Reproducing a Masterpiece. Laocoon: Molds, Plaster Casts, 3D Models
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ABSTRACT: Since the 18th century at the latest, ancient sculptures and reliefs
have been spread throughout the world in the form of plaster casts. To this day,
casts are valuable tools, particularly in Classical Archaeology. However, casts also
bear witness to a centuries-long tradition, to complex networks of artists, collectors
and researchers, and also to the object biography of ancient originals. With the help
of comprehensive 3D scanning campaigns of a total of 6 casts of the Laocoon group
from 1750 to the present day, we are pursuing a variety of questions. Specifically,
the 3D scans are analysed through shape comparison in various combinations. This
paper is a first report to present our questions, problems, methodology, first results

and next steps.

1. INTRODUCTION

Among highlights of ancient sculpture, the
Laocoon group holds a special position. Found
in 1506, the statue was soon put on public
display in the Vatican. Here, it was visited by
travelers, artists and scholars and became world
famous. It was repeatedly reworked, restored
and transported over long distances. The group
was also reproduced and molded in order to
create casts. These molding campaigns always
represent a unique snapshot of a very specific
state of the statue group, but have remained
largely unstudied until now. The respective
moment is lost in the original, but has been
preserved in the surviving plaster casts. The
technique of 3D scanning is used in this
complex network of reproductions as a central
tool for documentation, study and precise
comparison.

The main fields of research of the projet are: 1)
New investigation into the original thanks to
snapshots of the work at different times in its
object biography; 2) History of the reception of
the work in the form of casts while viewing their
production and dissemination: when and how
was a mold commissioned and how was it
made? The precise study of the casts is
facilitated considerably by the 3D scans as a
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means of documentation. Most importantly, the
digital comparison is expected to provide a clear
statement regarding similarities, matches and
deviations - more than the human eye can.

2. LAOCOON. ORIGINAL, PLASTER
COPIES AND DIGITAL COPIES

2.1. LAOCOON: THE ORIGINAL
MASTERPIECE

Figure 1: Original Laocoon group as seen in the
Vatican today
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The ancient original famous Laocoon group is
now in the Vatican Museums. Discovered in
1506 near the ruins of the Domus Aurea in
Rome, the marble group was in exquisite
condition but fragmented into several piecees.
The group was immediately recognized as the
Laocoon group described by Pliny the Younger,
which he had seen in the “domus Titi
imperatori”. The statue was acquired by Pope
Julius Il and thus became part of the Vatican art
collections that were being created at the time.
Almost every scholar of the following centuries
and several artists dedicated themselves to the
group: from Goethe, Winckelmann and
Lessing, to ElI Greco and Roy Liechtenstein.
Not only are there countless written and
pictorial receptions and adaptations, but the
original itself has not remained unchanged. In
particular, the right arms of each of the three
human figures and parts of the upper snake were
missing and were repeatedly added, altered and
re-added. It was only under Napoleon that the
group was moved to Paris in 1798,
supplemented and returned to Italy in 1815.
Finally, in 1903, a further component was added
to the group: the art dealer Ludwig Pollak
discovered the original, bent right arm of
Laocoon at the Roman art market. Finally, in
1960, large parts of the group were de-restored:
In particular, the right arm of Laocoon was
replaced with the “new addition” and the added
right arms of the two sons were removed.

2.1. THE DISTRIBUTION OF THE
LAOCOON IN CASTS AND THEIR
DEPENDENCIES

As part of the Vatican collections and undoubt-
edly as a unique, complex as well as sensorially
captivating group, the Laocoon soon became an
absolute celebrity and a canonical work. The
first copies in various materials were produced
soon after the discovery and installation, ini-
tially treated as exclusive items, but they were
gradually distributed more widely. The Laoc-
oon soon became part of the canon and no plas-
ter cast collection was complete without it -
from residences and museums north of the Alps
to academies in Italy Spain, and even Mexico.
In two-dimensional pictorial sources, the repro-
duction of the group is almost unmanageable.
The reception of the work has already been the
subject of numerous studies.

