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Application of Analogne and Digital Methods in Cultural Heritage for 1 irtual and Physical Documentation

and Dissemination

Photogrammetry and 3D scanning technologies have emerged as key players in digital heritage
preservation and its dissemination. They allow for high-fidelity captures and virtual reconstructions of
the built environment that can be further ported into virtual reality (VR) and augmented reality (AR)
experiences. This paper provides a comparative analysis of historic details and building documentation
methods in heritage preservation. Specifically, it compares two educational case studies documenting
the same set of historic artifacts with various digital technologies. The methodology for this paper is a
qualitative comparative analysis of these projects. The results demonstrate that interpretative qualities
are necessary for proper communication of digital heritage and there is a need for effective conceptual
frameworks for integrating interpretive and narrative layers into 3D captures.

Keywords: mobile technologies, digital heritage, photogrammetry, heritage preservation

Introduction
Emerging imaging technologies are creating opportunities for new ways of documenting
and surveying buildings. They provide architects and conservation professionals with high
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fidelity and rich spatial data that includes textural and chromatic information in addition to
2D and 3D geometries. These photogrammetric models are created by extracting detailed 3D
information about an object or environment from a series of overlapping photographs taken
from different angles. By using common features in these images, such as points, edges and
textures, the spatial relationships between these features can be calculated. These relationships
are then used to reconstruct the 3D geometry.

This paper discusses designated strategies in the architectural heritage field that integrate
emerging digital imaging techniques and reflects on the conceptual shift in the way heritage
is documented and presented. It also shows how the continuing development of digital tools
and associated conceptual frameworks can contribute to the presentation of built heritage in
museum exhibitions and other forms of display.

Specifically, the article focuses on two historic preservation surveys conducted at the
historic Old Cemetery in Lodz, Poland, one in 2013 and another in 2023, with both studies
using different cutting-edge digital tools. The article provides a comparison of results and
methodologies that may be useful in the field of historic preservation and heritage promotion
in contemporary society.

Background and literature studies

Drawing documentation plays a critical role in architectural design and heritage conservation
by providing a visual and accurate record of design intent and/or features of existing conditions.
It supports creative thinking and decision making, and guides conservation efforts by ensuring
that future conservation projects are carried out with respect for the historic integrity of the
site. Drawing surveys can also act as “time capsules”, documenting a particular condition of
the structure at a particular point in time.

Beyond the purely analytical aspects of documentation —recording the physical conditions of
a structure and its dimensionality — there are also synthetic and interpretive qualities associated
with the process of abstracting a visually rich spatial object into its 2D representation. As such,
any 2D representation can be seen as a form of more or less subjective interpretation of an
object. The latter has been a subject of discussion among architects since the Renaissance,
when Giorgio Vasari first presented his concept on the subject.

Roots of building surveying concepts

Analogous methods of measuring and depicting buildings have been in use since at least
the early fifteenth century. During a trip to Rome in 1405, Filippo Brunelleschi and Donato di
Niccolo di Betto Bardi, known as Donatello, surveyed ancient ruins with annotated drawings
in order to study features and elements of Roman architecture. The documentation developed
by Brunelleschi and Donatello went beyond the illustrative recording of ancient buildings and
ruins. They served as analytical and synthetic repositories of knowledge that were subsequently
used to develop early Renaissance architecture and art in Florence.

The importance of the building survey concept was recognised as eatly as the mid-sixteenth
century, when Giorgio Vasari defined it as a documentation process involving measutring
(misurare) and drawing (disegnare). Since then, the phrase “measure and draw” has been widely
used to describe processes that are crucial for education and research, not only in architecture.
Another concept proposed by Vasari was the dialectical relationship (dichotomy) between
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imitation (imitazione) and invention (invenzione) in the context of artistic creativity.! In this
approach, imitation should be understood as the “mechanical” reproduction of nature or
works of art that facilitates learning and guides artists in the development of higher levels
of visual mastery,” while invention, as distinct from imitation, facilitates the conception of
original artistic ideas. Imitation thus subscribes to the logic and intentions behind the “measure
and draw” methodology and is often seen as a prerequisite for innovative design through the
process of continuous abstraction and iteration. It can also be seen as a step in the development
of critical thinking that can later be applied to the innovative stage.

The methods described by Vasari have been widely used without significant modification
until recent times. The purpose of the building survey (essentially Vasari’s “imitation”) also
remained unchanged: to provide architects with knowledge of the architectural space as a
mixture of form, function and construction, and to use this knowledge in a subsequent design
process. With the development of archaeology and heritage conservation in the eighteenth
and nineteenth centuries,’” the importance of accurately delineating existing structures
increased significantly. At the same time, architectural apprenticeships involved the production
of elaborate drawings with decorative lettering, hatching and graphics. The tradition of
documentation continued into the early twentieth century. The most recognisable figure in
modernist architecture — Le Corbusier — emphasised the value of documenting architectural
precedents. His sketches involved a process of abstraction of the inherent attributes of the
architectural context, as investigations of mass, sutface and plan.* This tradition continues,
but in a different form, where the spatial qualities of buildings are explored through light,
materiality and narrative.’

The evolution of building surveying

Before the Industrial Revolution, construction was a continuous process of reusing existing
structures. As a result, their reuse and alteration required surveying, which was an important part
of the architect’s work. In the nineteenth century, however, the building industry experienced
the first wave of industrialisation, in particular prefabrication and mechanisation, while the
surveying methods developed in the Renaissance remained unchanged. There was no stimulus
for the development of new methods, as construction activity concentrated on new buildings,
which proved to be faster and cheaper to construct.

