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Abstract
Modern archaeological research rapidly evolves with digital docu-
mentation and data collection procedures, from LiDAR scanning to
analyzing genetic archaeological evidence with HPC and bioinfor-
matic methods. However, these e�ective technologies are often be-
yond the budget limits of most research groups or require excessive
knowledge beyond usual �eldwork training, leading to inequality
between di�erent research institutes and hindering the knowledge
and research work. Thus, our interest lies in testing and evaluat-
ing low-budget and easy-to-use pervasive sensing and modeling
technologies suitable for archaeological research. In this paper, we
address the timely research topic of applying mobile computing in
(classical) archaeology, evaluate the opportunities and challenges,
and present an example of experimentation with smartphone-based
3D modeling in the ancient cities of Pompeii and Herculaneum.

CCS Concepts
� Human-centered computing ! Smartphones; Empirical
studies in ubiquitous and mobile computing ; � Applied com-
puting ! Archaeology .
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1 Introduction
Modern archaeology has made signi�cant advancements with the
use of technology in the �eld. Digital services for archaeological
research encompass paperless and comprehensive documentation
methods, including 3D modeling and augmented reality. Di�er-
ent sensing technologies can indeed be introduced in archaeologi-
cal research. These include, for example, identi�cation with NFC
tags [20], wearable sensors [31], and geolocation services such as
GPS/GNSS positioning and geographic information systems (GIS)
[4, 30]. However, most of the applied sensing technologies required
for excessive scanning, such as LiDARs and drones, are expensive,
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up to tens of thousands of dollars, and beyond the "normal" �eld
work budget.

The accurate documentation of the excavation site is a fundamen-
tal part of archaeological research, often performed by hand-written
notes, drawings, photography, and more advanced technologies,
including 3D scanning and web interfaces for data transmission and
storage [26, 39]. Documentation and �eldwork on the excavation
sites are expensive considering the required time, workload, and
limited budgeting resources. This makes the adequate documenta-
tion of the excavation site with quality-ensured data essential for
the success of the research by improving documentation e�ciency,
accuracy, and scale [2]. In this manner, archaeology is a knowledge
work where accurate data collection in the �eld later supports the
after-analysis, results formation, and re-purposing of expensive
data. Indeed, e�ective data management processes are crucial for
successful archaeological research [14].

In this article, we present the results of a preliminary investi-
gation into the usability of smartphone-based simple LiDAR 3D
modeling in Classical Archaeology. We tested the iPhone-based
LiDAR in two Italian sites, the Archaeological Parks of Pompeii
and Herculaneum. To gain versatile experiences, we documented
certain outdoor structural features, such as fountains and cross-
road shrines. In Herculaneum, we tested how the handheld smart-
phone LiDAR captures data indoors. Additionally, the tools were
put to the test in museum settings. Based on our preliminary re-
sults, we highlight the �eld of archaeology as a growing area of
mobile computing applications. We argue that with cost-e�ective,
energy-e�cient, widely available, and easy-to-use pervasive sens-
ing solutions, archaeological �eldwork can be improved for data
collection, documentation, analysis, and modeling purposes.

2 Archaeological Sites of Pompeii and
Herculaneum

Pompeii is undoubtedly one of the world’s best-known and best-
preserved cultural heritage sites. The ancient Roman town, situated
in Campania, approximately 250 kilometers southeast of Rome, was
buried under a layer of ash, pumice, and other volcanic materials
during the eruption of Vesuvius in 79 AD. Pompeii was rediscov-
ered accidentally in the late 16th century. Still, excavations in the
town and its slightly less-known neighbor, the smaller town of Her-
culaneum (rediscovered in the early 18th century), began towards
the end of the 18th century, marking the beginnings of modern
archaeology. The early excavations were not carried out in a par-
ticularly scienti�c manner, but systematic archaeological research
began in the 19th century, led by excavation director G. Fiorelli.
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His publications, among those of other notable Pompeianists of the
19th and early 20th centuries, such as August Mau and Amedeo
Maiuri, formed the foundations for understanding ancient urban
development, especially private housing (e.g. [11], [23], [22], [21]).