Despite their likely status as primary sources di-
rectly linked to the original work, the many
faithful plaster casts have not yet been system-
atically examined.
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This study focuses on the plaster casts still
preserved today. They can provide further
insight into the history of restoration and
additions to the piece. For example, research
has, against better knowledge, reduced the view
to only two versions of the right Laocoon arm -
the Montorsoli arm and the Pollak arm - but
there are even more variants of the group, which
are also firmly documented in casts.

As part of this project, six plaster casts of the
group were scanned in 2023 and 2024 to create
3D models as a foundation for the next steps:
two in Munich, and one each in Venice,
Bologna, Erlangen, and Leipzig. The casts and
their molds date from the 18th to 20th centuries.

Plaster Cast to- Production from the mold:
day in: of the plaster
cast
Venezia, Gall. 1755-57 from the mold of Filippo
dell’Accademia Farsetti around the
1750s, taken from the
original in Rome
Bologna, Acc. 1755-57 from the mold of Filippo
delle Belle Arti Farsetti around the
1750s, taken from the
original in Rome
Leipzig, Anti- Acquired from the mold taken be-
kenmuseum 1840-1859 fore 1815 in Paris
Erlangen, An- 1883 from the mold in Berlin,
tiken-samm- Gipsformerei SMB, no.
lung 263
Munich, MfA 1993 from the mold in Berlin,
1051 Gipsformerei SMB, no.
263
Munich, MfA 2008 from a mold taken from
1318 the original after the de-
restauration in the 1960s

Table 1: Casts of the Laocoon group scanned in
2023 and 2024

The distribution of the Laocoon in casts is
boundless. For this reason, many general ques-
tions concerning the general value of casts as
sources can be dealt in this project. Our main
questions pertain specifically to the molds and
how the respective casts differ:

- Comparing two casts that are believed to orig-
inate from the same negative mold (Venice/Bo-
logna): Can the digital comparison of 3D scans
provide proof of origin from the same mold?

- Comparing casts from different molds
(Venice/Leipzig/Erlangen): To what extent do
the molds from different periods differ and what
does this tell us about changes to the original?

- Comparing casts from the same mold but from
different periods (Munich/Erlangen/Berlin): Do



the 3D scans shed light on the transformation of
the original throughout the centuries?

In the following we would like to present first
comparisons and results of this method.

2.2. 3D MODELS AS AN
INDISPENSABLE WORKING TOOL

The Laocoon group is so complex, with three
human figures, two snakes, the altar and the
robes, as well as highly intricate movements,
that photographic documentation can only ever
be inadequate. In addition, casts show a vast
amount of detail: joinings, mold seams,
damages, inscriptions, etc. It is almost
impossible to compare these details with those
on other casts using the medium of

photography. The 3D scans are therefore
indispensable for studying the casts: in addition
to the geometry, they also show the texture in a
very satisfactory way. Thanks to the interactive
possibilities, they can be placed ad hoc in the
correct position for comparison.

Figure 2-3: Detail from the same perspective in the
3D model with texture of the casts in Bologna (top)
and Venice (bottom)

2.3 METHODOLOGY: SCANNING
AND PROCESSING

In addition to documenting the complicated
objects, the models are also to be measured and
compared so that they can be better assessed in
detail. Central questions are: how can casts be
compared digitally? What is decisive: surface or
volume? Which software is most suitable for
this task? How should deviations be classified
and interpreted?
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To ensure comprehensive and accurate details
for the 3D scanning of the Laocoon group plas-
ter casts, we utilised an Artec Leo scanner and
the workflow shown in Figure 5. The Artec Leo
is a structured-light, wireless scanner designed
for professional 3D data acquisition for metro-
logical applications. We utilised the Leo scan-
ner’s HD mode, together with hybrid tracking
technology to record the complex and precise
details of the statues in 3D. Thanks to its ease-
of-use, scan time efficiency, and accuracy, this
scanner has become widely adopted in museum
collection digitisation efforts. Furthermore,
with almost 500 gigabytes of storage volume,
the Artec Leo scanner was able to accommodate
the massive size of the Laocoon raw scans.

