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Abstract: Digital technologies allow to connect more closely
collections of machines in museums and universities to
machines in historic monuments. The article discusses why
digital collections should be established (1), how the digital
models should be produced (2) and how the virtual models
could be used by historians of technology as well as trainers
of machine builders (3).
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1 Introduction

The history of technology is one of the small subjects that try
to bridge the gap between technology studies and humani-
ties. Material objects have played a certain role in the his-
tory of technology from the beginning. Many objects have
therefore been digitized in recent years, especially in muse-
ums and university collections. Therefore, the advantage
of digitalization that has so far mainly made use of is to
heighten the focus of both research and knowledge transfer
on (technical) objects in cultural monuments or landscapes.
In this article, we want to demonstrate the possibility to
tie in with old traditions and potential of new technolo-
gies opening opportunities for efficient way to solve this
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problem (to put it bluntly, “Matschoss 2.0”). The article, how-
ever, focuses less on the motives for such projects rather
than on examples providing theses-like answers on how to
approach them.

We have already discussed digitization methods, pro-
cessing and benefits of digital models as part of the 3D
project [1]-[5]. We regard digital twins as a supplement and
aid to the real object and for this reason consider their
use to be sensible. The aim of their digitization project is
to promote research on the object and to support it with
retro-digitized material. The former is only possible as long
as the objects exist. No historical buildings are as endan-
gered as the technical ones. This chapter therefore aims to
address the problem of how retro-digitized copies of histor-
ical machines can be made available in a compatible way
for research into the history of technology. Reusability must
be considered from the outset. This could be applied to all
areas of digitization: digital recording, documentation and
indexing, publication, use and archiving [6].

In the knowledge that the problems mentioned in the
field of digitization are not unknown, that solutions are
being worked on and that the results will still take time
or are not yet ideal due to external conditions, the authors
would like to explain the needs for the field of the history of
technology.

Our examples are historic machines as a central field of
investigation in the history of technology. The purpose of a
machine is its function, which is accompanied by mechan-
ical motion sequences. A technical device that is still in
operation or only partially in operation is more meaningful
than one that has been shut down. If it is no longer func-
tional, an important part of understanding the mechanics
is missing. Without this knowledge, answers to questions
are less precise and often no longer reproducible, espe-
cially for non-measurable variables [7]. However, this is a
basic prerequisite for a scientific approach to a technical
object.

Our article places first the collecting of virtual models of
machines in a historical context (2), gives then an overview
on the appropriate methods of digitalisation (3), treats the
use of the virtual 3D models in general (4) and finally espe-
cially the aspect of animation and simulation (5).
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2 Collecting machines in history

Conrad Matschoss (1871-1942) was one of the most impor-
tant players in establishing the history of technology as
a scientific discipline. With regard to power engines, he
stands on the one hand for the tradition of researching
them, and on the other hand for the establishment of
machine collections of various kinds: generations of tech-
nology historians have dealt with his “History of the Steam
Engine,” on which Matschoss first published in 1901. By
elaborating this topic into the two-volume, scientifically ori-
ented “Development of the Steam Engine” (1908), Matschoss
broadened his knowledge of exemplary objects. It is there-
fore not surprising that he, who was director of the Asso-
ciation of German Engineers (VDI) from 1916, wrote the
contribution on “Power Machines” in 1925 in the catalog
published by the VDI for the opening of the permanent
exhibition of the Deutsches Museum. The reference here
was to a material collection that included original power
machines, replicas and models of power machines. This
already contained a certain amount of immateriality, in that
reference was made to originals that no longer existed or
were preserved elsewhere [8].

Seven years later, Matschof8 had finally arrived at
a quasi “virtual” collection: In the volume “Technische
Kulturdenkmale” (Technical Cultural Monuments), which
he published together with Werner Lindner in 1932, he again
wrote the contribution on power machines. The individual
machines, which were scattered all over the empire, appear
there only as pictures and are described less than was usual
for other monuments at that time. Nevertheless, this volume
can be seen today as the beginning of a series of inventories
along which industrial monument preservation developed
[9].