Today, building surveys are once again gaining in importance. Climate change and the
consequent need to decarbonise the construction industry have led to an increased interest in
adaptive reuse rather than demolition and new construction.® Therefore, surveying continues to
be one of the fundamental activities of professionals involved in the protection, conservation
and popularisation of heritage.

' VASARI, Giotgio. Lives of the Most Exellent Painters, Sculptors, and Architects, (translated by Gaston du C. de Verre;
edited, with an introduction and notes by Philip Jacks), New York: The Modern Library, 2006.

2 DE GIROLAMI CHENERY, Liana. Giorgio Vasari’s Fine Arts From the Vite of 1550: The Splendor of Creativity
and Design. In: Journal of Literature and Art Studies, 7(2), 2017, pp. 140-178.

* McKEE, Hatley J. Recording Historic Buildings, U.S. Department of the Interior - National Park Service, 1970.

* AKBOY-ILK, Serra. Crafting the Architectural Measured Drawings. In: The Plan Journal, 2(1), 2017, pp. 39—61.

> DI MASCIO, Danilo. 3D Representations of Cities in Video Games as Designed Outcomes: A Critical Overview
and Systematization. In: JANSSEN, Patrick, et al. (eds) 22ud International Conference of the Association for Computer-Aided
Architectural Design Research in Asia: Protocols, Flows and Glitches. Hong Kong: CAADRIA. 2017, pp. 33—42.

¢ Enropean Commission: Renovation Wave, accessed August 31st, 2024, https://energy.cc.curopa.cu/topics/energy-effi-
ciency/energy-cfficient-buildings/renovation-wave_en
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Until recently, the most common method of surveying was by hand. However, the process
is labour intensive and subject to human error. Therefore, several discrete rules and systematics
have been developed to avoid mistakes.” Various devices and instruments such as levels,
theodolites, plane tables, etc. have been invented or adopted to improve the result.” Despite
these efforts, the quality of the result depends mainly on the experience and precision of
the surveyor. This requires not only the knowledgeable and skilful use of tools, but also the
synthesis that is essential for transferring measurements to paper (and later to a computer
screen). It is necessary not only to represent the measured object reliably, but also to apply a
graphical delineation that is easy to understand.

Computer Aided Drafting/Design (CAD) methods, which have been around since the 1960s,
have introduced a significant but gradual change to the surveying process. CAD drawings have
the advantage of being reproducible and easy to revise. However, the introduction of CAD in
this field also brought a backlash from traditionalists — opinions were initially divided between
architects and conservators. Many argued that CAD drawings did not capture the essence of
the building and were too sanitised and therefore inappropriate for this application. Although
some authors have highlighted the controversial role of IT in architectural conservation,’
the methods of surveying remained the same, with only the graphical presentation changing
significantly. Measurements were made in the traditional way, but combined with the use of
somewhat improved measuring tools, such as a laser rangefinder, which allowed more accurate
measurements and made it much easier to obtain dimensions of hard-to-reach building
elements. The subsequent graphical processing was carried out using computers, resulting in a
“hybrid” model of traditional and innovative tools.

From the perspective of the Renaissance “measure and draw” method, Tavernor’s work
on Alberti,"” with its extensive use of 3D modelling, drawing and photogrammetry, represents
a breakthrough moment in the conceptual and technological transformation of architectural
survey methods. The early 2000s demonstrated that architectural and conservation practices
benefited from the use of computer technology,' which continued to evolve over the following
decade as CAD software was gradually replaced or combined with new sophisticated platforms.
The integration of digital 2D and 3D survey models can provide a deeper insight into both

7ILTER, Akin Tolga, OKSUZ, Merve, BALCI YASAR, Sertap. Digitally enhancing interior architecture education:
Case of online building surveying class. In: ITU A | Z, 20(2), 2023, pp. 299-315.

8 DEVILAT, Bernadette. 3D laser scanning built heritage: St Boniface’s Church as a teaching experience. In: GREE-
NOP, Kelly, LANDORE, Chris (eds), Digital cultnral heritage: Future 1 isions. Brisbane: Centre for Architecture Theory
Criticism History, 2019, pp. 18-38.

? ASHTON, Robert. Beyond CAD: The Application of Computer modelling and Visualization to Architectural
Conservation. In: Journal of Architectural Conservation, 1(3), 1995, pp. 42-54.

""" TAVERNOR, Robett. On Alberti and the Art of Building. New Haven: Yale Press, 1998.

" DUMONT, Guillermo Guzman, HUGHES, Thomas. Matetial Presence: Spatial Potential. In: DUMONT, Guill-
ermo Guzman (ed), Libro de Ponencias. Concepcion: Ediciones Universidad del Bio-Bio, 2001, pp. 186—188. SEE-
BOHM, Thomas. The Ideal Digital Design Curriculum — Its Bases and its Content. In: PENTTILA, Hannu (ed),
Architectural Information Management, Helsinki: eCAADe, 2001, pp.180-185. KEPCZYNSKA-WALCZAK, Anetta,
WALCZAK, Bartosz M. A Holistic Approach towards Teaching Architectural Conservation. In: CHOUTRAJANK,
Araya (ed), Proceedings of the 8th International Conference on Computer Aided Architectural Design Research in Asia. Bangkok:
CAADRIA, 2003, pp. 411-420.
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the current geometric configuration and the construction phases, allowing for other analyses."
Scale and irregularity, two major obstacles for traditional building survey methods, are no
longer a limitation with the introduction of laser scanning and digital photogrammetry tools."
Finally, new possibilities are opening up for the visual representation of building survey results.
However, the debate between mechanical precision and evocative drawings remains untresolved.

