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#photogrammetry

#architectural documentation

#3D model optimisation 

#UV mapping

#physically based rendering

Photogrammetry, the process of producing detailed 3D 

models using photographs, is an indispensable tool in her-

itage conservation and construction due to its capacity for 

documentation. It can benefit professionals across various 

fields of design and computation to efficiently generate 

digital renditions that can be used for documentation, 

dissemination, education and entertainment. This paper 

describes a feasible and cost-effective workflow for creat-

ing and processing high-quality photogrammetry-based 

models and a series of workshops that introduce architec-

ture students and researchers to it. The proposed frame-

work strives to document objects and spatial elements by 

streamlining the terrestrial photogrammetry process in 

the face of modern challenges, focusing on the necessity of 

model optimisation for the longevity of documentation. In 

this spirit, the workshop seeks to empower participants to 

actively engage in the preservation of cultural heritage.
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Introduction

Photogrammetry, a method for quickly and relia-
bly generating detailed 3D models using only pho-
tographs, is a vital tool in heritage conservation. 
Photogrammetric documentation can precede 
singular restoration projects and contribute to the 
efficient generation of data/model repositories. 
The widespread availability of digital cameras 
and user-friendly software with automated 
workflows enables individuals with varying 
levels of expertise and resources to generate 
three-dimensional models using photogrammetry 
(Sapirstein 2014). The method is also flexible and 
efficient in capturing colour and texture (Pepe et 
al. 2017) to provide realistic outputs (Baskar et al. 
2023). However, the resulting models consume 
significant digital storage space and require 
processing to reduce their size and increase their 
operability (Figure 1). The heritage field draws on 
optimisation methods developed for game design 
and virtual reality applications to resolve these 
issues. Optimisation improves efficiency, which in 
turn further promotes the use of photogrammetry 
for documentation. These issues, and the opti-
misation necessary to resolve them, have been 
essential for game-design applications, in which 
developments such as level of detail and mesh-
map baking (e.g. normal map and height map) 
are employed to balance computational efficiency 
with visual fidelity (Ferdani et al. 2020). As a result, 
it is essential to create and disseminate a frame-
work for photogrammetry that encompasses the 
basics of heritage documentation, as well as data 
processing and optimisation, to encourage greater 
numbers of professionals to use this technique 
(Figure 2). 

In this research, we define a framework for 
employing photogrammetry to meet the urgent 
need for architectural documentation and to cre-
ate resilient archives of built heritage against the 
complex challenges of our time. The workshop 
series emphasises the importance of proactive 

preservation strategies while discussing the basics 
of photogrammetry-based 3D modelling in a user-
friendly and efficient workflow. This workflow is 
designed to be applicable across various scales 
to encourage users to actively engage in the 
documentation of visually accessible surfaces. Fol-
lowing the fundamental photogrammetry-based 
modelling workflow, from photographing objects 
to optimising models, we define steps to generate 
efficient and sustainable models and discuss the 
implications for application and dissemination. 
The models have the potential to store important 
information on the built environment, and optimi-
sation increases their performance and usability 
across various platforms to maximise the dissem-
ination potential of the models and the resulting 
archives. Once optimised, digital representations 
can also be imported into game engines, allowing 
for immersive experiences through virtual reality 
and augmented reality. This technology facilitates 
the creation of virtual museums and serious 
games that display physical artefacts and convey 
comprehensive information about cultural herit-
age, blending archiving with dissemination.

Objectives

1.	 Outline the need for architectural 
documentation and the importance of 
accessible methods.

2.	 Develop a comprehensive understand-
ing of the basics of photogramme-
try-based 3D modelling. 

3.	 Explore methods to optimise photo-
grammetry-based models.

4.	 Explore the potential applications and 
utilisation of collected data for further 
analysis and preservation efforts.

5.	 Engage in discussions on ethical 
considerations in architectural docu-
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mentation, including obtaining consent, 
data management practices, ownership 
and authorship of models and cultural 
sensitivities.

Workshop Series’ Structure

To meet these objectives and empower profession-
als to use photogrammetry widely, we designed 
a workshop series to provide insights throughout 
a typical photogrammetric workflow. These are 
first framed through a series of theoretical pres-
entations and then demonstrated through guided, 
hands-on practice. The presentations begin with 
the introduction of conceptual information about 
terrestrial photogrammetry-based modelling, its 
stages and its most commonly used tools. They 
continue with a discussion of the suitability of 
various surfaces for photogrammetry applications. 
Subsequently, there is a theoretical presentation of 
photography techniques for objects, surfaces and 
buildings that are optimal for modelling. The final 
stage of the theoretical portion is an explanation 
of the minimum requirements for digital phones 
and DSLR cameras used in photogrammetry 
applications, as well as camera settings (aperture, 
shutter speed and ISO) to optimise the photo set 
(white balance, base curve and colour calibration) 
in Darktable. 

