts from the seabed, including
amphorae, bronze and marble statues,
glassware, pottery, jewelry, and coins. Among
these treasures, which originated from the
eastern Mediterranean, was a corroded lump of
bronze that seemed unrelated to the other finds.
While the spectacular artifacts were displayed
at the National Museum of Archaeology in
Athens, the bronze fragment was set aside for
later examination. Over time, in the dry air of
the museum archives, the fragment eventually
split open, revealing a remarkably well-
preserved gear wheel, with its 1 to 1.5-
millimeter-long teeth closely resembling those
of a modern timepiece.

Scientists were amazed to discover a high-
precision gear wheel dating back to antiquity. It
wasn't until the 1950s that British physicist and
historian of science Derek de Solla Price solved
the mystery of the Antikythera mechanism.
Price realized that the original device had been
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flat and rectangular, about the size of a large
dictionary. A complex gearing system inside a
wooden casing moved several pointers around
circular dials on both the front and back of the
device, displaying the positions of the sun and
moon for any given date [1]. The names of
celestial bodies are engraved on the mechanism
[2], leading some researchers to believe it was
designed also to show the positions of the five
planets known to ancient Greek astronomy—
Mercury, Venus, Mars, Jupiter, and Saturn—
even though no parts of the corresponding gears
have survived [3].

Ancient Roman literature provides evidence
that the Greeks constructed clockwork
mechanisms of this kind. In the 1st century
BCE, Poseidonius (c. 135-c. 51 BCE), an
acknowledged scholar, settled on the island of
Rhodes, where he taught and contributed to the
scientific advancements of his time. It was there
that lawyer and later Roman consul Cicero saw
a device, “cuius singulae conversiones idem
efficiunt in sole et in luna et in quinque stellis
errantibus quod efficitur in caelo singulis
diebus et noctibus” (“which at each revolution
reproduces the same motions of the sun, the
moon and the five planets that take place in the
heavens every day and night”), as he wrote in
his work “De natura deorum” in 45 BCE [4].
The discovery of the Antikythera Mechanism
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proves that Cicero’s description was meant to
be taken literally.

Meticulous analyses of all 82 surviving
fragments, including high-resolution computed
tomography scans penetrating the metal, show
that the Antikythera Mechanism was a
sophisticated mechanical calendar crafted from
bronze, a dedicated, gear-driven astronomical
calculator. Its plates were inscribed with scales
and texts detailing its various functions. One
face of the device displayed a lunisolar calendar
with a date indicator. A pointer, which housed a
rotating black and silver ball, tracked the lunar
phases. A fixed ring dial featured the 12 signs
of the zodiac, while another ring marked the 354
days of the lunar calendar [5]. Closely spaced
holes underneath the lunar ring appear to have
been used to rotationally adjust it to the zodiac.
On the opposite side of the mechanism, two
large displays provided further astronomical
information. The top dial, designed as a spiral,
displayed a lunar calendar tracking the 19-year
Metonic cycle—named after the Greek
astronomer Meton of Athens—with its 235
synodic lunar months. A second spiral dial
below was used to predict solar and lunar
eclipses, with an embedded smaller dial
indicating their approximate time of day.
Finally, within the upper Metonic dial, a smaller
subsidiary dial indicated the four-year cycle of
the Panhellenic Games, specifying both the
timing and location of the events, thus
providing the only non-astronomical (but rather
social and cultural) information processed by
the device.

2. REPLICA IN WEB-BASED VIRTUAL
REALITY

The Antikythera mechanism, with its 30
preserved gearwheels, is an extraordinarily
complex calculating machine that represents a
previously unknown level of scientific and
technological achievement not seen again until
the Middle Ages. Visualizing its operation is no
easy task. Although several physical replicas
exist, they are usually not accessible to the
public and only represent the state of
archaeoastronomical research at the time of
their creation, becoming outdated as soon as
new discoveries are made. Diagrams of the
gearings, whether technical drawings or
schematics, fail to convey the impressive
physical appearance of this stunning artifact.
Video animations of the mechanism’s operation
on the other hand are linear and non-interactive.
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Our goal was therefore to create a freely
accessible replica of the mechanism, including
a 3D model of the iconic main fragment,
accomplished through:

e the use of open web technologies,

e the use of open-source software and
frameworks,

e web-based Virtual Reality (Web VR)
viewable on any device, not requiring
any additional hardware such as VR
headsets or dedicated projection
systems,

e full 3D animation and interactivity,

e a downloadable 3D model, published
under an open license.