Before the excavations in Pompeii and Herculaneum, knowledge
of Roman houses primarily relied on literary evidence, notably on
the writings of the Roman architect Vitruvius, who worked and
published during the reign of Augustus (27 BC � 14 AD). Very few
remains of private townhouses have survived in the city of Rome
itself. Thus, research on Roman housing has focused mainly on the
Campanian area. In Pompeii, nearly 500 private houses have been
found, with approximately 200 identi�ed as atrium houses [12]. The
archaeological record of Campanian material has become almost
synonymous with Roman. For the sake of conciseness, this term is
used here interchangeably with Pompeii/Herculaneum/Campanian
when describing the research of Campanian towns. However, it
is essential to note that the architecture and living conditions in
Pompeii and Herculaneum re�ect early imperial provincial styles
and fashions, and any generalizations must take this into account.

While the research history of Pompeii and Herculaneum spans
over 150 years, the sites have yet to reveal all of their secrets. Besides
the private houses, the numerous workshops in both towns shed
light on ancient working and living practices, the public buildings
provide insight into Roman architecture, politics, and religious
practices, and the artefactual evidence, such as pottery and other
�nds, o�ers a glimpse into the economy, arts, and everyday life in
both domestic and urban space, while also aiding in the dating of
excavated layers. The exceptionally well-preserved wall paintings
have profoundly in�uenced ancient art history and the Neoclassical
era of late 18th-century and early 19th-century Europe. In addition
to the material culture, the abundance of inscriptions � both painted
and engraved �presents a wealth of information for understanding
the social, cultural, and economic history of ancient societies and
their signi�cance for linguistic and socio-linguistic studies of Latin.

3 Computing Methods and Archaeology
Archaeology, as a discipline, straddles the humanities and social
sciences, often adopting methods from the natural sciences, particu-
larly dating techniques like radiocarbon dating, dendrochronology,
and thermoluminescence, which are standard in prehistoric archae-
ology. Classical archaeology falls under the broader category of
historical archaeology, focusing on historical eras that are well-
documented in literature and written sources. Pompeii and Hercu-
laneum, ancient sites within classical archaeology, i.e., one with a
long research history, have experienced both the bene�ts and draw-
backs of classical scholarship, where literary sources sometimes
overshadow material evidence. Combining the writings of Roman
authors such as Vitruvius with archaeological �ndings has pro-
vided valuable insights into ancient architectural practices, albeit
sometimes at the expense of archaeological interpretations.

A resurgence in Campanian studies emerged in the mid-1990s,
marked by the so-called ‘Spatial Turn,’ which emphasized spatial
analyses and innovative perspectives on domestic and urban spaces.
Currently, approximately two-thirds of Pompeii has been excavated,
while part of the buildings remain buried beneath the volcanic
material. No new areas were excavated for decades except for some

small-scale investigations conducted by the local authorities (e.g.,
[38] [ 37]). In recent years, the Archaeological Park of Pompeii,
1 under the directorship of M. Osanna and G. Zuchtriegel, has
revealed new Pompeian living quarters with private houses and
workshops. Recent research e�orts in Herculaneum have primarily
concentrated on the conservation and maintenance of the site,
which was carried out by The Herculaneum Conservation Project2.

Several international projects have been working in Pompeii
since the 1990s, focusing on the already excavated areas, further in-
vestigating the pre-79 layers, and re-documenting and analyzing the
city using building archaeology. This method involves stratigraphi-
cal analysis of extant structures in addition to traditional techniques
such as excavation, survey, and �nds processing. Additionally, new
and innovative approaches to studying ancient material culture
have been generated. New technologies and computational meth-
ods enable archaeologists to address new questions, even in research
environments as rich in history as Pompeii. For example, GIS-aided
space syntax analysis allows for large-scale, spatial-visual exami-
nation of domestic spaces [1]. 3D VR eye-tracking techniques can
reliably retrace movement through houses, revealing the complex-
ities of spatial perception in motion [6]. Additionally, applying
computational economics to Pompeian housing data o�ers new
insights into ancient social inequality [32]. Nevertheless, these in-
novations are not without their challenges. For instance, VR and
3D models often require elaborate tools � not only for creation but
also for sharing and maintaining the data. The question is how we
can ensure that older �le formats remain usable in research and
publication and are reliably stored for future use.

Technological advances o�er numerous means to document,
analyze, and publish archaeological data. However, for these tools
to serve research purposes rather than simply remain as shiny toys,
they must ful�ll speci�c requirements. First, suchtools need to
be readily available and accessible as well as usable under
�eld conditions , which in the case of Campanian sites are often
hot, dusty, and occasionally rainy. Second, thedata they produce
should be developed further without excessive di�culties .
Third, suitable platforms must exist for publishing the end products.
Most peer-reviewed publications still rely on a book format, often
as e-books, and for good reason. Finally, end products�if not raw
data�must be stored in a manner that ensures their usability for
years to come so they can stand alongside books, drawings, and
black-and-white photographs.

