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Abstract

The rapid urbanization and technological advancements in the United Arab Emirates (UAE)
have placed its modern architectural heritage from the 1970s and 1980s at increasing risk
of being unrecognized and lost, particularly in Dubai following the discovery of oil. This
research addresses the critical need for the documentation and heritage representation
of Dubai’s modern heritage, a city undergoing rapid transformation within a globalized
urban landscape. Focusing on the Nasser Rashid Lootah Building (Toyota Building), an
iconic early 1970s residential high-rise representing the modern architecture of Dubai and
a significant milestone in its architectural history, this study explores a replicable and
cost-effective approach to digitally document and conserve urban heritage under threat.
The existing building was meticulously documented and analyzed to highlight its enduring
value within the fast-changing urban fabric. Through the innovative combination of drone
photography, ground-based photography, and HBIM, a high-resolution 3D model and
a semantically organized HBIM prototype were generated. This research demonstrates
a replicable measure for identifying architectural values, understanding modernist de-
sign typologies, and raising local community awareness about Dubai’s modern heritage.
Ultimately, this study contributes toward developing recognition criteria and guiding
efforts in documenting modern high-rise buildings as vital heritage worthy of recognition,
documentation, and future conservation in the UAE.

Keywords: modern heritage; digital documentation; preservation; HBIM; Dubai

1. Introduction

Before oil discovery in Dubai in 1966, the majority of Dubai’s inhabitants lived in
Bedouin communities, engaged in cultivation of dates, breeding camels and goats, and
other activities. In the late 1950s, mud brick and coral stone were replaced by modernist
housing designs and materials [1]. With the discovery of oil, there was an opportunity to
transform what had been for centuries a quiet corner of the Arab world, with a population
of only 86,000, into a more modern city of about 3.7 million people in 2024. After the sharp
rise in oil prices in 1973, the country developed rapidly. This changed Dubai into a city
that is full of luxury hotels, shopping malls, and skyscrapers as well as residential high-
rise buildings. Dubai continues its fast growth and development until today. Currently,
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a number of buildings constructed in the 1970s and 1980s in Dubai have already been
demolished or significantly altered, with others facing imminent risk due to redevelopment
pressures and lack of valuation. Dubai City ought to have a fluid architectural tradition,
undergo continuous change, and possess transformative identities. Current developments
place enormous pressure on Dubai’s current modern buildings, often to the extent of
compromised solutions—such as partial transformation or adaptive reuse—that retain
the building but transform its original character. Demolition is always a looming threat.
Nevertheless, recent initiatives of the Dubai Municipality and UAE Ministry of Culture
reveal an increased institutional interest in identifying and conserving modern architectural
heritage. Though the legal standing of such buildings as safeguarded landmarks remains
ambiguous, initiatives like the “Modern Heritage Sites and Buildings” registry signifies
an important move toward official acknowledgment and possible preservation of such
buildings [2]. Documentation of existing modern buildings is urgently needed to help
preserve history and built heritage [3]. Digital documentation can provide accurate and
detailed records of these buildings [4] and can be implemented in education by integrating
architectural photogrammetry techniques in teaching digital architectural heritage [5]. An
additional way to use documentation is to bridge the gap between cultural heritage and
society, including young people [6], for example for cultural dissemination through open
data sources in the form of digital museums or websites [7,8].

Despite this potential, the recognition and protection of modern heritage in Dubai
remains limited. Dubai Municipality and the UAE Ministry of Culture have started listing
buildings, looking at two building phases: 1960-1990, which is seen as more historically
significant, and post-1990, reflecting new cultural and architectural values. This frame-
work is clear, but legal protection and enforcement mechanisms are still underdeveloped.
Many of the city’s early high-rise buildings—architectural witnesses to the first wave of
modernism—are still overlooked. This paper addresses that gap by exploring how digital
documentation, specifically effective cost photogrammetry, can contribute to recognition
and preserving unprotected modern heritage in a rapidly transforming urban environment.

By its longstanding presence on Sheikh Zayed Road, its slang name based on the
famous rooftop “Toyota” sign, and its status as one of the city’s first residential towers
during the post-oil modernization era, this paper examines how the Toyota Building adds
to the collective memory of Dubai. The Toyota Building, also officially the Nasser Rashid
Lootah Building, was finished in 1974, merely three years after the United Arab Emirates
came into being. It was built by Nasser Lootah Real Estate, as attested by documents
pertaining to urban property. Although there are no unequivocally documented records
identifying the architect, its appearance is an example of the rectilinear and functionalist
architectural style common in early 1970s Dubai—an era of frenzied modernization in the
aftermath of the oil boom. Built originally as a 15-story apartment block with commercial
shops on the ground floor, it continues to be so today. Although the area, formerly known
as Defense Roundabout, has been extensively remapped into the busy Sheikh Zayed Road
freeway interchange, the building itself is still quite intact, still standing in its original form
and function. This research focuses on the iconic exterior of the building to understand
how existing buildings are dealt with in view of modernization in this city in a time of
rapid economic and social change. The Toyota building zone is shown in Figure 1.
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Figure 1. Toyota Building Zone (source: author adapted from Internet resource: pinterest.com).