Conrad Matschoss thus also had material sources in
mind, both those in the museum and those in the cultural
landscape. With regard to the question of the digital net-
working of collections, his role, sharpened as “Matschoss
1.0,” can be classified as follows in the development of col-
lecting machines:

2.1 Collecting for commerce and industry

As is generally the case for museums, important roots for
machine collections lie in the chambers of art and curiosi-
ties of the early modern period. By the 18th century at
the latest, those responsible for technical collections also
began to systematize and classify their holdings in analogy
to the natural sciences. This contributes to the develop-
ment of scientific disciplines. In addition, the motive that
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collection objects could be used for education, and that
this in turn could serve to promote the trade, increasingly
came to the fore. Thus, in addition to the more or less
accidental objects that entered the cabinets of curiosities,
objects were now more often systematically acquired and
models built. The material objects thus also complement the
machine books, which are more or less a kind of virtual
collection. In the field of machines, it is now less whole
machines that are collected than machine elements in gen-
eral or, for example, gears. By the end of the 19th century,
collections had been established at numerous institutions
— from technical educational institutions to private initia-
tives (Francke’sche Stiftungen) and trade promotion institu-
tions [10], [11].

Some of the early collections are still present at the uni-
versities today. As the recently intensified research on uni-
versity collections shows, such collections were expanded
or even newly created at the technical colleges and univer-
sities until after World War II [12].

How far they were and still are used is more difficult
to determine. The only certainty is that with the advent
of computers and the associated programs for design (e.g.
CAD) and simulation (e.g. with finite elements), the relative
importance of material models in research and teaching
declined.

2.2 Collecting for the history of technology

In the meantime, however, the old model collections have
acquired an additional value: They only document current
technology to a small extent, but they have mainly become
a material document of historical technology.

In mechanical engineering today, the history of its own
subject plays only a subordinate role — in contrast to civil
engineering or electrical engineering, for example. How-
ever, this may be due to the fact that, unlike buildings, most
machines have a much shorter useful life, was not always
the case:

When the history of technology emerged as a scientific
subject at the beginning of the 20th century, the focus was
more on machines. The aforementioned collections, which
had been established in the 19th century, were already get-
ting on in years by then. In the newly established technical
museums such as the Deutsches Museum, some collections
were now reused and new ones were created, whereby
the value of the objects as historical documents was now
emphasized.

Certainly, the emergence of the history of technology
in the age of historism had something to do with the fact
that the protagonists, such as Conrad Matschoss and Oskar
von Miller, wanted to raise the social status of engineers [9].
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Nevertheless, a didactic function of the institutions for the
engineers themselves should not be overlooked:

The Deutsches Museum was conceived primarily as a
“place of popular education” and was probably successful in
this regard to the extent that some engineers report having
been motivated to study engineering through visits there.
However, as at many other museums, a “study collection”
was set up there for the specialist public. This opened
up the possibility of expanding one’s own knowledge of
machines into the past. The extent to which engineers made
use of the study collections has not yet been researched in
detail.

2.3 Historical machines as monuments

Today, historical machines are preserved and maintained
in many places: At universities and other educational insti-
tutions, in museums, in tradition-conscious companies and
by numerous clubs, collectors and “screwers”. In a general
sense, they are “monuments” because they are preserved as
evidence of the past. Some of them are also cultural mon-
uments in the sense of the monument protection law and
their owners are obliged to maintain them in the interest of
the public. Parallel to the emergence of special museums col-
lections, objects of industrial heritage came to the attention
of the emerging heritage conservation movement as early as
the 19th century. But it was to tae until the 1970s before they
were gradually accepted as equally worthy of preservation
(in Germany and Austria; in UK this happened earlier) [13],
[14].

The care of monuments between the interest of lovers
and public obligation is one form of a society’s confrontation
with its past. Another form is history, understood here as a
scientific examination of the past with the use of historical
sources as its center.

Historical machines — whether cultural monuments or
not — can be used as sources, even if this is rarely practiced.
They allow statements to be made that are certainly also
of interest to general history, but especially to mechanical
engineering as a branch and discipline. Here, too, the didac-
tic potential inherent in the preserved machine inventories
has hardly been exploited.

2.4 Prospects for digital collecting

Digitization is creating new opportunities: catalogs have
been digitized for decades, and museum objects have been
digitized for years. Digital “worlds of things” are emerg-
ing, and in connection with the digital infrastructure, the
question arises as to the extent to which knowledge stocks
created in various places can be stored, networked and
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made accessible in a meaningful way. This has always
worked better for knowledge stored in libraries, archives
and museums.