Progress in surveying technologies and tools

3D laser scanning equipment has been available on the market for a considerable period
of time. However, the equipment was expensive and not widely used for building surveying,
except for large and complex projects. This issue was identified even in the most technologically
advanced economies, such as the United States of America. A survey of construction industry
professionals conducted in 2015 revealed that cost was the primary obstacle to the adoption
of new technologies, including Building Information Modelling (BIM), augmented and virtual
reality, wearable technology, laser scanning and drones. Other concerns included a lack of
staff support, a lack of expertise and doubts about long-term applications in the construction
industry." In this context, the availability of easily accessible mobile applications for 3D
scanning provides a much-needed boost to the adoption of these technologies in practice.

Although photogrammetric applications in heritage conservation are not a novel concept,
numerous studies have previously demonstrated their efficacy and performance.” This study,
however, aims to emphasise the accessibility of this technology, its growing user base and the
extensive range of applications it can be used for. Furthermore, accessibility is contingent upon
cost, which is a crucial factor in facilitating the widespread adoption of the technology.

Robert Warden highlighted that digital technologies have significantly transformed the
surveying process,'® yet the fundamental objectives of built heritage recording remain consistent:
to meticulously document objects and to gather the maximum amount of information necessary
to preserve and promote the heritage. This indicates the potential for a rethinking of the ways
in which digital heritage and historic preservation are communicated and disseminated."”

The impact of mobile media
The pace of change in communication and information technologies continues to accelerate,
bringing opportunities and challenges in seemingly equal measure. The prevailing cultural

2 MANZO, Antonella. On the Integration of Digital 2D and 3D Survey Models for the Geometrical Configura-
tion and the Damage Assessment of a Medieval Building in Venice. In: IOANNIDES, Marinos, et al. (eds) Digital
Heritage. Progress in Cultural Heritage: Documentation, Preservation, and Protection: 7th International Conference, EuroMed 2018,
Springer International Publishing, 2018, pp. 677-688.

B BROWN, Amanda. City-scaled digital documentation: A comparative analysis of digital documentation technologies for recording
architectural beritage (Publication No. 1795563765) [Doctoral dissertation, Clemson University] ProQuest Disserta-
tions and Theses Global, 2016.

" DEBS, Luciana, HUBBARD, Bryan, ZIMPFER, Mark. Teaching of emerging technology in construction educa-
tion. In: IOP Conference Series: Earth and Environmental Science, 1101(8), 2022, p. 082032.

> RAHAMAN, Hafizur, CHAMPION, Erik. To 3D or not 3D: Choosing a photogrammetry workflow for cultural
heritage groups. In: Heritage, 2(3), 2019, pp. 1835-1851.

"®WARDEN, Robert. Towards a New Era of Cultural-Heritage Recording and Documentation. In: APT Bulletin: The
Journal of Preservation Technology, 40(3/4), 2009, pp. 5-10.

" NAGAKURA, Takehiko, SUNG, Woongki. Ramalytique: Augmented reality in architectural exhibitions. In: Con-
ference on Cultural Heritage and New Technologies 19th Proceedings. Vienna, 2014, pp. 3-5.
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attitude towards mobile media'® renders the practice of drawing on paper a less attractive
and appealing pursuit than it was previously. The added value of digital technologies lies
in the ability to create 3D models that enhance the analytical and interpretive qualities of
the object. However, 3D laser scanning is predominantly a passive process. It is also still a
relatively expensive technology. It is not surprising, therefore, that the current state of the
art in 3D surveying is the subject of highly specialised courses and training. Conversely, the
findings of the literature review conducted by Arteaga et al."” indicate a growing interest in the
integration of novel technologies, such as mobile applications, into heritage documentation
and interpretation. Indeed, some authors have recently highlighted the advantages of utilising
mobile devices for the documentation of buildings.”’ An increasing number of researchers are
acknowledging not only the academic but also the practical value of these developments, as
previously mentioned. Nevertheless, the existing literature on this subject remains limited. To
address this gap, the utilisation of smartphones for the documentation of a building through
digital photogrammetry — an emerging technology and teaching method — constituted a pivotal
element of the educational experiment delineated in this article.

Project set-up and methods

The article examines the implications of evolving methods and techniques for the
documentation of buildings, their components and analogous objects, with a particular focus
on heritage conservation. Two conservation surveys of heritage objects (predominantly
gravestones in the historic Old Cemetery) in Lodz, Poland, are presented as case studies
to support this discussion. The two studies surveyed the same group of monuments using
technologies that were relevant at the time of their respective conduct: 2013 (Study One)
and 2023 (Study Two). Both studies were conducted with students enrolled in professional
architectural programmes. Each study followed a different timeline. Study One comprised
a summer survey and a semester-long course, while Study Two was a week-long intensive
workshop with additional prior introductory lectures.