Figure 4: Scanning with the Artec Leo in Erlangen,
2024
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Figure 5: Workflow from scanning to data pro-
cessing and analysis

Data processing was later done in Artec Studio
v.18 Professional. We commenced importing
the raw scans from the scanner, conducting
automatic alignment, and removing any noise.
We continued by using the sharp mesh fusion
tool to generate detailed triangular mesh 3D
models of the different versions of the statue we
scanned. Furthermore, we used the Hole Filling
tool to close any gaps found in the 3D models,
and then we added textures obtained from
pictures captured by the Artec Leo to render
surface color with realism. All the 3D models
were later exported in .obj format to allow
import in 3D analysis software apps.

2.4 METHODOLOGY: COMPARISON

To compare the plaster casts of the Laocoon we
scanned in Munich, Venice, Bologna, Erlangen,
and Leipzig, we performed a three-stage analy-
sis. Each trial used one model for reference to
measure the other. This work combined Cloud-
Compare and MeshLab software in a structured
manner to evaluate the results.

250

Figure 6: 3D models of the cast in Venice (right) and
Bologna (left)

For instance, we imported the Bologna 3D
model into CloudCompare and prepared it as a
reference for the Venice one. These 3D models
were manually aligned by selecting common
points; afterwards, special parts of interest were
segmented and later exported in .obj format for
processing. In MeshLab, the three-dimensional
differences were computed by using the "Dis-
tance from Reference Mesh" tool. Visualisation
of these differences was carried out with the
"Colorize by Vertex Quality" tool, whereas a
graphical form of the vertex quality distribution
was obtained with the function "Show Quality
Histogram". Quantitative metrics have been
generated by the "Per Vertex Quality Histo-
gram” and "Per Vertex Quality Stat" tools,
providing detailed statistical insights that we
plan to use in future studies.

Other trials were consistently performed by re-
peating this process, and the Erlangen model
was also used as a referential model to the Mu-
nich MfA 1051 model and the Venice reference
model to the Munich MfA 1051 model.

Moreover, we wanted to find alternative ways
to compare each scanned statue beyond surface
comparison to aid interpretation of their similar-
ities and differences. Thus, we decided to cal-
culate each statue’s rib cage volume with milli-
metre precision. To achieve this, we aligned
four statues in mesh format within CloudCom-
pare, using the Venice statue as the reference for
the other three statues. Following sufficient
alignment, we segmented the rib cage of each
statue utilising the same software, and the mesh
files were later exported into .obj format.

To ensure the alignment enhancement, we im-
ported such mesh files into Meshlab for refine-
ment. Also in this case, we continued to use the



Venice Laocoon as a reference. At this stage,
the four statues’ transformation matrices were
frozen to avoid any further changes, and then
their rib cages were meticulously segmented to
match one another. As a result, the alignment
of the four rib cages became more precise. We
subsequently exported them in .obj format.

Filling the holes was crucial in calculating the
volume of the rib cages. Therefore, we em-
ployed Artec Studio Professional to close any
gaps and compute each model’s volume. The
volume measurement was successful for all the
statues’ rib cages with exception of the Bologna
statue because its back surface was damaged
and therefore open, showing the hollow side of
the plaster cast, which made it unusable for our
volume calculation. Table 2 shows that the rib
cages of the Venice and Munich versions are
quite similar, while the Erlangen one is about
700.000 mm3smaller.

Statue’s Rib Volume
Cage Measurement
Erlangen 31.149.100 mm3
Venice 31.830.100 mm?®
MfA 1051 31.842.700 mm?®
Bologna N/A statue
damaged and hollow

Table 2: Volumetric details of the Laocoon 3D
models analysed in this study

2.5. ANALYSIS AND EVALUATION
OF THE MEASUREMENTS

One of our main questions is: Which casts come
from the same negative mold and how do the
casts differ from each other?