This study employs three related research questions: in the context of fast-developing
cities such as Dubai, how can cost effective digital documentation support the recognition
and preservation of unprotected modern heritage; what are the operational benefits and
constraints for employing both drone and land-based photogrammetry when document-
ing contemporary high-rise structures in complex urban settings; and how can digital
documentation techniques help to raise public and institutional awareness of Dubai’s
endangered modern architectural heritage? This research aims to contribute to the emerg-
ing body of work that addresses the disconnection between the availability of advanced
digital tools and their limited application to modern architecture, particularly in buildings
that have not yet been formally recognized as heritage. The Toyota Building was chosen
as a case study for this research as one of the representative examples of early modern
architecture in Dubai. The modern features of the building are mostly recognizable in its
exterior, namely in the use of exposed concrete, geometric fagade articulation, repetitive
window patterns, and the overall verticality that reflects modernist principles adapted to
the Gulf context. Completed in 1974, the Toyota Building is part of the first generation of
Dubai high-rises. It was built in the middle of the desert in the area that was known later
as “Defense Roundabout”. Since Dubai quickly developed around it, the Toyota Building is
now situated in the center of the city, with a strategic location on Sheikh Zayed Road. The
typical roundabout was replaced by a spaghetti junction, as shown in Figure 2, indicating
the massive transformation of the city.
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Figure 2. Toyota Building “Defense Roundabout”—1974 (left) (Image credit: NRL Group), Toyota
Building in Shaikh Zayed Road—2021 (right), © Author(s).

The massive concrete residential block has 15 stories with only small windows, de-
signed to withstand the heat. The building’s color was changed from white to sandy in
2017, and in 2018, the flashing neon Toyota sign was removed after the advertising contract
ended. A new sign was installed, replacing the one that had defined the building’s identity
for decades, as shown in Figure 3. The various stages of the Toyota Building’s exterior
transformation over time are summarized in Figure 4. Looking at the scene of Dubai, the
Toyota Building is still struggling to survive, and its size seems to dwindle among the
skyscrapers that loom in Dubai’s skyline. The ongoing evolution in its urban context and
cultural associations renders the Toyota Building a pertinent topic for the examination of
challenges and possibilities concerning the digital documentation of unprotected heritage.
In this study, the term modern heritage refers broadly to buildings and urban elements of
cultural, architectural, or historical significance from the post-oil era, particularly those not
yet formally listed or protected, but increasingly recognized for their role in shaping collec-
tive memory and urban identity. More specifically, modern architectural heritage is used
throughout this article to emphasize the design and architectural value of structures built
between the 1960s and 1980s. While these indicate growing recognition of the country’s
modern heritage, most listed buildings still lack formal legal protection. To our knowledge,
as of 2024, no modern building in the UAE has yet received a binding conservation status
under national heritage law.

Figure 3. The current state of the Toyota Building—2021, © author(s).
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Figure 4. The Toyota Building’s transformation timeline, © author(s).

2. Background and Literature Review

To address the central research question of utilizing digital technologies for supporting
the identification and digital recording of unprotected modern heritage in Dubai. The term
“low-cost” in this research includes something beyond cost savings—it is the confluence of
accessibility, low technical burden, reduced labor, and high replicability. Unlike the LIDAR
or TLS methods, which require costly hardware, trained operators, and limited access to
sites, this procedure utilizes readily available tools such as DJI drones and DSLR cameras
and off-the-shelf software. This setup slashes the personnel required and the on-site time
significantly—crucial advantages in high-density cities like Sheikh Zayed Road, where
logistical and regulatory complexities make large-scale equipment untenable. In a rapidly
evolving urban setting such as Dubai, where modern buildings are often modified or
destroyed without their historical significance being evaluated first, readily available tools
such as drone-based photogrammetry and ground photography represent a feasible way
to document threatened high-rise buildings prior to their alteration. The documentation
urgency, coupled with restricted site access and other regulatory restrictions, renders these
tools especially suitable for this context.

2.1. Overview of Heritage Documentation Techniques

Documenting buildings with cultural significance can be accomplished by a variety of
methods. The selection of a specific method for documenting (heritage) buildings varies
from one case to another [9]. Architectural drawings, images, and photos were considered
suitable for documenting the physical conditions of selected historic houses in the Old Town
area of Ras Al Khaimah [10]. Modern photogrammetric methods, including terrestrial laser
scanning (TLS) photogrammetry [11,12] and light detection and ranging (LiDAR) [13] have
become important tools in the investigation and restoration of historic objects, buildings,
and sites. Recent advancements also explore the integration of photogrammetry-derived
models into HBIM platforms, enabling parametric modeling and long-term digital asset
management [14].

Documentation entails the systematic collection and archiving of records about her-
itage assets in order to preserve them [15]. Digital documentation is a vital element in
a comprehensive strategy to protect cultural heritage. A systematic data collection and
registration process that identifies the history of a building, its architectural attributes, and
the current state of preservation as well as any alterations that may have occurred through-
out its lifetime are essential to its sustainable management and conservation [16]. Remote
sensing techniques, along with traditional archaeological research and prospection meth-
ods, are used to collect data that can be made available online. Several authors discussed
and analyzed documentation techniques for modern heritage buildings, addressing their
potential and constraints [17-19]. According to Yang et al. [20], the digital documentation
of modern heritage involves modeling the geometry in 3D (most commonly using 3D com-
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puter graphics, photogrammetry, and laser scanning techniques) and managing semantic
knowledge (in the form of geographic information systems (GIS) and ontology tools). This
aligns with HBIM workflows that emphasize semantic enrichment and interdisciplinary
collaboration for conservation planning [21]. Digital photogrammetry can produce 3D
models from reconstructed point clouds and can also produce high-resolution textures [22].
Architectural heritage documentation requires extensive knowledge of the building history,
physical condition, and social, political, economic, and cultural issues related to the external
environment [23].