Study One, also referred to as “analogue-to-digital” for the purposes of this article, was
conducted in July 2013 as part of a two-week summer internship in historic preservation, a
mandatory part of the curriculum of the professional architecture degree programme at Lodz
University of Technology (TUL) in Poland. The students surveyed 12 tombstones and graves
in the Catholic and Lutheran sections of the Old Cemetery. The gravestones were made in the
leading stonemasonry workshop of the Urbanowski brothers at the turn of the nineteenth and
twentieth centuries. These gravestones represented features and forms typical of the period,
with a predominance of Classical, Romantic (naturalistic) and Art Nouveau styles. Some of

8 VORDERER, Peter, KLIMMT, Christoph. The Mobile User’s Mindset in a Permanently Online, Permanently
Connected Society. In: LING, Rich, et al. (eds), The Oxford Handbook of Mobile Communication and Society, Oxford
Handbooks, 2020.

¥ ARTEAGA, Jacob V., GRAVINI-DONADO, Marbel, ZANELLO RIVA, Lorenzo. Digital Technologies for
Heritage Teaching: Trend Analysis in New Realities. In: Inzernational Journal of Emerging Technologies in Learning ((JET),
16(21), 2021, pp. 132-148

% STATHOPOULOU, Ellie K., WELPONER, Michele, REMONDINO, Fabio. Open-source image-based 3D re-
construction pipelines: Review, comparison, and evaluation. In: The International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, XLII-2/W17, 2019, pp. 331-338. CAROTTI, Gabriclla, PIEMONTE, Andrea.
Integration of laser scanning and photogrammetry in architecture survey. Open issue in Geomatics and attention to
details. In: PARENTE, Claudio, TROISI, Salvatore, VETTORE, Antonio (eds), R3 in Geomatics: Research, Results and
Review, Springer, 2020, pp. 170-185. BELTRAMINI, BALDISSINI, GATANI, GARAGNANI, Training Students...
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the monuments deviated from the conventional orthogonal geometries by introducing free-
form elements, floral motifs and figurative sculptures (Fig. 1). An analogue-to-digital approach
was adopted for documentation purposes. The initial documentation therefore included hand
measurements and freechand sketches on site, as well as photographic documentation using the
levelling rod to record the scale of each component. Field measurement required a high degree
of precision and attention to detail due to the complex geometries and intricate ornamentation.
Photographing to scale (using the levelling rod) was particularly helpful as CAD-based work
was carried out off-site. The attention to detail and overall fidelity of the documentation
was important, as the students’ work is often used as source material for planned renovation
and conservation work by local heritage authorities. Students used CAD tools supported by
intermediate hand measurement, photography and sketching. The final output included 2D
computer-generated drawings at 1:20 or 1:10 (metric) scale, including sectional drawings,
elevations and projections. The materials collected during the summer internship formed the
basis for the creation of virtual models during the following semester. The results of Study
One were then presented to the local community as part of an exhibition at the Museum of
the City of Lodz in January 2014

Study Two, conducted in collaboration
with the New Jersey Institute of Technology
(NJIT), USA, in May 2023, focused on the
“digital-to-interactive” concept. Data were
8 collected and 3D models created using pho-
¢ tography and photogrammetry software. The
project commenced with introductory lectures
that contextualised photogrammetry within
& the conceptual frameworks of digital heritage
§ and digital media arts, as well as practical ap-
plications, methods and tools. The students
| were introduced to a production pipeline that
Fig. 1: The scenery of the Old Cemetery in Lodz with focused on six key areas: (1) maintaining data
different types of gravestones. Source: Photo by B.M. integrity, (2) selecting appropriate environ-
Walezak, 2013. mental conditions (lighting), (3) photo capture

and 3D model creation strategies, (4) 3D mod-
el and texture editing, (5) photogrammetric model optimisation, and (6) visualisation strategies.
The study employed a cross-platform application, KIRI Engine, which is compatible with both
Android and iOS. The number of photographs used for the acquisition of each 3D model
ranged from 80 to 200. The application enabled the precise calibration of the photogrammetry
process, facilitating the addition or removal of photographs, the trimming of geometry, and
the optimisation of texture unwrap and geometry meshing parameters. Subsequently, the 3D
models were exported as .obj files, accompanied by associated texture (.jpg) and material (.mat)
files. Subsequently, the source models were optimised and retopologised in accordance with
the specifications of the intended visualisation platform. The retopologising was conducted
using the Blender software, which permitted the generation of models with varying degrees of
detail (number of faces) while maintaining the original texture mapping alignments. The results
included fully textured 3D models presented within WebGL interfaces (SketchFab), rendered
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images and narrative-based animations (SketchUp, 3D Studio Max), as well as interactive pre-
sentations based on Unity3D and Prezi.

Project description and results

The two discussed projects employed disparate methodologies, techniques and procedures.
Toillustrate, Study One employed individual subject observation, with the primary compositional
and spatial components sketched with hand-held measurements. The manual survey and
photographic documentation formed the basis for 2D line drawings, which were subsequently
developed into spatial digital models. In contrast, Study Two utilised a photographic process to
capture spatial geometry and texture maps. It operated exclusively within the digital pipeline for
model correction, optimisation and visualisation. The following sections provide further details
on the two case studies.

Study One (2013)

A combination of analogue and digital tools was employed, utilising traditional instruments
such as measuring tapes and levelling rods alongside contemporary digital equipment, including
laser rangefinders and still cameras (Fig. 2). The field measurements were then converted into
two-dimensional drawings comprising projections, sections and elevations using CAD software,
namely AutoCAD and ArchiCAD (Fig. 3).

Fig. 2: Measurement process. Source: Photo by B.M. Walczak, 2013.