A challenge, but also an opportunity, is the integra-
tion of knowledge contained in objects that are distributed
across the cultural landscape. In the “paper universe,” mon-
uments were increasingly out of the research spotlight.
Moreover, the form of collecting also had disadvantages:
The museum object was torn from its context, and the
monument object in turn lacked the didactic context of the
museum. In both variants, the function of the machines
was in some cases hardly comprehensible or only under
circumstances that were questionable from a conservation
point of view, such as the cutting open of originals.

2.5 Vision for digital collections

With the technical means now available, it should be pos-
sible both to avoid these disadvantages and to make new
offers to those interested in technology: Whoever is inter-
ested in a certain machine could thus, in a few years, see
via a platform not only where there is literature or files on
the subject, but also where there are comparative examples
in museums or monuments. For some, the references will
be enough; for others, it will be an occasion to seek out
the objects themselves. For the original object, as the latest
discussions show, continues to play a role: this applies to
teaching and education in the field of technology and the
history of technology, but also to research. Here, it is new
scientific and technological methods that can be used to
question the historical objects that have been substantially
preserved.

In addition, spatial contexts can now be presented vir-
tually in the museum, and reference can be made at the
object to the contexts of the content and to any externally
preserved objects in the museum.

There is still a long way to go before this vision is
achieved. In the following, we present questions that arise
on this path and try to give first answers from our experi-
ences, which are to be understood as contributions to the
discussion.

3 Digitalizing machines

Machines as a part of the Industrial heritage represent a big
variety of objects, which differs in their dimensions, con-
structional complexity, disposition (“built-in” or detached),
material property and functionality.

So it is a challenging task, to find a suitable approach
to digitize such samples in a necessary manner. For each
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individual case should be decided, what parameters and
characteristics, like geometry, colour and texture. Material
properties (e.g. reflectivity, roughness) or internal invisible
structures (built-in parts or mechanisms) are relevant for
documentation and which imaging sensor can capture this
information.

3.1 Methods in overview: laserscanning

In general, the optical imaging methods can be represented
through two principal approaches — active and passive
measurements. The active imaging sensor emit a signal to
objects capturing mostly geometrical information in form
of 3D coordinates or distances relatively to a sensor posi-
tion. The passive imaging use ambient lightning (natural or
artificial) to capture light waves reflected from objects (no
additional signal will be sent from a sensor).

The active imaging sensors use different light emis-
sion techniques. The laser based sensors send a laser signal
(Light Amplification by Stimulated Emission of Radiation)
to identify pointwise a distance from sensor to object sur-
face calculating time needed for laser beam running to
object and back (ToF/Time-of-Flight technique) or wave-
length phase difference of emitted and reflected laser signal
(Phase-shift technique)

Such sensors build a big methodology group named
LiDAR (Light Detection And Ranging) represented through
a number of different 3D laserscanners, which differs in
their range (from close- and medium-range with laser emis-
sion capacity till 150 m to long-range till 1 km), recording
location (terrestrial/TLS, aerial/ALS) and scanner position-
ing (static or dynamic).

Horizontal and vertical directions are measured using
angle encoder devices, resulting in spatial polar coordi-
nates for each scanned point. Then XYZ coordinates related
to the device coordinate system can be derived, which
can be transformed into a parent object coordinate sys-
tem via coordinate transformation. The result is a three-
dimensional point cloud with 3D coordinates, intensity val-
ues representing laser beam reflectivity from object mate-
rials and colours, if the digital camera has been applied in
parallel (built in scanner) (Figures 1 and 2).

Terrestrial close- and medium-range scanners are often
applied for capturing relatively large objects like architec-
ture (castles, palaces) and archaeology sites (caves, head-
stones, graveyards) [15]-[18].

3.2 Scanning smaller objects like machines

For out contribution, we focus on power machines as
Matschoss had it in focus. With regard to the mentioned
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Figure 1: Samples of heritage objects captured with a 3D structured light
scanner Artec Spider ©University Bamberg, Digital Technologies in
Cultural Heritage.