2.2. Integrating Semantic Data Through HBIM

There are several nonprofit organizations in the field of heritage documentation. DO-
COMOMO International, which has local working parties in over 80 regions and is probably
most known for its conservation and documentation efforts of modern buildings, neighbor-
hoods, and sites [24]. DOCOMOMO'’s and other nongovernmental organizations’ efforts,
as well as pioneering digital documentation studies, are needed since modern heritage con-
tinues to be under-recognized, under-protected, and heavily threatened with demolition,
especially in fast-developing cities. Their combined efforts are essential in acknowledg-
ing architectural value, raising awareness, and producing records that foster a sense of
permanence and continuity amid rapid urban transformation. HBIM has increasingly
been recognized as a key tool in these efforts—particularly for modern and contemporary
buildings, which often lack comprehensive as-built records due to their mass-produced
nature, standardized designs, or limited archival recording. While older historic buildings
may also suffer from documentation gaps, they often receive more attention through formal
conservation programs, whereas many modern structures remain unprotected, undocu-
mented, and at risk of alteration or demolition. Though most contemporary buildings
possess original schematics, the drawings are generally not available, out-of-date, or in-
complete when compared to the building in its current state. HBIM is increasingly seen
as a strategic tool for integrating semantic information, material history, and use layers in
addition to reconstructing geometry. This is especially helpful for modern architecture,
where buildings are more likely to be reused, adapted, or redeveloped, and heritage value is
frequently disputed. In such cases, a digital model is not only important for documentation
but also supports future planning, stakeholder coordination, and informed intervention
strategies [25]. In recent years, numerous researchers [26-30] have used different digital
technologies to document heritage in general and modern heritage buildings in particular.
These studies highlight the growing relevance of hybrid digital workflows, combinations of
photogrammetry, laser scanning, HBIM modeling, and GIS integration that prioritize that
combine accessibility, accuracy, and adaptability to diverse building types and contexts [31].
China’s built heritage, built environment, and cultural landscapes less than 50 years old
are analyzed for their current state of conservation and potential threats [30]. In Saudi
Arabia, over 1300 potential modern heritage buildings were identified and categorized
into typological groups and building types that historians, architects, planners, designers,
and policymakers can use to document and present Saudi Arabia’s rich modern heritage
effectively [32].

Facade-only HBIM approaches are well-established in the literature. A case in point is
the Baroque Palazzo in Italy that generated semantic HBIM models of fagade elements to
study historic grammar and ornament typologies without the need for interior access [33].
Likewise, the Palermo villa project implemented scan-to-BIM workflows to model and
survey the monumental facade of an 18th-century structure, with attention to exterior
material decay and conservation data only [34]. They improve the methodological rigor
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and cultural applicability of facade-based HBIM in instances where complete access is
not possible.

2.3. Regional Case Studies and Institutional Frameworks

In the United Arab Emirates (UAE), studies were conducted to emphasize the im-
portance of creating detailed base records to address the variety of documentation needs,
including archaeological sites, cultural landscapes, and historic buildings, while preserving
the built heritage in Abu Dhabi. As part of these efforts, Abu Dhabi’s Conservation Depart-
ment developed a methodology to choose the appropriate tools and techniques to collect,
analyze, and manage records as a function of the various building and site types [35].
The review of inventoried buildings and understanding of the historic context enables a
preliminary evaluation of significance that will allow future generations to comprehend
the achievements of the modern phase of the emirate. Ultimately, the Abu Dhabi initiative
aims to develop policies, strategies, and economic incentives that will protect and promote
these resources in the long run. Graphs, documents, and photographs are being collected
to provide insight into the historic urban environment and to establish criteria for assessing
significance. By preserving the built heritage in Abu Dhabi, tangible and recognizable land-
marks become a physical, spatial, and temporal anchor, connecting the past, present, and
future while providing a context for collective memory and identity [36]. Another study
that considered Dubai as a case study [37] implemented digital heritage documentation
and its technologies to assess their potential for governmental and educational applications
and to analyze existing projects. The study aimed to enhance the understanding and
development of digital heritage as well as to establish new frameworks and perspectives
for the preservation of traditional heritage.

These examples reveal the growing institutional and academic interest in documenta-
tion as a foundation for protecting not only traditional heritage but also emerging modern
architectural heritage, especially in the Gulf region. Recent contributions also emphasize
the integration of HBIM with virtual reality (VR) and GIS platforms to enhance spatial
analytics, immersive education, and interactive heritage mapping [38].

Recent studies on scan-to-BIM workflows have progressively emphasized the adjust-
ment of workflows for restricted- or limited-access environments—conditions widespread
in the modern urban setting. Tini et al. [39] presented a scan-to-HBIM-to-VR workflow
specifically customized for industrial heritage sites characterized by poor visibility, high-
lighting the importance of reusability and semantic correctness. Arico, Lo Brutto, and Mal-
tese [40] conceived a knowledge-based segmentation approach to Arab-Norman heritage
buildings to illustrate the feasibility of constructing HBIM with lacking data via typological
intelligence. Simultaneously, Buldo et al. [41] enhanced automatic segmentation techniques
for masonry vaults through the application of parametric adaptation, an approach that is
translatable to contemporary geometries as well. Patil and Kalantari [42] also demonstrated
that accurate wall reconstruction is possible using Al-assisted hybrid workflows even under
erroneous semantic segmentation. The collective evidence of the studies above confirms the
viability of streamlined, resource-minimal scan-to-BIM procedures—particularly applicable
to projects like ours that have limited possibilities of complete interior access but prioritize
typological precision, semantic coherence, and reproducibility.
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2.4. Research Gap and Study Importance

As mentioned earlier, the preservation of modern architecture in a rapidly growing city
like Dubai presents many challenges, including intergenerational value change, regulatory
gaps, and competition from economic forces. As these structures fall outside the conven-
tional heritage frameworks focusing on age and artistic values, they remain extremely
vulnerable to redevelopment pressures.