4 The Field Research Challenge
Novel mobile computing devices, such as smartphones and tablets,
have bene�ted from the rapid advancement of e�cient commu-
nication and location services available almost worldwide, high
computational capabilities, many embedded sensors, and increased
battery life. Mobile devices have become de facto computers in the
�eld, answering the challenges presented in archaeology in 1998
[29]. In 2013, it was presumed that mobile technologies could revo-
lutionize the archaeological documentation process [10]. Indeed,
the latest developments in computer science for archaeology focus
on fast documentation in the �eld in a suitable data format [17].

1https://pompeiisites.org/
2https://www.herculaneum.org
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Our pilot test aimed to experiment with the added value of
technology for archaeological research by using a tool that would be
available to anyone in terms of availability and cost. For future work,
we aim to investigate questions related to computer modeling of
archaeological features and compare these modern methodologies
with traditional ones, such as drawing documentation on millimeter
paper. A signi�cant risk is that 3D models may remain merely
fancy illustrations of the ancient world if they are not grounded
in scienti�cally rigorous documentation. While such models may
appeal to wider audiences, they might not be more informative
than imaginative artistic visualizations of the past.

An example of the successful utilization of 3D modeling is the
work of the Swedish Pompeii Project researchers. D. Campanaro’s
investigation of the lighting conditions in insula VI 1 employs GIS-
based 3D reconstruction to address issues that cannot be explored
through other means: a reconstruction of the house, based on metic-
ulous documentation of extant structures combined with modern
computing techniques, can illuminate the dark corners of Pompeian
houses�quite literally�in ways that traditional methods cannot [5].
Thus, detailed research-based reconstructions hold a valuable place
in the archaeological toolbox. However, such research demands
high levels of specialization. Indeed, one of our goals for future
work is to develop pervasive archaeological documentation tools,
sensors, and data processing methods that can be utilized with basic
archaeological training.

Furthermore, archaeological tools and services have evolved
into commercial endeavors. A recent method involves laser-aided
pro�le measurements for de�ning pottery shapes and machine
learning to assist in the typological classi�cation of ceramics [9].
This approach appears to be a valid means of facilitating the time-
consuming process of pottery analysis, humorously referred to as
"archaeological housework," which tends to attract less attention
than more visually striking objects, such as grand public buildings.
The ongoing question is whether small research groups can a�ord
such tools, as archaeological research often involves more than
large-scale projects with dozens of researchers and substantial bud-
gets. Many researchers work alone or with small groups and limited
budgets. Documentation and processing materials are steps before
the analysis, including costs associated with devices and software.

LiDAR, which stands for Light Detection and Ranging, is a re-
mote sensing technology that utilizes laser beams to densely mea-
sure distances around the environment, marking them with singular
points, ultimately forming a 3D point cloud of the scanned area [8].
LiDAR scanners can be operated in various ways, such as mounting
the device into a drone or a vehicle, or using the scanner handheld
on the ground. The technology’s �exibility has proven to be an
e�cient tool for capturing real-world environments in a virtual
3D space. In the �eld of archaeology, LiDAR has been signi�cantly
utilized in various contexts, ranging from objects such as the ruins
of a triumphal arch [33] to more expansive environments, such as
the mapping of the ancient Maya landscape [7].

The scanned point clouds can be converted into solid 3D models
using various methods and reconstruction algorithms to �ll in
the missing space between the points, resulting in a complete 3D
mesh model. In addition to LiDAR, a point cloud can be obtained
by photographing the target object or environment from various
angles, provided there is su�cient overlapping data between the

images. This technique is known as multi-image photogrammetry
or structure-from-motion (SfM). SfM allows for a person to get a
well-documented point cloud or even a complete 3D mesh model of
a desired object using only their smartphone camera with the aid
of photogrammetry software, thus allowing an alternative, easily
accessible solution as opposed to the regularly quite expensive art
of LiDAR scanning due to the high cost of professional devices [16].