66



Muzeoldgia a kultarne dedic¢stvo, 3/2025

Fig. 3: Measured drawings of gravestones made using CAD software. Source: Archive of the Department of
History of Architecture, Heritage Conservation and Urban Regeneration TUL, 2013.

In the second phase of the project, students were required to create 3D models of
gravestones using the documentation from the preceding phase. The models were created as
part of the 3D Digital Modelling Studio course using modelling software such as 3DStudioMax
and ArchiCAD. They were presented in two forms: as hidden line wireframes and as realistic
representations (see Fig. 4 and 5). The outputs placed greater emphasis on geometric qualities
(lines, points, shapes and forms) than on more evocative textural qualities, such as materiality
or form appearance revealed by lighting. Some students obtained the textures from the source
material, while others employed textures from software libraries that were consistent with the
original design intent. In both instances, the textures were tileable, with portions of the original
material extrapolated into an overall representation.

Fig. 4: Wireframe CAD 3D models of gravestones. Source: Archive of the Department of Digital Technologies
in Architecture and Urban Planning, TUL, 2013.
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Fig. 5: Realistic representations of gravestones using custom fextures. Source: Archive of the Department of
Digital Technologies in Architecture and Urban Planning, TUL, 2013.

The objective of Study One was to concentrate on the competencies necessary for the
documentation of existing historical artefacts (Phase 1) and the creation of precise digital
representations of their forms (Phase 2), thereby establishing a connection to Vasari’s concept
of imitazione. Additionally, students were encouraged to create visually appealing virtual models
of tombstones, with the objective of evoking the atmosphere of the cemetery.

An important aspect of the project was the presentation of the results in a museum
exhibition. From 2012 to 2014, the Museum of the City of Lodz undertook a project entitled
“Urbanowski’s Workshop. Family, Work, Creators”, which included a range of activities,
including research, the organisation of exhibitions and conferences, and the publication of a
commemorative volume. The project celebrated the legacy of the Urbanowski stonemasonry
firm and its contribution to the local heritage. The exhibition included a variety of exhibits,
including precise drawings of selected objects from the Old Cemetery in Lodz, made by the
students during Phase 1. The results of Phase 2 were presented by the students at a special
museum event entitled “Digital and Analogue Representation of Urbanowski’s Workshop
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Works”, which accompanied the exhibition. As a result, visitors were presented with a variety
of artefacts: hand drawings, computer printouts and virtual reconstructions, allowing them to
view the objects from different angles and to study and analyse the details (Fig. 6). In addition,
students gave oral presentations on their work during the special event, giving participants an
additional insight into different aspects of heritage documentation. The use of diverse forms
of heritage communication was an important added value, enriching the users’ experience
immensely.

Fig. 6: A section of the museum exhibition with the
interactive 3D model. Source: Photo by B.M. Walczak,
~ 2013.

Study Two (2023)

As part of this project, a group of students conducted a further study of the same 12
gravestones that were the subject of the inventory carried out during Study One. Furthermore,
the list of objects to be studied was expanded to encompass additional historical objects on the
university campus, as well as artefacts sourced from the Lapidarium of Architectural Elements
managed by the Lodz City Council. The latter represents an intriguing case of the redefinition
and reinterpretation of the concept of the lapidarium, whereby the range of objects on display
has been expanded to encompass all relics of historical construction, extending beyond stone
to encompass stucco, ceramics, metal and even wood (Fig. 7).

The students produced a series of images for each assigned heritage object, taking into
account the impact of different lighting conditions in order to identify the most suitable settings
for each site. Given the automated nature of the photo-to-model process, the scanning of
multiple gravestones and other assigned objects was completed by each team in a relatively short
time frame, with the process taking between three and four hours. Similarly, the pre-processing,
cropping and uploading of the models to the SketchFab platform required approximately an
hour. The photogrammetric models captured were relatively lightweight, with face counts
ranging from 24,000 to 320,000. The iterative processes common in design disciplines were
not employed in the editing and optimisation of the geometry, nor in the presentation of the
results. This reduced the reflection on visualisation.

As previously stated, the objects to be scanned exhibited a considerable range of
characteristics, encompassing a diverse array of scales and types. The number of photographs
required for scanning varied depending on the level of detail and complexity of form. In
some cases, up to 200 photographs were needed to capture the necessary detail. Given that
all scanning was conducted using handheld equipment, smaller structures were the primary
focus. The photogrammetry process proved particularly effective on gravestones with soft and
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dynamic shapes (Fig. 8) in comparison to traditional methods and those employed in Study

A

One (“analogue-to-digital”).

Fig. 7: The Lapidarium of Architectural Elements at the Lodz City Conncil: introductory exhibition (lef?); mﬂ'@/ 0}
object types (centre); warehouse-style presentation of objects (right). Source: Photo by A. Zarzycki, 2023.

X

Fig. 8: The close-up of one of the gravestones shows the level of detail and texture (left), the shaded model shows the
quality of the surfaces (centre), and the wireframe model shows the density of the triangular mesh (right).
Source: Assemblage by A. Zarzycki based on student work, 2023.

significant aspect of this exercise was the provision of heritage documentation, which

facilitated structured user interactions that reinforced learning through the presentation of
information at varying levels of detail and through the use of storytelling, The students were
required to reconsider the conventional methods of presenting historical information as a
visual narrative that encourages questioning and the generation of new interpretations. The
study vielded three principal strategies:

D

2)

The positioning of scanned architectural details (elements) within an encompassing
hidden line wireframe of the building or object. While the photogrammetric scans
provided a high level of detail and accurate representation of the materials used, the
conceptual massing model demonstrated the spatial relationships and comparative scale
between individual components and the overall structure. Some students employed this
approach as a fly-by animation utilising a 3D model, whereas others collaged 3D scans
with 2D drawings, either in elevation or perspective (Fig. 9). This method facilitated the
direction of the viewer’s gaze and focused attention on selected components.