Figure 2: Samples of photogrammetric captured objects in different
sizes (point clouds and meshes) ©University Bamberg, Digital
Technologies in Cultural Heritage.

parameters and characteristitcs, one can arrange this power

machines in the following order:

— Its size range from about 2m to about 25m of the
longest part

— The geometry is often very complex, e.g. concerning
objects with open gear wheels.

— Inthe objects of the 20th century, this wheels and other
structures are often internal

— As metal is a dominant material (besides some wood
in the older machines), there is often the problem of
reflectivity.

In relation to the System of Luhmann concerning the rela-
tionship between measurement methods and object size
and accuracy [19], only a part of the methods is relevant
(Figure 3).

The method named light sectioning approach, which
is often applied for accurate surface inspection in indus-
trial production and monitoring captures the surface with
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Figure 3: Measurement methods relatively object size and accuracy
clearly presented in Luhmann et al. [19].

pm-details, however, without colour information and is not
relevant for our purpose.

Meanwhile the Near light sectioning approach, easy-to-
use sensor technology with high recording speed, precise
geometry with high detailing and texture mapping is widely
used in industry as well as in cultural heritage documen-
tation [20]-[23]. Here, 3D close-range scanners use struc-
tured light technique, where device projects a light pattern
(net, strips, points, stochastic pattern, etc.) on object surface
and calculate its 3D form observing with built-in cameras a
pattern deformation on object surface. In this case, object
geometry can be captured in sub-mm range with colour and
texture information.

The passive technologies are based mostly on pho-
togrammetric approach including different camera sensors
like professional and amateur cameras, video cameras,
drones and smartphones. 2D and 3D object geometries as
well as colour with texture can be captured using digital
images and photos. For a 3D reconstruction, series of photos
should be done around an object from different positions
and directions. Using Structure-from-Motion algorithm, 3D
object points be calculated from the set of overlapping
images. After orientation and alignment of images, a pho-
torealistic 3D model will be generated with high accuracy
[19].

A 3D model includes a point cloud or a polygon mesh to
be coloured or textured. Up to objective capacities, a detail
reproduction namely GSD (Ground Sampling Distance)
varies between sub-millimetres to several metres, which
allows to capture different sized objects.

Photogrammetric systems using camera are assessed
for accuracy according to the guideline VDI 2634 [24]. Imag-
ing approach can achieve maximum length measurement
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deviations of less than 0.03 mm in 1m? according to VDI

2634.

The photogrammetric method “Structure from Motion”
originally comes from computer vision [25] and is widely
applied in the documentation of cultural objects. The combi-
nation of sensors (e.g. laserscanning and photogrammetry)
is also becoming increasingly important 3D reconstruction
(191, [26], [27]

However, optical methods come with certain limi-
tations, primarily concerning the accessibility of objects
(or their components), the complexity of their geometric
shapes, the interrelationship between parts and the sur-
face textures. Figure 4 effectively illustrates the challenges
involved in digitizing cultural industrial artifacts:

— some components are embedded within a wall, mak-
ing them difficult to record or accurately reconstruct
(Figure 5);

— larger and smaller details cannot be captured using the
same sensor, necessitating the use of a combination of
recording techniques or sensors (e.g. laserscanning for
room and large parts as well as photogrammetry for
fine details and realistic textures);

— object textures may be rough, dusty and lacking distinct
features, which can significantly impact photogram-
metric reconstruction and structured light scanning.

™

specially for recording of complex construction and mech-
anisms with internal structures methods like computer
tomography (ICT) or ultrasonic approach, are more suitable
for object structure exploration.

ICT is an active imaging method, where the X-ray beam
serves as the emitter (transmitted signal). Due to the X-ray
beam properties, it is efficiently used for the internal struc-
ture capturing and suitable especially for inhomogeneous

Figure 4: Virtual reconstruction of the Lower Waterworks, Schloss
Schwetzingen using CAD by C. and M. Steffen ©LAD, RPS
(https://bit.ly/3WrpCsK).
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Figure 5: Virtual reconstruction of the Lower Waterworks, Schloss
Schwetzingen using CAD by C. Kopanitsak ©ITZ, KIT
(http://bit.ly/4aw7pQv).

objects [28]-[30]. In addition to common medical applica-
tions, the method is used for the digitisation of glass objects,
natural objects in combination with photogrammetry, as
well as for the recording and inspection of heritage and
industrial objects [31]-[35].