5 Pilot Set-up and Experiment
5.1 Exploratory Locations and Features
The speci�c research questions in archaeology vary depending on
the study design, ranging from basic recording of newly identi�ed
features to more complex investigations. For instance, examining
the materials, form, function, decoration, capacity, and dating of
water fountains can yield valuable insights into ancient water infras-
tructure and technological capabilities. Similarly, structural analysis
of living premises provides information about construction history
and decorative practices, which in turn can illuminate aspects of
domestic life, living conditions, family structures, and social hierar-
chies. With these premises, we selected case studies that illustrate
typical documentation work�ows:

� Pompeian water fountains (outdoor)
� Decorated column bases and statues (indoor)
� Selected street sections in Pompeii (outdoor)
� A private house in Herculaneum (indoor)

The water fountains are relatively small and straightforward, yet
well-known and extensively studied features within the Pompeian
urban matrix [15, 24]. As such, they serve as accessible examples
for showcasing the possibilities of LiDAR scanning to the archae-
ological community. In the same vein, decorated column bases,
statues, and �gurines are commonly studied in archaeology (and
art history), serving as a case in point for the suitability of such
objects for LiDAR scanning. Since small artifacts are often available
to researchers in museum collections, we conducted scans within
museum premises as well, allowing us to compare indoor and out-
door conditions and assess the viability of scanning in di�erent
environments. Street sections were included to showcase future
research interests to study crowd movements and spatio-temporal
aspects of street layouts in Campanian towns [27,36]. Such research
questions require accurate and detailed data on the structure and
dimensions of street networks, including the size and spacing of the
vehicle routes (carts and carriages of di�erent types) and sidewalks
designed for pedestrian tra�c.

Previous studies of the layouts and decoration of Campanian
dwellings demonstrated that social status and societal hierarchies
are re�ected in the architecture of Roman houses [19]. With the
advent of new technological tools, these aspects of ancient housing
can be re-examined to gain a more comprehensive understanding
of Roman architecture. The private house in Herculaneum was
selected based on our previous experience, as the �rst author has
previously documented the same house using traditional methods
[25, 35]. 3D models of building interiors can then be used for further
spatial analysis. Together, these case studies represent key areas of
Campanian archaeology and o�er practical examples for assessing
the usability of new documentation techniques.
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5.2 Traditional Methods
Typically, in the study of Campanian sites, the extant remains of
structures are analyzed using stratigraphical building analysis, a
method often referred to as �building archaeology.� While strati-
graphical methods are also applied in the excavation of soil layers,
building archaeology focuses speci�cally on the analysis of �xed ar-
chitectural remains�buildings and other permanent structures still
standingin situ. The goals include determining relative chronology,
construction materials, function, and, where possible, absolute dates.
This process typically involves identifying construction phases, tak-
ing measurements, producing scaled drawings, photographing, and
systematically documenting each phase in written form. Like soil
stratigraphy, building archaeology emphasizes the sequencing of
contexts, such as construction phases. Measurements are tradition-
ally taken manually, though a total station may be used to situate
structures within a broader spatial framework. Clear visibility of
the structures is essential for documentation, and light clearing or
cleaning may be required prior to analysis.

5.3 Experiment Device and Software
The smartphone manufacturer Apple has introduced a LiDAR cam-
era for the iPhone 12 Pro and later models, enabling the capture
of depth data for photos and videos. However, the speci�cations
of the LiDAR scanner introduced into the phones have not been
released to the public by Apple for unknown reasons. With the
release of this feature, many applications that take advantage of
LiDAR have emerged over the past few years. One of these apps
is Polycam3, which was experimented with during this research.
Polycam is one of the most popular 3D scanner applications on
the Apple App Store, designed for creating 3D models using multi-
image photogrammetry and Gaussian splatting. It also utilizes the
LiDAR sensor for scanning purposes. Regarding mobile apps, an-
other popular contender is Scaniverse4.

We choose to use Polycam because it is somewhat inexpensive
(99 USD per year per single-user license), and its output supports
di�erent data formats, including both mesh and point cloud formats,
such as LAS, PLY, PTS, and XYZ. Then, we visited Pompeii for
a few days and documented the site and objects in its museum
(The Antiquarium of Pompeii) and the National Archaeological
Museum in Naples (the Museo Archeologico Nazionale di Napoli).
We attempted to scan both indoors and outdoors, in varying lighting
conditions, and of objects at di�erent distances, including streets,
fountains, and sculptures (these were mainly located in the museum,
as they had been brought indoors for safety reasons). Additionally,
we spent a day in Herculaneum, where we scanned the entire front
part of the house, known as Casa del Tramezzo di Legno. Depending
on the output format, the scans like these seem to generally be 4-
100MB in �le size each. The �les can be downloaded from the iPhone
to the Polycam cloud and from their web service to any computer.
The scanning functionality works without Internet access.