Interactive, Prezi and WebGL-based presentations that allowed users to control their
own experience. The presentations were structured as a series of nested geometries
(analogous to the concept of the nested matryoshka doll), commencing with an overview
of the artefact and subsequently unpacking different scales, elements and details through
mouse clicks (Fig. 10). The pragmatic advantage of this approach is that it constrains
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the size and complexity of individual geometric models, thereby enhancing visualisation
quality and reducing loading time.

3) The development of a Unity3D-based interactive game environment, which served as a
spatial collage of individual gravestones. The presentation concentrated on the isolation
and collaging of monuments into a distinctive spatial composition that facilitated the
conveyance of a specific narrative (Fig. 11). In terms of conceptualisation, the project
shared certain characteristics with the aforementioned presentation styles. These included
the incorporation of interactivity and user choice in content interactions, as well as the
establishment of relationships between different objects. However, in contrast to the
aforementioned style (1), the relationships were not representative of actual buildings
or structures. Instead, they were a compositional juxtaposition akin to the conventional

‘analytique”' drawing projected into 3D space.

3

nineteenth-century

It is a Neo-Renaissance element crowning
ihe window portal of the buiding inspired by
mofifs used in ancient Greek and Roman
architecture.

Neo-Renaissance decorative
element in the form of
duplicated bellshaped flowers
with gradually decraasing cups |

Fig. 9: A 2D collage of 3D scanned objects from the lapidarium superimposed over a 2D drawing which illustrates
the overall organisation of the wall assembly. Source: Archive of the Department of Digital Technologies in
Architecture and Urban Planning, TUL, 2023.

Fig. 10: Hierarchically structured Prezi presentation showing the landing page (left) the first level page dedicated
individual tombs (top right), and the second level page showing specific information (bottom right).

Source: Archive of the Department of Digital Technologies in Architecture and Urban
Planning, TUL, 2023.

2'The “analytique” brings together a variety of scales and perspectives, which are presented in a single drawing. This
drawing may take the form of a site plan, often situated in the shadows of a doorway or window, or it may consist of
fragments of plans and sections, elevations set in a landscape, or ornamental details. The suggestive yet fragmentary
construction evokes the entirety of an architectural project.
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Fig. 11: The game engine-based (Unity3D) interactive environment provides the opportunity for individual exploration.
Source: Archive of the Department of Digital Technologies in Architecture and Urban Planning, TUL,
2023.

Observations and discussion

The observations of surveying and documentation processes of historical objects, both
analogue and digital, have yielded significant insights. The findings demonstrate the impact
of varying techniques on cognitive knowledge acquisition, as well as on presentation and
communication strategies.

The two studies (One and Two) had a common objective: to examine the potential of 3D
modelling and photogrammetry as digital tools for the documentation of historic sites, including
the incorporation of analytical and interpretative layers. The aim was to provide an alternative
to traditional surveying, documentation and visualisation techniques for historical heritage, and
to identify the new possibilities offered by emerging digital tools. These possibilities relate
to the ways in which visual information can be determined, thereby enabling new forms of
investigation and knowledge development of historical artefacts.

This is particularly important since computational tools are designed to automate certain
processes, such as pre-emptive configurations and performance optimisations. While these
features simplify the process, they may also limit the sophistication and fine-tuning capabilities
of the tool. This is exemplified by the tool utilized for this coursework, which facilitated the
process of image capture and geometry creation through the capacity to retrace steps and
recalculate/reconstruct geometries and/or update photographic datasets. Furthermore, the
selection of a mobile phone application as the platform contributed to the transparency of the
development process and its perceived simplicity. The process of experimentation, observation
and reflection could be mapped to the very act of photogrammetric scanning, the selection
of adequate lighting and environmental conditions and an eatly evaluation of a photographic
set used for the 3D model. In this phase, students were afforded the opportunity to create
an instant 3D scan, evaluate it while still on site and, if necessary, redo the original scan. This
process was partially streamlined by the instructors’ suggestion of developing multiple scans,
often at varying lighting conditions, for comparative analysis and selection. The observation
and reflection phase, and to some extent the experimentation phase, occurred during the off-
site phase when students were processing 3D scans in geometry and texture editing software,
such as Adobe Substance 3D Painter. This phase was also associated with the transition to the
“formulation of abstract concepts and generalisations” stage, as the immediate context of
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the scanned monument was trimmed and organised. However, the majority of the concept
abstraction and generalisations were executed in the aforementioned visualisation phase.

In the case of Study One, the initial sketching with dimension rationalisation and abstracting
of the overall form of a gravestone already incorporated the “observation and reflection” stage.
The nature of the process compelled students to engage in continuous reflection. Verification
was required at each stage of the process in order to progress with the survey. The methodology
was therefore based on constant observation, comparison of measured data, checking the
accuracy of geometry and correction. Furthermore, given that the survey technique was based
on analogue methods, there was a need for the abstraction of complex details at an eatly
stage. While the freehand sketching process was relatively straightforward, the same could not
be said for the technical drawing. The same interference between the experimentation and
observation and reflection phases occurred when students were asked to create 3D computer
models from hand-made sketches and 2D documentation. Due to the characteristics of the
measured objects, an interpretative approach was necessary.