By utilizing open technologies and software, we
have created a realistic VR model of the
Antikythera mechanism embedded into a
dedicated webpage [6], ensuring it to be freely
accessible to scholars worldwide. The animated
3D model can be downloaded both from its
webpage and from Sketchfab [7].

Figure 1: VR model of the Antikythera mechanism
with the solar year dial and the sidereal, synodic and
Draconic moon cycle display.

The 3D model can be freely tilted or zoomed
and supports both research and educational
purposes. A slider at the bottom allows for
fading in or out both the iconic fragment A and



the replica. The open data model is easily
adaptable, enabling time-saving and cost-
effective updates based on new discoveries. The
following example may illustrate the process.

3. EXAMPLE: THE DRACONIC MOON
CYCLE DISPLAY

Since the first replicas of the Antikythera
mechanism built by Derek de Solla Price and
Michael Wright [8], scientists have believed
that the crown wheel al, the only gear rotating
in a perpendicular direction to the rest of the
mechanism, and meshing with the main four-
spoked wheel b1, would have been driven by an
input crank or knob, through which the gearing
could be manually set in motion.

Figure 2: Four-spoked main wheel B1 (center) with
meshing crown wheel Al (right).

Recent research, however, has shown that this
hypothesis is unlikely to be accurate. An input
through pivot A would create issues with torque
and movement resolution, leading to excessive
wear on central components of the mechanism,
a phenomenon that could not be observed in the
CT scans of fragment A, within which the
relevant gears were preserved. The authors of
two recent papers have demonstrated that pivot
A was likely designed to support a gear found
in the coin-sized fragment D. This gear rl with
its 63 teeth is exceptionally well-preserved,
though its function had so far remained
unknown. Together with an additional,
hypothetical gear with 22 teeth, gear train A
would enable the tracking of the Draconic moon
cycle—a feature that had so far been missing
from a device otherwise focused on calculating
lunar motion [9]. This hypothetical array is
highly precise and produces a phase difference
error of 0.00202809 days/1 Draconic pointer
rotation, corresponding to only ~29
minutes/Draconic month (27.21222 days) [10].
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Figure 3: Gears sl (22 teeth, ceter) meshing with
rl (63 teeth, center bottom), providing a display of
the Draconic moon cycle.

With this interpretation of gear train A, the
Antikythera mechanism is revealed to provide
information on all the lunar cycles known to
ancient Greek astronomy: the sidereal, synodic,
anomalistic, and Draconic cycles. Furthermore,
it is only with the addition of a Draconic dial
that the otherwise incomplete large eclipse
prediction dial on the back of the mechanism
makes sense.
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Figure 4: Draconic gearing scheme with pivot A
(white, lower), pivot S (white, upper), gear r1 found
in fragment D and the hypothetical gear s1 driving
the Draconic pointer. (Voulgaris, A. et al., 2022)



Gear Teeth Meshing Driving/  Gear ra-
with driv. by tios
bl 225 al — —
al 48 bl rl 4.6875
rl 63 sl al 4.6875
sl 22 rl — 13.4233*

Table 1: Gearing scheme of a hypothetical
Draconic cycle display.

* Number of Draconic months

per Callippic tropical year.

Despite the stringency of this new hypothesis,
most existing visualizations of the mechanism
have not been updated and still feature a
previously assumed input crank on pivot A.
Physical replicas are difficult to modify, and
outdated illustrations based on previous
research continue to circulate freely online. In
contrast, our model, built using the same
technologies as any normal webpage, can be
easily adapted. Incorporating the new findings
into the existing VR model was a matter of little
time, and today a working version of the
proposed Draconic dial is part of our virtual
mechanism.

4. CONCLUSION

The Antikythera mechanism, dating back to the
1st or 2nd century BCE, is an astronomical
calculating machine of remarkable complexity
and precision. Its discovery in 1901 revealed
previously unknown dimensions of the
technical and mechanical knowledge in ancient
Greece. Visualizing the sophisticated device
has always been a challenge, but open-source
software and web technologies make it possible
to create virtual models that allow for the
interactive exploration of the mechanism,
including parts that have not been preserved.

Our animated VR model of the Antikythera
mechanism has been created using open-source
software and web technologies only, not
requiring any additional hardware components,
thus ensuring free accessibility for scholars,
teachers and developers worldwide. The model
offers a realistic representation of the historical
device, with updates—such as the recently
proposed Draconic cycle dial—being quick and
cost-efficient. Freely downloadable and open
data, our model of the Antikythera mechanism
provides free access to both a significant
archaeological find and an accurate replica of a
device that was 1,500 years ahead of its time.
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