4 Using virtual 3D models

Creating virtual 3D models of complex objects such as his-
torical machines, known as retrodigitized models, is no easy
task. If you want the geometry of the original, including
deformations, the object must be digitally captured. A suf-
ficient data basis for alternative approaches is usually not
available.

The digitally captured machines are seen as a single
coherent object, as a surface model. This means that all the
individual parts are fused together.

If you want to illustrate more than the outer shell, such
as the materiality, condition, etc., in order to also show
the internal processes, the parts of the object must also
be recreated virtually. This is because the individual parts
that were captured externally in the surface model cannot
be easily removed. The result would be fragmented parts
of the surface with significant holes, which would not be
of much use for further observation or investigation. The
question is whether to dismantle the machine completely
and capture the components individually, or whether to
reconstruct the individual components. The virtual recon-
struction is a less complex option for larger machines but
currently has to be carried out manually. Automated conver-
sion processes are not mature enough for complex objects.
After the components of the machine have been recon-
structed, the object can be animated with a replica (see
chapter 5).
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The function of machines consists of mechanical pro-
cesses. The representation of these movements is a funda-
mental prerequisite for understanding the objects.

Retrodigitals are already in use in the field of education:
in university teaching, in museums, in the field of cultural
heritage sites, etc. Depending on the requirements, they
are prepared in a more or less simplified form in order to
convey complex processes in a supportive manner. Above
all, however, they represent an end product that is usually
presented passively to the user. Although 3D viewers allow
the user to be more active, such as rotating, zooming, view-
ing by driving in, etc., access to the model itself with all
its data is usually not possible in these applications. Only
appropriate software allows complete access. A prerequisite
is knowledge of how to use them.

If you want to create virtual 3D models as a source for
research, the models and data must be made available for
use accordingly. Also the changeability of the data must not
be ignored. With the advent of new technology, new calcula-
tion methods allow the 3D model to be displayed differently
from the previous one. The existing (research) databases
cannot cope with the work with virtual 3D models.

Some research work in the field of digital collections
does not yet reflect the concrete use of digital models as a
knowledge repository. Models are still being analyzed and
compared with the original [36], [37]. The approach is some-
times superficial and does not exploit all the possibilities.
Just as hyperspectral photography reveals things in paint-
ings that you would otherwise not see, 3D objects can also
expand the possibilities for researching the technical arte-
fact. For example, by adding missing components, calculat-
ing forces with physical simulations (see chapter 5), viewing
the machine from a bird’s eye view - all without invasive
intervention. However, one reason why these possibilities
cannot be fully utilised is due to the fact that 3D tools for
scientific research are not yet fully developed. They require
a high level of computing power, as the operation and read-
ing of the models into the corresponding software is more
complex. And most good programmes are either expensive
and proprietary or are still at a stage of development where
they are not yet fully functional.

Extensive work with digitized material takes place pri-
marily when digital methods are tested or an object is dig-
itally recorded in connection with a research question [23].
The recording and thus also the processing is then usu-
ally focused on a specific problem and takes place within
a working framework that is generally not available to
researchers, such as technical equipment, digital know-how
and tools. The digitized material is primarily used to find
a solution. The application is therefore predetermined, but
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also limited. A specific question would not be sustainable
when creating a digital collection of historical machinery
in situ for teaching and research. The data collected should
contain answers to as many questions as possible and be
able to answer further questions with the digitised objects
that cannot be answered with the originals.

In archaeology, for example, whose sources mostly con-
sist of three-dimensional finds and investigations on the
object, such as surveying, are common — whereby digital
techniques have long since been introduced. In the history
of technology work on analog objects is rarer. Here the step
to the digital model is even further. Although virtual models
are slowly finding their way into teaching, they are still a
rarity, possibly because many people are not yet aware of
the possibilities offered by digitised objects. Apart from the
fact that there are still too few digital collections of machines
or that they are still being developed, most of them have
not been created specifically for research purposes or do
not meet the requirements. How these could or should be
designed has not yet been determined and requires discus-
sion. Detailed standards exist primarily in the 2D area. For
digital recording in 3D, workflows from related areas have
so far been adapted and customized.