During Study Two, students exhibited a willingness to engage with the photogrammetry
tools, driven by the quality of the technology and the immediate gratification it provided. The
quality of the output produced by photogrammetry tools was perceived by students to exceed
the typical standards associated with 3D modelling and digital geometry. This resulted in a lack
of questioning of the outputs and a lack of pursuit of further refinements. Only a small number
of students engaged in critical reflection on the initial scans, initiating their own refinements
or recapture. This confidence in the toolset, or perhaps intimidation at interfering with the
“complete” model, continued in the subsequent phase of work, in which students were asked
to refine the geometry, its complexity and materiality. The preference for redoing the initial scan
rather than re-editing it in other software was partially a result of the uneven familiarity with
the various software tools that were necessary for an effective pipeline. However, there was also
a sense of a complex and complete model that discouraged additional editorial interferences.

A significant reliance on the toolsets, coupled with a diminished level of scepticism —
whereby users question the reliability of technology outputs — may be indicative of a broader
phenomenon characterised by unquestioning trust in technology. This phenomenon is also
known as the automation bias or automation complacency. In this state, technology frequently
functions as a crutch or an autopilot, rather than as an empowering tool that facilitates
qualitatively new opportunities. From a broader cultural perspective, the objective is to utilise
technology to reallocate human effort towards more creative and meaningful tasks, rather than
reducing the time or intensity of engagement.

However, when the 3D models were developed for the “analogue-to-digital” Study One,
students employed a conventional approach, utilising the concept of “creative licence” to
isolate the depicted object and select which surrounding elements were incorporated into the
final documentation drawings. It would appear that an encapsulation of the photogrammetry
process prevented students from interfering with the procedure.

A significant difference between the documentation process in Study One and Study Two
is the extent to which interpretative versus replication work can be carried out. This distinction
also extends to the question of whether the documentation work should be regarded as the
primary or secondary data source. In the case of the initial project, a direct observation and

2 PARASURAMAN, Raja, MANZEY, Dietrich H. Complacency and bias in human use of automation: An atten-
tional integration. In: Human factors, 52(3), 2010, pp. 381-410.
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measurement method was employed to develop the drawings. This approach is inherently
interpretive, as the act of drawing is inherently selective in its abstraction of reality. Similarly,
measurements taken on-site and subsequently translated into scaled drawings are taken selectively,
with the assumption of orthogonal and parallel lines. In the analogue interpretative process,
discrepancies in dimensions or out-of-line placement are often resolved through rationalisation
and conformance, resulting in more “consistent” and “clear” representations. This distinction
between primary and secondary sources aligns well with the dichotomy proposed by Vasari
between imitazione (documentation) and znvengione (interpretation), and its implications for the
creative use of these tools.

Furthermore, in Study One, the synthetic and interpretative thinking was executed at
various time points. Initially, the data was recorded through hand measurement, which
involved a smaller number of measurements/data points. (2) The sketches were based on a
specific geometric logic and visual patterns, such as the expectation of a right angle. (3) 3D
modelling constituted an additional threshold for the abstraction of geometries, whereby key
compositional and visual components were identified. This illustrated a multi-level abstraction
process, characterised by an increase in synthetic, interpretative and abstract thinking. In these
processes, a geometric representation was given precedence over the material aspects of the
depicted artefacts. Textures were approximated from the material libraries or, on occasion,
photographed, with the local texture extrapolated over the entire 3D model. This reflected the
state of technology at the time.

In the photogrammetry-driven approach (Study Two), a 3D geometry was created based on
the point cloud derived from photographs. The process was stochastic and privileged edges,
but generally, a random distribution of points was utilised. Although the method yielded high-
definition geometries, the stochastic nature of the process meant that points placed along
straight lines may not appear fully collinear. Nevertheless, the overall process resulted in the
capture of high-fidelity geometries with accompanying textural information. In this case, the
process can be considered less of an interpretive medium (drawing) and more documentary,
akin to a photograph. This naturally gives rise to the question of the primary and secondary
data sources.

A significant aspect of Study Two was its comprehensive approach to the materiality of the
examined artefacts. The utilisation of photogrammetric technology facilitated an investigation
into the environmental and chromatic characteristics, thereby elucidating the influence of
lighting conditions and seasonal variations on the perception of the object. In addition to this,
the analysis encompassed a more objective assessment of the material and textural attributes.

Traditional heritage documentation, frequently associated with an “analytique” drawing
style that originated in the nineteenth century, represents a secondary data source. This is
because the documentation contains a layer of interpretive observation of the original artefact.
The advent of digital 3D scanning technologies (photogrammetry) has transformed these
documentations into primary data sources, preserving the original artefact ‘s high level of
authenticity with minimal filtration by the documentation creator. While unfiltered primary
sources are beneficial and essential for researchers, in the context of museum education and
content dissemination more broadly, interpretive and synthetic layers are crucial as they extend
documentation to narrative and projective territories. For this reason, Study Two emphasised
the use of previously discussed presentation techniques in the context of photogrammetric
scanning to introduce interpretive and synthetic thinking. Furthermore, it can be observed
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that digital photogrammetry allows for a reduction in the time required for form re-creation
and an increase in the time/opportunity for the interpretive aspects of digital heritage, as
compared with Study One. This is also in line with the outcomes of a similar comparative study
conducted for surveys of Zuniga in Chile.”?