To address these challenges, researchers have proposed HBIM methodologies tailored
to modern architecture, aimed at improving data organization, accessibility, and long-
term conservation planning [43]. In line with this, the current research contributes to
this discourse by documenting the Toyota Building using a photogrammetry-to-HBIM
workflow, validated in the recent literature as both practical and scalable, particularly in
resource-constrained contexts [44]. The employed techniques—drone photogrammetry
and ground-based photography—enabled the creation of a high-resolution, semantically
structured 3D model, both as a technical tool and as a communication medium for heritage
promotion. Being novel practices, the application of artificial intelligence (Al) for tasks
such as element recognition and semantic labeling is regarded as an interesting avenue to
boost documentation speed, consistency, and scalability [45].

The produced workflow not only assures geometric precision but also facilitates future
preservation—by recording the existing state of buildings—and supports conservation
efforts through informed planning of repair and restoration. Additionally, it stimulates
community participation and promotes educational use by documenting and categorizing
the architectural elements that characterize Dubai’s identity. As the following section
shows, the documentation of the Toyota Building applies this approach in practice, combin-
ing aerial and ground-based photogrammetry to create a comprehensive and accessible
digital model.

While photogrammetry is an established technique of heritage documentation, its
application has mostly been confined to historic, low-rise structures with rich architectural
detail. This study puts a new spin by introducing drone-based photogrammetry and
commercial 3D modeling software into the documentation of a modern high-rise structure.

This research demonstrates how cost-effective and easily accessible digital technologies
can be used skillfully for preserving and conserving modern architectural heritage in
rapidly transforming urban environments.

In addition, it presents a workflow especially tailored for buildings with flat facades
and geometric regularity, thereby providing a model that can be replicated in similar
instances throughout the Gulf and other fast-developing regions. In doing so, this research
addresses a significant gap in the digital documentation of post-oil era architecture and
promotes the value of documenting buildings that, while not formally designated as
heritage, contribute meaningfully to the city’s cultural landscape and are increasingly at
risk of demolition.

The term “low-cost” is used in a relative and practical sense. Compared to more
resource-intensive methods such as terrestrial laser scanning (TLS) or LiDAR, which often
require expensive hardware, larger teams, and highly specialized processing, our approach
relies on commercially available equipment and accessible software. Although proprietary-
based, tools like the DJI Phantom 4 Pro and RealityCapture offer an advantageous trade-off
among cost-efficiency, image quality, and ease of use—of high value to research groups
or institutions operating on limited budgets. Such a setup has demonstrated its adequacy
for comprehensive documentation while maintaining reproducibility and scalability for
analogous heritage material in low-resource environments.

While the photogrammetry-to-HBIM workflow used in this study is founded upon
tested tools and methodologies, its importance lies in the contextual implementation of
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these processes on a building typology—unlisted modern high-rise buildings in Gulf
cities—that is insufficiently documented. This building typology has particular documen-
tation complexities, including limited access, legislative intricacy, and a lack of formal
heritage policy. By adapting the process to these limitations, this research offers a repro-
ducible and scalable solution that can possibly facilitate preinventory digital preservation
in other dynamic city contexts.

3. Research Methodology

This research adopts a multiphase approach to digitally document a representative
modern heritage high-rise building in Dubai using photogrammetry and accessible 3D
modeling tools. The objective is to develop a replicable, cost-effective, and minimally
intrusive workflow suited to the dense urban context of the Gulf. The digital documentation
process is structured in four main phases. The workflow of the digital documentation
process, including case study selection, recording, data processing, and HBIM integration,
is illustrated in Figure 5.

e Toyota Building HBIM Integration Model

Figure 5. Digital documentation workflow, © author(s).

3.1. Case Study Selection and Site Investigation

The Toyota Building was selected as the case study for its architectural significance
and status as a representative example of early high-rise residential development in Dubai.
It was selected following a literature review of regional modern heritage, coupled with
semistructured interviews with heritage professionals, government officials, and focus
groups. Site visits were conducted in order to ascertain accessibility, visibility, and suitability
for photogrammetric documentation. The Toyota Building was chosen not just due to its
unique historical and cultural character, but also as a representative of the early modern
high-rise residential architecture in the Dubai setting. Its modular fagade, reinforced
concrete, and overall form embody the design logic, material choices, and architectural
language typical of post-oil modern buildings constructed across the UAE in the 1970s
and 1980s. Thus, it is a model for a broader group of vulnerable high-rise buildings. The
building was selected due to its symbolic value within Dubai’s post-oil urban history, high
risk of alteration or demolition, and feasibility for full exterior documentation using aerial
and ground-based imaging.

This research knowingly concentrated on the Toyota Building’s facade as the prereq-
uisite initial step in documenting and analyzing the modern heritage in the Gulf region.
Although access to the interior of the building was limited, the restriction did not influence
the decision to undertake an exterior-based strategy. The facade was chosen because it is
the most publicly visible and architecturally prominent element of the building. Its modern



Heritage 2025, 8, 263

10 of 22

design language is expressed in form, materiality, thythmic repetitions of windows, and
balconies—features that enhance both its heritage value and presence in the urban skyline.