4.1 Description

For the development of programmes or their adaptation to
the needs of scientific work in order to counteract the prob-
lems described above, closer cooperation with computer
science should be considered.

In order to be scientifically usable, digital copies of
the technical cultural heritage in situ require a database
that, on the one hand, enables extensive enrichment with
descriptive metadata of the digital copy and a description of
the content of the object depicted and, on the other hand,
allows interactive operation with queries of the models.

In addition to the assignment of a persistent identifier
to locate the models and extended access options such as
the search mask, scientific indexing is particularly impor-
tant for dealing with the models and objects. Technical
objects are generally poorly indexed and are only occasion-
ally or not at all represented in databases. The breadth of
objects for comparison would be particularly important for
research. In addition to the description of the content of the
object, differentiated information on the formal description
plays an important role. This includes a classification of the
objects, the description of the materiality, dating, technical
information on sizes such as capacity and performance of
machines, the presentation of different construction phases
and, last but not least, the historical classification and
contextualization. A standardized form using controlled
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vocabularies is crucial here in order to ensure the exchange
of data across different database systems. However, it is still
necessary to clarify which metadata should be collected and
which persistent identifier should be assigned in order to
enable a smooth process in scientific research.

The networking of digital collections leads to an expan-
sion of the object collection and helps to cover a wider range
of objects. Cooperation contributes to the standardization
of data and prevents individual solutions that make com-
parison difficult. Technical installations in situ are not only
relevant for the history of technology, they touch on several
fields of research. There should therefore be links to other
databases, such as building research, restoration, museum
and cultural science collections, etc. [38]-[42]

In addition, such a digital collection should be able to
compile or refer to all information and sources, such as
literature, documentation, building plans, illustrations etc.

5 Animation and simulation

Although imaging digitization processes can record the
machine geometry, dynamic components such as kinemat-
ics can only be recorded in the configuration available at
the time of recording. This greatly reduces the added value
of digitized data for further research.

In the case of decommissioned systems, the virtual ani-
mation of the digital copies counteracts the loss of vividness.
With animation technology, individual sequences are posi-
tioned manually. Movement is generated by calculating the
interpolation between the individual images.

The process is suitable for understanding the mechan-
ics, which are not readily apparent in complex systems.
However, the representation of functions using animation
hasitslimits. Although the general process is simple, its com-
plexity grows according to this of the object. Above a cer-
tain point, this is not to manage with an appropriate effort.
Although it is possible to create dynamic models based on
scan data, this is hardly practicable for large collections,
complex systems or extensive facilities. In addition, physical
motion sequences cannot be represented correctly. Changes
to the animation can only be made holistically, as the anima-
tion technology cannot independently transfer individual
changes to the remaining processes and has to be carried out
manually for the most part. There is no connection between
the various components and therefore no knowledge.

Further and more in-depth analyses and research ques-
tions regarding the mechanics are not possible, as the ani-
mation process does not produce any data. Without data, no
new insights can be gained and problems remain unsolved.
Systems that are no longer in operation and whose modes
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of operation can no longer be fully deduced from sources
require other solutions.

A simulation is the closest possible reproduction of
events in digital form using a model. It provides realistic
predictions of actual behavior. Virtual simulation is used in
plant engineering to validate the functioning of mechanical
components. It can realistically reproduce physical motion
sequences of mechanics by calculating the development of
the dynamic model components in real time on the basis of
physical rules and regulations.

The advantage over animation is that the simulated
behavior of machines is more realistic and comprehensible,
as every parameter of the simulation model can be read out
and displayed at any time. This also allows further questions
to be answered that depend on pressure, temperatures or
forces, for example. Another advantage is that the dynamic
simulation model is interactive, allowing users to control
a machine or vary external parameters depending on the
programme used [43].

Methods already exist for application to CAD models.
The mathematically defined surfaces are an advantage here.
The algorithm developed for the geometric analysis of shafts
and gears calculates the simulation parameters for the
required components of a kinematic simulation, the physics
and mechanics simulation. Thanks to the geometric anal-
ysis, the kinematic simulation can be parameterized fully
automatically. This means that a complex gearbox model
can be converted into a kinematic simulation model and
simulated in real time.