In the practical portion, the participants model 
small objects as examples (Figure 4). Photogram-
metry typically involves several key steps: camera 
calibration, image acquisition, image preprocess-
ing, alignment in sparse point clouds, the building 
of dense point clouds, three-dimensional mesh 
generation and texture map generation. The par-
ticipants collect data using a DSLR camera, Gretag-
Macbeth ColorChecker and a polarising filter. Then, 
they create a model using Agisoft Metashape. The 
presenters provide information on handling the 
source model’s topology optimisation (retopology) 
in ZBrush, resulting in a representative model. 

The represented model with a regulated UV map 
provides surfaces to ‘bake’ the mesh-map data of 
the source model using Adobe Substance Designer. 
Presentations regarding key points and concerns 
for heritage documentation and the introduction of 
neural network applications with photogramme-
try-based digital models support the discussions 
through workshops. This comprehensive structure 
covers fundamental information for professionals 
from either a computational or heritage back-
ground, encouraging various disciplines to engage 
in digital documentation. 

Workshops

Workshops 1 and 2: Photogrammetry 
and Augmented Reality

In the context of converting cultural heritage assets 
into 3D digital models and then into augmented 
reality experiences for mobile devices by perform-
ing topology optimisation, we held two local work-
shops: one at Istanbul University’s Department of 
Architecture and the other at Sakarya University’s 
Department of Landscape Architecture (Figure 
3). The main purpose of these workshops was to 
provide architecture and landscape architecture 
students with basic skills in photogrammetry, 
increase awareness regarding cultural heritage 
documentation and encourage the preparation of 
digital models for virtual museums and educa-
tional games using AR models (Video 1, Figure 4).

Workshop 3: Resilient Heritage: 
Exploring Photogrammetry for 
Documentation and Preservation

This international workshop was held at Singapore 
University of Technology and Design as part of the 
‘Utilising UV-Mapping for the 3D-Point Cloud Seg-
mentation of Architectural Heritage’ study, which 
was presented at the CAADRIA 2024 symposium 
(Uzun et al. 2024).
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The workshop aimed to inform computational 
specialists about built-heritage considerations and 
to encourage the use of more particular optimisa-
tion methods. During the practical component, the 
participants transferred the base colour map and 
height map textures of digital models obtained 
from heritage works to a representative model 
with a regular UV map (Video 2). 

Conclusion

The primary objective of the workshop series is 
to encourage participants to take an active part in 
documenting and disseminating cultural heritage 
by familiarising them with photogrammetry-based 
modelling and model optimisation. We aim to help 
participants gain confidence in documenting their 
environment, sharing their models and applying 
the workshop techniques to their projects. While 
demonstrating with selected software, we also 
discuss the underlying logic behind the workflow 
and provide alternatives. We have found across the 
workshops that our workflow is highly adaptable 
with regard to the target audience and time availa-
bility. In all the workshops, the participants attain a 
basic grasp of photogrammetric modelling and opti-
misation where they have none before. The feed-
back from participants has been overwhelmingly 
positive, leading to valuable knowledge-sharing 
sessions and potential collaborations in the future.
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Figure 1. Example output from the workshops: High-poly model 

polycount: 44338 (this page). Low-poly model count: 2594 (next page). 

Source: Authors.
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Documentation
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Low LOD
High real- time performance
Low polygon count
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Small file size
Optimized for interaction
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Balanced real- time performance
Moderate polygon count
Uses High- res textures
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Balanced realism & performance
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Max polygon count
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Largest file size
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Science & restoration use

Figure 2. Digital model optimisation workflow for different applications. 

Source: Authors.
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Figure 3. Photographs from the workshops: Temporary documentation setup. 

Source: Authors.

Fatih Uzun, Sevgi Altun, Sena Kayasü, Berkay Öztürk & Mine Özkar  . Exploring Photogrammetry for Documentation and Conservation



41  | C U B I C  J O U R N A L  . N o . 8 .  S c r i p t i n g  ·  S e n s i n g  ·  I n t e r a c t i n g

Figure 4. Alternative reality–based visualisation of architectural 

elements in a physical space. Source: Authors.

V i d e o  1 : Wo r k s h o p s  1  a n d  2 : 

Photogrammetry and Augmented 

Reality. Source: Authors.

Video 2: Resilient Heritage: Exploring 

Photogrammetry for Documentation 

and Preservation. Source: Authors.
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