Notably, the facade takes on a central role in both the public and institutional recog-
nition of heritage value. It is the first point of contact for both the general public and
heritage regulatory authorities, positioning itself as a logical basis for raising awareness,
appreciation, and potential designation.

Over the last half-century, the building’s evolution from an isolated structure in the
desert into a highly visible aspect of Dubai’s tightly packed metropolitan setting is most
clearly evident in its exterior appearance. Its landmark designation and iconic status are
derived from its exterior and exterior detailing—features threatened progressively by the
forces of redevelopment and rapid urban transformation. This study, therefore, presents
an outside-first digital documentation strategy not as a limitation, but as a deliberate and
thoughtful approach. We employed drone and ground-based photogrammetry to capture
high-fidelity information for the complete exterior envelope to support semantic HBIM
modelling. While we understand fully well the significance of internal documents and the
multifaceted values these may possess, this study is an essential point of departure for the
identification, cataloging, and analysis of the physical characteristics of modern high-rise
structures in the UAE and the wider Gulf context.

The study was carried out by a multidisciplinary group comprising architectural her-
itage researchers, BIM and photogrammetry experts, UAV pilots, and heritage consultants.
This ensured that procedures were standardized and in line with HBIM ideals, so that the
data capture was accurate as well as modeling decisions that consider cultural sensitivity.

3.2. Recording and Data Collection

To ensure full facade coverage and geometrical accuracy, two complementary data

acquisition methods were employed:

e  Aerial imaging

e A DJI drone equipped with a 20-megapixel camera captured 447 high-resolution JPG
images. These were taken using a planned flight path to ensure optimal lighting and
overlap (minimum 5 images per surface) and embedded with GPS EXIF metadata
for georeferencing. The ground sampling distance (GSD) of the aerial photography
was approximately 0.82 cm/pixel, derived from the 13.2 mm sensor width, 8.8 mm
focal length, and 30-m average flight altitude. The resolution was sufficient enough
to capture architectural details such as balcony projections and window frames. For
terrestrial photogrammetry, the Nikon Z7 (35.9 mm full-frame sensor) equipped with
a 16 mm lens was employed to capture images at a distance of about 5 m from the
building, resulting in a GSD of 0.14 cm/pixel. This permitted detailed recording of the
lower fagade areas and commercial entrances at high visual resolution.

e Ground imaging

o A 60-megapixel sensor Nikon camera with a fixed wide-angle 16 mm lens was uti-
lized to capture a total of 368 sections of lower fagades that were not easily visible
through aerial photography. Supporting videos and panoramic photographs were
also captured to facilitate the visualization and dissemination of the documentation.
This composite approach provided total protection to the building.

3.3. Data Analysis, Processing, and Model Generation

Following photo selection and evaluation, 3D reconstruction was carried out using
RealityCapture software v1.5. The basic processing steps were:

e Alignment of images and generation of a sparse point cloud.
e  Creation of a dense point cloud consisting of tens of millions of points.
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e  Mesh generation via surface triangulation.

o  Texture mapping from the original photographic dataset.

e  Orthophotos were generated directly within RealityCapture using the textured mesh
and high-resolution source imagery, allowing for optimal image quality and spatial
accuracy. These orthophotos were then exported for use in CAD and BIM workflows.
While the final model was also exported in .OBJ format for archiving and visualization
purposes, the orthophoto extraction process did not rely on the OBJ output, ensuring
image fidelity.

3.4. HBIM Integration and Semantic Modeling

After generating the textured 3D model, the final phase involved organizing the
geometric data into a structured, intelligent digital model using Autodesk Revit. The
processed outputs were imported to allow for the generation of orthographic views for
each facade and to initiate the development of a semantically enriched HBIM prototype.

The HBIM model developed in this research meets the level of development (LOD)
300, according to accepted BIM standards. These involve geometrically precise modeling of
fagade elements, including window modules, balconies, sign frames, and commercial base
zones, thereby modeling their actual dimensions, spatial arrangement, and typological
guidelines. While the model did not include more detailed construction or material specifi-
cations generally expected at levels of development (LOD) 400 or 500, it enables semantic
enrichment and serves as a heritage documentation and planning tool.

The key aim of historical building information modeling (HBIM) does not involve
reproducing conventional methods regarding heritage planning, typically concerned with
geometric irregularities as well as complicated ornamentation, as specified by Historic
England (2017) [46] and CIPA/ICOMOS (2019) [47] as well as building SMART standards
for modeling (2020) [48]. Instead, this research employs an HBIM methodology, modular,
with a geometric foundation, tailored for modern architecture, normally characterized by
flat fagades and uniform volumetric grids as well as regular architectural motifs. Worth
noting, however, is that such an approach depends on the building type and it might be
insufficient for geometrically complicated types, e.g., concrete shells, expressive geometry,
or composite structures appearing in the 1970s. A systematic HBIM procedure formulated
in this research provides for facade element categorization (e.g., balconies and windows as
well as signage) as well as for creating a supportive dataset with a potential future integra-
tion into automated recognition or machine learning. To promote a greater applicability for
such a methodology, a typology study alongside systematic tuning would be required in
order to ensure accurate representation as well as semantic comprehension.