Photogrammetric models are covered with a dense
mesh. For this reason the algorithm does not recognize geo-
metric features without errors and requires manual sup-
port. The model has to be segmented, classified and struc-
tured manually. The effort involved is great and the results
are not reliable.

The procedure was tested on the model in Figures 4 and
5 and realised in PolyVR. When the model is imported into
the program it ideally detects the corresponding gears, their
axes, and the number of teeth. Based on these parameters
and the spatial positions of the other gears, the program
can already perform a real-time kinematic and mechanical
simulation applied to the individual components. In this
process, all components respond to the mechanical transla-
tion, which can also be modified. This represents a signif-
icant difference compared to animation, where the speed
of each individual element must be set manually and does
not respond to other components or the environment. The
calculated values of the gears are displayed by the program,
as shown for instance in Figure 6, as wavy lines. In the
future it should be possible to transfer these and other
parameters into additional simulation programs to analyze,

DE GRUYTER

Figure 6: Simulation of 3D-photogrammetry-model with PolyVR by V.
Héfner ©IML, KIT (https://bit.ly/40qdVna).

for example, material weaknesses or heat development,
enabling the investigation of even more complex research
questions.

Despite some problems, such as the overshadowing of
frequencies by the mesh, it was possible to parameterize
the simulation and determine the axes of rotation and the
periodic properties of the toothed and comb gears. However,
the simulation of the mechanics using virtualization meth-
ods from the CAD model to the photogrammetry model still
requires more in-depth analysis and application to various
mechanics. There are not only unanswered questions about
further application, but also about how the data can be
made available to users. What is certain is that the simula-
tion is only semi-automated. The process is still too complex
for the use of Al. Answers can therefore initially only be
used for pre-defined questions [43]-[45]

Online 3D viewers are currently being developed for
the representation and accessibility of animations or sim-
ulations, including the 3D viewer Kompakkt, which now
enables animation within the tool itself [46]. Annotations
on the models, which can be placed at individual points
and explain them with specific information, are also very
useful. This makes it possible to record and understand cor-
relations more quickly. It is also advantageous if users can
add their own annotations to support their work with the
model. In the future, the use of Al would be conceivable and
helpful here, which could provide data on further questions
on a selective basis. These functionalities are essential for
them to be useful in research. However, these viewers are
still under development. On the one hand, the difficulty lies
in making the use of 3D objects as user-friendly as possible,
which is associated with technical challenges such as keep-
ing the loading time of the objects as short as possible, as
well as optimising ease of use such as intuitive navigation
in space or the use of interactive elements. If these elements
are missing, they only represent preview images for inac-
cessible machines.


https://bit.ly/40qdVna
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Another way to represent these technical functionali-
ties would be to bring the 3D models from their digitized
form into the analogue world using 3D printing. However,
this would require a CAD model, which would need to be
reconstructed with the intention of being subsequently 3D-
printed and assembled. However, it would make it possible
to test the functionalities on a smaller scale in the real
world if necessary and would probably come closest to a
reconstruction in the traditional sense. That being said, the
physical data would then have to be obtained again using
measurement instruments, as it would not be directly avail-
able through simulations in the digital form.

6 Conclusions

Compared to other disciplines, research into historical
machines can still be quite time-consuming these days. Most
of the information is still on paper and has to be collected
from different places and areas (libraries, building research,
monument preservation, museums, companies). It becomes
even more difficult when comparisons have to be made.
Each comparison doubles the effort. Written sources are not
enough either. The facilities should be inspected on site, but
these are not always accessible. Some technical installations
have been moved to museums and thus taken out of con-
text. The associated buildings, which also tell a lot about
working conditions, have often been demolished. Here you
have to make do with photos. Documentation with plans
and descriptions are very helpful here, but these were not
always produced. In general, there are still many gaps in
the information available, as objects were not indexed or
researched in detail for a long time.

Digitization enables broad indexing and easy access to
all technical objects — at any time, in any place. A digi-
tal collection enables a uniform, standardized description
and indexing that promotes and advances research on the
object. Objects can not only be compared with each other,
but also linked and reassembled. Musealized installations
can be completed virtually by recreating their original loca-
tion as a virtual supplement. This is how Matschof$’ goal
could be achieved.

All that needs to be done is to promote the digitization
of such facilities and to set up digital research infrastruc-
tures to make them accessible.
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