Finally, Study Two comprised a survey of students regarding the content and outcomes
of the project. The majority of the comments were characterised by a high level of positivity
and enthusiasm. A number of respondents highlighted the value of digital photogrammetry
skills in professional contexts, emphasising the simplicity of scanning and processing the scan
into a 3D model. In response to the question regarding the future of photogrammetry and its
potential applications, the participants indicated that there has been a notable increase in the
protection and conservation of monuments, including the development of virtual museums.
Furthermore, there was a consensus among the participants that this technology will continue
to advance and gain popularity. The opinions expressed by students in the aforementioned
survey are part of a broader civilisational and cultural transformation. Contemporary culture
is characterised by a visual orientation, whereby images have become a primary means of
conveying information, superseding the role of language. The phrase “a picture is worth a
thousand words”, first articulated over a century ago, has become a pervasive epithet for the
contemporary era.

It is also worth emphasising that this is not a closed project. The utilisation of mobile
photogrammetry during Study Two, as previously discussed, garnered considerable interest,
prompting another cohort of students to employ the recently acquired technique to create
models of selected architectural elements, which were subsequently 3D printed. The results
were presented to the public at the exhibition entitled “R3DEFINE”, which was held as
part of the Lodz Design Festival in May 2024 (Fig. 12). The exhibition comprised a series of
3D-printed artefacts and associated presentation boards, which highlighted several potential
applications of photogrammetry and 3D printing in heritage conservation and museology.
These included the possibility of scanning objects and using the resulting models as a
replacement for disassembled elements, as well as the redesigning of existing elements using
3D printing techniques. Another area of potential application was in making exhibits accessible
for visually impaired members of society. In response to this issue, the exhibition included
tactile exhibits and descriptions in Braille. In fact, all visitors were invited to touch the models
on display, giving the exhibition a multi-sensory character. In addition, the artefacts on display
represented fragments of the furnishings and decor of a historic mansion that are often out
of sight of visitors. The use of photogrammetry and 3D printing therefore made the heritage
more accessible. The curators’ observations showed that the engaging nature of the exhibition
attracted a great deal of interest from visitors of all ages.

# DEVILAT, Bernadette. Recording of heritage buildings: from measured drawing to 3D laser scanning. In: AL-
LEN, Laura, et al. (eds), Drawing futures. Speculations in contemporary drawing for art and architecture. .ondon: UCL Press,
2016, pp. 236—240.

2 BRISBANE, Arthur, Speakers Give Sound Advice. In: Syracuse Post Standard, Mar 28., 1911, p. 18.
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Fig. 12: The exchibition at the Lodg Design Festival: overall view with 3D-scanned and 3D-printed historic objects (left);
close-up of ome of the exchibits (centre); an object optimised for tactile engagement and accompanied by a description in

Braille (right). Source: photos by B.M. Walczak, 2024.

Conclusions

The examination of two studies utilising 3D modelling and photogrammetry for heritage
conservation yielded insights and challenges from a number of different perspectives. Firstly,
the utilisation of nascent digital tools afforded students the chance to engage with historic
artefacts in novel ways, thereby challenging the status quo of conventional approaches to
heritage documentation and visualisation. However, this gave rise to the question of the
increasing automation of digital tools. While these technologies facilitated processes and
yvielded impressive results, there was a tendency among students to accept the outputs without
critical reflection. This could result in a potential automation bias or automation complacency,
leading to a reduction in scrutiny of outcomes and a decline in interpretative skills, which are
integral to the needs of the cultural heritage and museology domain. This, in turn, highlighted
the necessity for a balance between embracing technology and encouraging critical engagement
in order to harness its full potential for creative visualisations and storytelling, It is essential to
ensure that the technological “hows” and “whys” are properly apportioned and reinforce each
other’s role. Similarly, it is vital to maintain a distinction and balance between the interpretative
(invengione) and the documentation (imitazione) aspects of work in delineation processes. Finally,
while digital tools present opportunities to preserve the authenticity of historical heritage
and serve as primary data sources for future research, cultural and educational applications
necessitate a conscious integration of interpretative and synthetic layers to provide broader
societal impact and dissemination.

It is also noteworthy that 3D objects can now be obtained from digital models with
remarkable ease and speed. This creates new opportunities for the presentation of heritage.
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In many instances, the original artefacts are too fragile, too valuable or otherwise difficult to
make widely available. This issue can now be addressed through the use of digital replicas and
their 3D prints. Digital replicas can serve as the foundation for virtual collections that can be
accessed via the Internet. Furthermore, digital products can be created based on these models,
targeting different audiences and offering new ways of engaging with heritage. 3D-printed
replicas increase accessibility and create opportunities for multisensory experiences of heritage,
which is of fundamental importance for people with various disabilities, as demonstrated
by the students’ exhibition during the Lodz Design Festival. There are already professional
undertakings of this kind, with one of the most spectacular examples being the replica of
Lascaux in France. In this context, however, it should be recalled once again that, despite the
advantages and disadvantages, open mobile technologies are much more accessible due to their
cost, allowing the replacement of expensive hardware and software with smartphones and
mobile applications, which are now commonplace. Thus, the promotion of such solutions
allows the spread of digital technologies and their application for noble purposes such as
documentation and promotion of cultural heritage, among others.
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