4. HBIM Applications and Methodological Reflections

The HBIM workflow in this study prioritizes the establishment of a geometric and
semantic basis that can be enhanced with additional layers of data. Fundamental elements
modeled in Revit include fagade modules and window systems; floor alignment; balcony
projections; roofline; and signage. These were modeled according to data obtained from
the photogrammetric model and matched with Revit families accordingly as deemed
fit. The generated HBIM has several functions, like establishing a repeatable system for
conducting future condition assessments, testing material, or damage mapping; facilitating
the incorporation of previous inventories, city planning databases, or policy development
tools; facilitating education and awareness through an accessible and editable framework
for both students and professionals; and acting as a digital twin prototype, especially for
buildings not yet listed as heritage and in danger of transformation or demolition.
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The work faced constraints, including restricted drone usage, single-session data
capture, and occasional objections to privacy on the ground for photography. Nevertheless,
the process was able to capture a high-quality, complete digital model. The methodological
framework established in this research is also scalable. It can be applied to similar structures
in Dubai or other rapidly developing areas where modern architectural heritage faces the
risk of erosion.

The scan-to-BIM conditions presented some limitations that guided the modeling pro-
cess. They included partial side elevation occlusion by adjacent dense construction, surface
texture anomalies caused by staged signage and maintenance interventions, and problems
in guaranteeing geometric continuity between fagade segments. To solve these, mesh-to-
BIM translation favored typological simplification and semantic clarity over rigid geometric
precision, in accordance with best practice for HBIM application to modern buildings.

5. Results and Discussion

This section presents the outcomes of the digital documentation of the Toyota Building,
highlighting the effectiveness of aerial and terrestrial photogrammetry as well as the 3D
modeling workflow leading to HBIM integration.

5.1. Image Acquisition and Coverage Strategy

Three-dimensional recording was carried out through photogrammetry, selected over
LiDAR and manual surveying due to its lower cost of equipment, having minimal staff
needs, and ease of application. Photogrammetry can be performed using easily accessible
cameras and software compared to LiDAR, which needs high-end scanners and specialized
staff, hence proving to be ideal for heritage projects with cost limitations. Moreover,
the use of drones for high-rise fagade documentation reduces the need for physical access
equipment or scaffolding, thereby helping to lower operational costs. The decision to utilize
drone-based photogrammetry complemented by ground-based photographic techniques
depended on a set of contextual and logistical factors. The structure is situated within a
congested urban canyon off Sheikh Zayed Road, where large equipment setups—such as
handheld or terrestrial laser scanning gear—were not feasible because of safety protocols,
constrained sidewalk availability, and vehicular traffic. Moreover, the project aimed initially
at developing a low-invasive and low-cost workflow, reproducible by urban teams or small-
scale documentation projects. While advanced scanners would be capable of providing
additional volumetric precision, the technique utilized was capable of producing a high-
resolution 3D model sufficient for the semantic structuring of the fagades, the ultimate goal
of the research. As illustrated in Figure 6, a total of 447 georeferenced aerial images were
captured using a DJI drone equipped with a 20 MP camera. The images documented the
building from multiple angles with sufficient overlap, and the flight paths were carefully
planned with consideration of sunlight direction to ensure clear visibility and minimize
shadows, as indicated. in Figure 7.

In addition to the aerial photos, a Nikon camera equipped with a 60 MP sensor and
16 mm wide-angle lens was employed to capture 368 images at the ground level, targeting
the lower facades and shopping entrances (Figure 8). This hybrid system provided all-
around vertical coverage with less visual distortion and no data gaps. The data processing
using photogrammetry software is presented in Figure 9.
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Figure 6. Geographical position of each snapshot “in red” captured by DJI drone while scanning the

building, © author(s).
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Figure 7. A sample of a series of consecutive photos taken by a drone, and the location of the camera

appears when each photo is taken, © author(s).
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Figure 8. A sample of a series of consecutive photos taken with the digital camera, the camera’s
location changes slightly when each photo is taken, © author(s).
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Figure 9. Data processing using photogrammetry RealityCapture software, © author(s).
5.2. Photogrammetric Processing and 3D Model Output

Photogrammetric processing was carried out with RealityCapture, resulting in the
generation of a point cloud by automated image alignment, and subsequently a dense point
cloud consisting of tens of millions of discrete points (Figure 10). The image chains are
indicative of vertical and overhead drone imagery, and the orange chains are representative
of the hand-held imagery covering architectural details at ground level.

[ I T W A

Figure 10. Point cloud of the 3D model consist of DJI drone images captured along vertical chains
from above. The ground-level images highlighted in orange focus on the building’s base, © author(s).

The point cloud was cleaned and meshed into a completely textured 3D model. From
this, orthographic photos were extracted for each fagade using CAD software (Figure 11),
providing the geometric basis for redrawing and further modeling. These orthophotos

were imported into a BIM platform (Autodesk Revit), where an as-built architectural model
of Toyota Building was established (Figure 12).
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Figure 12. Architecture model using Revit software, © author(s).