6 Results
We tested the functionality of a smartphone-operated LiDAR scan-
ner on the examples described above. Our main overall �nding was

3https://poly.cam/
4https://scaniverse.com/

that using the smartphone-based scanner signi�cantly reduced the
time required for documentation. Furthermore, the accuracy of the
LiDAR scans surpassed that of traditional hand measurements.

6.1 Water Fountains
More than forty functioning street fountains are known from Pom-
peii, out of which we scanned eight. Previous studies have investi-
gated methods for utilizing photogrammetry to create 3D virtual
representations of water fountains [15] and similar smaller-scale
structures. The quality estimates of camera-based virtualization
using photogrammetry can range from 0.2 to 5mm, depending on
the camera quality [13]. The iPhone LiDAR has reported varying
resolutions, depending on the conditions under which scanning is
performed. For example, a 2.5cm resolution was achieved outdoors
at a scanning distance of one meter [28], but 1mm-1cm resolution
was achieved in optimal indoor lighting conditions [34]. Thus, even
if we are very accustomed to lighting and movements, as we also
experienced in our study, scanning an object of the size of a water
fountain should be feasible for the smartphone LiDAR.

An example of a Pompeian water fountain can be seen in Figure
1. On the left, we have a photograph of the fountain, and on the
right, captures of the 3D model from four di�erent perspectives. The
model as a whole (including parts of the terrain) has 6.5k vertices
and 11k polygons respecting 2.29MB �le size. During the experi-
ment, multiple similar fountains were scanned. On average, these
fountains are approximately 1.5-2 meters wide; the one presented
in the picture measures around 165cm on its longer side and 142cm
on its shorter side. Scanning a single fountain takes approximately
as long as it takes to walk around it at a steady, slow pace. With mul-
tiple tries to avoid any blind spots, an average experienced person
can scan a single fountain in around 10 minutes. Documenting a rel-
atively simple structure, such as a Pompeian water fountain, using
traditional methods, typically takes a few hours, depending on the
level of detail required. Smartphone-based scanning signi�cantly
reduces the time compared to traditional methods. Additionally, it
allows time to focus on details, such as decorations, during docu-
mentation work. Additionally, the measurements of LiDAR scans
are highly accurate, whereas drawings, which are based on fewer
measured points, cannot achieve the same level of accuracy.

6.2 Column Bases and Statues
To compare decorative stone and marble works on fountains out-
doors to pieces brought indoors in arti�cial lighting conditions, we
also scanned some column bases and statues in the Museo Arche-
ologico Nazionale di Napoli, Naples. Examples of those scans are
shown in Figure 2. It is noteworthy that the statues in the scans are
not signi�cantly smaller than the fountains. For example, a statue of
the lady on the right in Figure 2 is around 82cm from base to head.
The model of the lady contains 70,300 vertices, 127k polygons, and
a �le size of 3.63 MB, re�ecting the more complicated structure of
the scan compared to the fountain discussed in the previous section
and Figure 1. The dog status on the left measures approximately
46cm from base to head, with 28.9k vertices, 51k polygons, and a �le
size of 1.92 MB. The round column bases, decorated in all directions,
match the scan complexity of the dog statue. It is noteworthy that
these indoor scans provide very �ne detail and successfully capture
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Figure 1: Water fountain: on left a photo, on right screenshots of the 3D-model from four perspectives.

Figure 2: Screenshots from 3D captures: column bases and statues scanned in the Museo Archeologico Nazionale di Napoli.

even the most complicated positions of the statues, almost without
any �aws. This is surely due to soft, somewhat optimal spotlights,
also visible in the pictures.

It is noteworthy to mention that the items highlighted in this
section were freely sitting in the museum space. There was also
good walkable access around the object, making it possible to scan
comprehensively. Any objects behind glass panes were not success-
fully scanned, even when attempted, as the class re�ection does

not allow the scanning device to penetrate. Objects that are higher
than can be safely reached by an average-height person cannot be
processed. With these limitations, scans of the objects held by mu-
seums can be useful for archaeological research, as virtualization
enables further studies without touching the actual artifacts, such
as virtual recoloring, or even "returning" them to their respective
original locations within the virtual world.
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