When comparing two models, it is extremely
important where the alignment points are
placed. Initially, the results were astonishing
when the points were distributed over a large
area: In some cases, the entire figure tilts
strongly out of alignment with the other. With
an alignment in the lower area of the statue for
example, there are deviations of 5-10
centimetres in the area of Laocoon's head.

The reason for these deviations lies in the way
the objects are produced. On the one hand, casts
are made from separate parts - torso, lower
body, arm, leg, etc. - which are then assembled.
These joints can be recognised by a gap that is
still present. Sometime such joints were fuzed
together, which can be seen despite the seam.
These joints are different, depending on the
mold.
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Figure 7-8: Joints as seen on the Laocoon group in
Erlangen (left) and Leipzig (right)

Each of these large pieces is in turn created from
a mold that is composed of various individual
parts in a puzzle-like manner. These can be
recognised by an almost web-like arrangement
of seams covering the surface of a cast.

Figure 9-10: Example for a cast in its mold made of
individual pieces (left) and visible seams on the
surface of a cast (right)

This molding technique results in a large
number of possible deviations in the range of up
to 1 centimeter between the large parts and
around 1-3 millimeters for the individual
molded parts. This can of course add up
considerably for large figures.

Analog and digital comparisons and
measurements are therefore only possible
within the large parts of the body, but not
beyond. In principle, this also means that
archaeological research should not use larger
overall measurements of casts.

On the other hand, the study also shows that
discrepancies in the macro range say nothing
about the mold, as these questions can only be
investigated in the micro range.

For this purpose, individual segments that can
be assumed to be stable and less mobile in the
mold structure must be identified and
determined. For this purpose, we identified (1)
the altar, (2) the area of the lower back and



buttocks of the Laocoon, as well as (3) the chest
area. These areas were then compared in
various combinations.

Figure 11: Comparison of the altar in Venice (in
colour) and Bologna with deviations

Figure 12: Comparison of Laocoon’s back and
buttocks in Venice (in colour) and Bologna

Figure 13: Comparison of Laocoon’s chest in
Munich MfA 1051 (in colour) and Erlangen

Secondly, in addition to dimensional
comparisons, small superficial details can also
be evaluated as evidence of an origin from the
same mold: for example, the inscription LAO
on the side of the altar. On the casts the lettering
is mirror-inverted and raised, which means that
it was carved into the mold.
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Figure 14-15: Right side of the altar with the
inscription LAO: Bologna (left) and Venice (right)
are taken from the same mold
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Figure 16: Right side of the altar in Leipzig: no
inscription

3. CONCLUSION

This first report on the project has presented
hurdles and initial methods. It is already clear
that casts from the same mold can show large
deviations of several centimeters, while the
surfaces correspond more closely. Therefore,
the observation and comparison of segments is
the right approach.

Thanks to the successful results from our laser
scanning and model comparison process (table
2), we aim to enhance our exploration of the
similarities and differences among various
versions of the Laocoon group plaster casts
using an automated method that incorporates
machine learning techniques. This upcoming
research will utilise Open3D, an open-source
library that facilitates 3D data processing and
visualisation, which also supports 3D machine
learning with PyTorch and TensorFlow. The
significance of improving the workflow
presented in this paper to include automatic
point cloud alignment is that other researchers
who want to evaluate or re-use our 3D scan data
cannot easily reproduce our current manual
alignments in CloudCompare. Therefore,
manually aligned results might be potentially
controversial regarding repeatability. Thus, in
future work, we plan to use a programmatic
approach to match and compare the 3D models
of two versions of the Laocoon sculptures we
studied. This new development would also



allow us to include a numerical evaluation of
the registration results while ensuring better
repeatability and accuracy.
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