The Toyota Building’s urban setting posed a number of challenges common to dense
city environments, such as restricted take-off areas for drones, line-of-sight obstructions
from neighboring skyscrapers, and restrictions on pedestrian-based ground photography
due to traffic and privacy issues. Even with these constraints, complete facade coverage
was achievable through the joint application of drone photogrammetry and handheld
wide-angle photography. A predesigned flight route maintained vertical overlap and
managed drone altitude to reduce occlusion. Ground-based images were purposely taken
in open lines of sight to complete areas impenetrable to aerial imaging. The detailed 3D
model and orthophotos extracted validate that the approach was resilient and versatile
to intricate urban geometries, proving its feasibility for comparable high-rise buildings in
dense metropolitan areas.
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5.3. Image Interpretation and Annotation Support

While traditional photography and orthographic views help to make visual records,
the large point cloud generated through photogrammetry provides a far more detailed and
metric dataset. The point cloud accurately captures three-dimensional coordinates of every
visible surface, allowing precise measurements, spatial alignment, and geometric analysis.
Therefore, this ability allowed us to reconstruct constant balcony spacing floor by floor,
identify planar irregularities, and confirm facade symmetry, despite the building’s age and
surface deterioration. Significantly, the point cloud served as the background base upon
which the development of the HBIM model was undertaken in Revit so that the project
team could separate and categorize elements with as-built dimensional precision. This
level of specificity and interoperability could not have been attained by visual documenta-
tion. Visual observation of the top-down and facade projections revealed the building’s
symmetrical footprint, double-core internal circulation, and passive ventilation courtyards,
characteristics of early Gulf modernism. The rooftop, as apparent in Figure 6, was left
largely empty except for the historical signage mounts, which further complemented the
minimalist design of the building.

The fagade orthographic drawings (Figure 7, Figure 8, and Figure 11) reveal a modular
and regular composition. The south and east elevations are made up of vertically stacked
fagade units, with recessed window modules and projecting balconies. A clearly identifiable
commercial ground floor and mezzanine contrasts with the upper residential pattern, and
the metal roof structures indicate the former existence of neon signage—a cultural signifier
of the commercial nature of the building.

Such visual prompts facilitate the process of annotation in the HBIM context, in
which modular repetition and structural simplicity make it easy to tag components and
include metadata.

The present research deals with a high-rise building characterized by modular and
rectilinear geometric forms; nonetheless, the methodology was conceived in consideration
of analogous unclassified modern buildings that dot Gulf urban skylines. Note, however,
that typologies like freeform concrete shells, dynamic geometries, or nonmodular structures
present particular challenges in documentation. Bridging such challenges would require
adopting alternative scanning techniques, segmentation strategies, and modeling frame-
works. As such, the approach is introduced as a typology-specific solution for repetitive,
flat fagades, rather than a generic approach to the whole modern heritage category.

5.4. Semantic Feature Recognition and HBIM Structuring

Semantic segmentation of the 3D model allowed the documentation team to define key
architectural elements as separate HBIM objects, as summarized in Table 1. These included:

Window units are envisioned as parametric openings with depth and shadow attributes
Repeating families of balcony slabs and parapets
Differentiated pattern ground floor retail bays

Roof sign structures labeled as time-sensitive heritage features.

The semantic analysis enabled the generation of HBIM families that not just encap-
sulate geometric attributes but also functional typologies. This is particularly useful for
mapping, recognition, and assessment of changes over time, and also for the inclusion of
future material or condition survey layers. The semantic HBIM method used highlighted
the classification and graphical definition of major facade elements based on their architec-
tural geometry and functions. Recessed windows, balconies, railings, parapets, and other
building elements were recognized using parametric criteria and clustered in the 3D model.
A unique color was applied to each cluster in order to improve model readability and sim-
plify the identification of elements. This color-coded segmentation proved to be effective
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in distinguishing the repetitive modules and unique architectural features. This enabled
clear design logic communication and allowed for additional semantic annotation. To
support the semantic classification process, high-resolution 3D views were generated and
exported from Revit. As illustrated in Figure 13, these views demonstrate the color-coded
segmentation and parametric tagging of architectural elements. This process enhanced the
model’s usability for both documentation and heritage analysis.

Table 1. Semantic elements and their roles in structuring HBIM output.

Feature Type Repetition Semantic Role in HBIM
. . . . Base family for vertical stacking, alignment,
Window unit Opening High and thythm
Balcony module Structural element High Shading, privacy, and floor articulation
Parapet Safety feature Consistent Part of balcony and roof HBIM elements
Facade Composite facade unit High Main modular unit for HBIM repetition
Commercial base zone Mixed-use fagade Unique Differentiated typology in HBIM
. . Time-sensitive, tagged as
Rooftop signage frame Steel frame Unique cultural /economic identifier
Circulation core Inferred structural Unique For internal routing and vertical connections
Courtyard lightwell Passive feature Paired Tagged as ventilation element in HBIM

Beyond visual differentiation, BIM’s semantic structure enables multilevel data enrich-
ment across categories, families, types, and instances. This enabled clustering of similar
elements and mapping of their functional roles—such as shading (balconies), safety (para-
pets), or ventilation (recessed openings)—while keeping consistency in semantic label
allocation across the facade. The resulting HBIM became a semantically enriched dataset
suitable for heritage analysis and future restoration planning.

The outcomes show that this approach allows for a scalable and process-effective se-
mantic modeling of heritage fagades, combining parametric filtering, material-based visual
coding, and hierarchical classification. The resulting semantic model allows modular stud-
ies of architectural elements, enables comparative research, and improves documentation
quality in architectural typologies. It enhances HBIM's usability in documenting situa-
tions where both geometric precision and semantic prosperity are critical for preserving
architectural authenticity. This study also contributes to ongoing discussions regarding the
adaptation of scan-to-BIM practice to sparse documentation contexts. The resultant HBIM
model balances data fidelity and interpretive flexibility to facilitate typological abstraction
in areas where image coverage or material condition data were poor. This aligns with the
developing literature that favors pragmatic semantic modeling approaches in high-rise
and modern contexts, where full 3D exposure is not always attainable. It should be noted
that interior spaces were not documented, and the current HBIM model reflects only the
external envelope and fagade components. Future studies may incorporate interior spatial
layouts and typological evolution if access to the building becomes feasible

This output goes beyond geometric documentation—it offers an expandable platform
for marking heritage values, interpreting typological elements of Gulf modernism, and
enabling networking for heritage advocacy. This approach aligns with emerging scholar-
ship that sees digital heritage documentation not only as a means of recording physical
attributes but also as a tool for cultural storytelling and stakeholder engagement. Fai
et al. [49] and Lopez et al. [50], for example, have shown how HBIM can be expanded to
incorporate intangible values, usage patterns, and historical narratives into architectural
models. Similarly, Murphy et al. [51] and Oreni et al. [52] have investigated how HBIM
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supports interpretive flexibility and layered analysis, especially in heritage contexts that
require both accuracy and flexibility. This study contributes to this growing field by of-
fering a replicable and resource-efficient methodology tailored to the under-documented
typologies of Gulf modernism. The aim of digital documentation is to enable recognition
of modern heritage, encourage multistakeholder dialogue, and raise community awareness
of the endangered architectural heritage.

The produced documentation can serve as a means to promote Dubai’s modern her-
itage using museums and cultural initiatives. Furthermore, the digital models could be
incorporated into augmented reality (AR) exhibitions or virtual heritage tours that align
with the emirate’s smart tourism and cultural education strategies. Also, the HBIM models
and photogrammetric content produced can serve as a teaching tool in architecture and
heritage education courses. Moreover, the content can be formulated into interactive learn-
ing material that is incorporated within higher education courses to promote awareness of
the significance of modern heritage.
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heritage documentation, © author(s).



Heritage 2025, 8, 263

19 of 22

The model incorporates foundational metadata for every typological feature to allow
semantic classification and tagging according to its function within Gulf modernism. Al-
though lacking lifecycle information or asset management data, the model in its present
form caters to heritage-based uses and demonstrates a fundamental level of information
(LOI) that is appropriate for typological identification and possible data enrichment.

Although this HBIM prototype primarily deals with exterior facades, its semantic
framework enables the potential expansion to heritage management functions. Annotated
objects like signage frames, balconies, and typological modules can be enriched with
metadata concerning condition surveys, conservation stages, and policy development. This
is in accordance with best practices where HBIM is not merely a geometric model but a
methodically organized, interoperable platform for the stewardship and preservation of
architectural heritage.

6. Conclusions and Future Work

Dubai’s modern architecture has its roots in the 1970s, following the discovery of oil.
Sadly, these early modern high-rises are threatened by demolition due to rapid urbaniza-
tion, commercial pressures, and rising land value. The digital documentation of modern
buildings—particularly those not yet formally recognized as heritage—offers a foundation
for recognition, interpretation, and potential conservation planning, but should not be
considered preservation in itself.

The Toyota Building was selected as an iconic example of modern high-rise residential
architecture in Dubai to demonstrate a low-cost, replicable documentation workflow. A
combination of drone-based photogrammetry and ground photography was used to cap-
ture the building, with data processed using RealityCapture software. The resulting 3D
model provided an accurate, high-resolution representation, which was then structured
into a semantically enriched HBIM model using Autodesk Revit.

The Toyota Building embodies significant typological, spatial, and visual qualities per-
tinent to Dubai’s early high-rise development. This study illustrates the potential of widely
available software not only for documenting geometry but also for interpreting, organizing,
and contextualizing modern heritage through HBIM. It demonstrates how HBIM modeling
and semantic segmentation can support automated recognition of architectural features
in modern heritage buildings. These approaches help to address current gaps in heritage
documentation, which still rely heavily on expert interpretation and manual identification
of heritage attributes.

The methodology developed in this study creates a structured dataset that can support
future applications in machine learning, pattern detection, and heritage asset management
by classifying elements such as window units, balconies, and signage into HBIM families.
This enables a methodical and scalable way of documenting buildings that are culturally
significant but not officially listed.

The approach proposed here can be applied to other modern high-rise buildings across
Dubai and the wider Gulf region, especially those undergoing redevelopment. The digital
documentation of the Toyota Building can also be used in architectural curricula to enhance
students” awareness of the UAE’s modern heritage. Additionally, the 3D models form a
foundation for a potential digital museum platform or dynamic repository for modern
heritage buildings in the UAE.

The work presented here confirms the feasibility of developing a high-quality, seman-
tic 3D model capable of connecting geometrical and historical surveys with descriptive
thematic databases. In this way, HBIM becomes a comprehensive dataset encompass-
ing multidisciplinary information, particularly supporting diverse documentation and
intervention motivations.
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Although the main focus of this paper was the technical documentation and semantic
structuring of the Toyota Building, the outcomes provide several directions for future
work. These include incorporating the models into virtual exhibitions, immersive learning
environments, and interactive platforms to increase public awareness and engage stake-
holders in heritage conservation. A plug-in is also under development to support the
semiautomated integration of identified semantic features into HBIM environments.

It must also be noted that while this study offers a replicable workflow for docu-
menting modern high-rise typologies in constrained urban contexts, its generalization to
other categories of modern heritage (e.g., concrete shell structures or freeform geometries)
requires caution. A typological assessment should precede the selection of documen-
tation methods to ensure geometric fidelity, semantic mapping accuracy, and heritage
management relevance.
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