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Summary: The aim of the Romal50 project is to disseminate the cartographic, photographic
and historical culture of Rome over the last 150 years; it is configured as an open portal
with shared access by users and citizens. Unifying in a single web GIS a whole series of
territorial documents of various origins and realised in various epochs required a work of
geodetic and photogrammetric reconstruction of the original data projection and acquisition
systems.

Introduction

Historical cartographies and photogrammetric imaging are invaluable documents for understanding
the past, as they represent not only the geographical knowledge of the era in which they were created
but also allow for statistically rigorous quantification of changes over time. They offer a window
into territorial, urban, and environmental transformations, providing a detailed picture of the land-
scape and infrastructure of previous periods. Historical coverages implemented in GIS or Web GIS
are becoming fundamental tools for various fields of study, including history, archaeology, urban
planning, and historical geography.

The georeferencing of these cartographies in web-based Geographic Information Systems (GIS)
has revolutionised the way they are analysed and utilised. This process should enable the overlaying
of historical coverages with modern territorial databases, facilitating comparison and spatial analy-
sis. To ensure these analyses are rigorous and statistically accurate, it is necessary to accurately
reconstruct the horizontal and vertical reference systems and cartographic projection systems.
During the “Romal50” project, which involved the creation of an open web GIS for consultation
and updating by end users, particular attention was given to the study of geodetic aspects and pho-
togrammetric techniques to reconstruct the geometry of aerial photographic acquisitions. The pro-
ject, by its very definition, covers the period from 1870 to the present day. Over this time span,
different reference systems, projections, and realizations have succeeded one another, ranging from
the first photographic captures from balloons to satellite and drone acquisitions.

Accurate geometric modelling is the only rigorous key to making data comparable with precision,
and it often requires a reconstruction effort in itself. For instance, the planimetric datums used be-
fore 1940 are not historically certain, and similarly, the references of the altimetric network before
1942 are neither historically verified nor materialised.
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Material and methods

ROMA150 provides open access to an important collection of digitised aerial photographs and his-
torical cartographies, as well as perspective photos, iconographic documents, and films, from
sources saved in the collections of numerous project partners.

Based on the potential of Geographic Information Systems (GIS), the portal integrates spatial in-
formation of a historical nature with different levels of spatial and information detail, but also re-
ferring to different geodetic datums (fig.1).

The technological innovation of the project is represented by the implementation in the web-GIS of
the “fourth dimension’, time, which makes the dynamic visualisation of georeferenced historical
material possible.
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Figure 1: Detail of the 1866 ‘Pianta Topograflca di Roma’ within the Romal50 website

Particularly within the ROMA150 interface, historical layers are available that cover the entire city
or its centre. Additionally, there are representations of parts of the municipal territory that focus on
specific dynamics such as the construction of major infrastructures or significant urban modifica-
tions. More specifically, the most extensive layers are organized into two menus: “Fotopiani” (Pho-
toplans) and “Piani regolatori” (Master Plans). The former includes photomosaics of historical aer-
ial acquisitions of the entire municipal area, currently available and provided by various project
partners. The latter offers the main historical cartographies representing the city of Rome during
the period that the ROMA150 site aims to represent and study.

To accurately geometrically frame these two categories of historical layers, different considerations
must be made due to their differing acquisition techniques and geometries.

Cartographies currently implemented and their metric characteristics
Regarding cartographies, it is essential to consider that any geometric representation of the territory
requires establishing a geodetic datum and a projection. The geodetic datum generally involves

defining a reference ellipsoid and its orientation or positioning. Even in historical times, making
topographic surveys required some assumptions in this regard, at least an origin point, an orientation
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direction, and the dimensions of the reference surface. The same applies to the projection, i.e., the
method by which measurements taken on the reference surface are transferred to the mathematical
plane materialized by the cartography itself.

We can say that before creating a large-scale cartography, there was always a geodetic moment,
although the cartographers or topographic surveyors of the time might not have called it that. In
some cases, simplified choices were adapted to small extensions, but the final map's geometry and
its correspondences with what was surveyed on the ground were still determined. Reconstructing
these strategies and choices is the first step to understanding the original geometry and extracting
from the cartographies all the original survey accuracy, which in many cases is absolutely compa-
rable to modern cartographies. In the recovery works of historical cartographies present in the lit-
erature, the initial part of the research is dedicated to the possible reconstruction of the original
reference and projection systems (Timar, 2023; Delcev et al., 2014; Morillas-Torné et al., 2023;
Bozzano et al., 2024; Zatelli et al., 2019; Gobbi et al., 2019) to reproject the cartography into more
modern reference systems, enabling the comparative analysis of urban evolution. In the ROMA150
project, all layers and documents included have been reprojected into the currently most interna-
tionally used cartographic system, namely UTM WGS84, specifically EPSG code 6708 based on
the “RDN2008” realization in zone 33 (IGM, 2022).

Of the cartographies currently loaded on the ROMA150 site, the oldest is the "Topographic Map of
Rome," published in 1866 by the "General Census Directorate™ at a 1:4000 scale. Although it
slightly predates the complete unification of Italy and, thus, the period ROMA150 aims to study, it
was included as it is nearly contemporary with the beginning of the period and thus a valuable
testimony of the urban layout when Rome became Italy's capital. The next map is the "Master Plan
and Expansion of the City of Rome" from 1882 at a 1:2000 scale, representing the city's situation
twelve years after its unification with the rest of the country, showing the first modifications of the
new capital.

Despite being large-scale, both these cartographies lack references to their reference system and the
cartographic projection used (fig.2).
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Figure 2: Detail of the scarce description (metadata) of 1866 ‘Carta del Censo’ within the Romal50 website
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Considering the geometric accuracy of the map, the choice of datum and projection (as already
mentioned) was certainly made at some point, but such indications were not considered necessary
to pass down. Therefore, the only way to manage and georeference these maps is by using a good
number of ground control points (GCPs), i.e., points that are identifiable with certainty on the map
and still currently detectable, uniformly distributed across the entire map. Note that since control
points must have an accuracy greater than that of the cartography to be georeferenced, the only
rigorous way to acquire the reference points' coordinates is by conducting a differential GNSS sur-
vey with at least double the cartography's accuracy, as successfully experimented in previous re-
search on large-scale historical cartographies (Baiocchi et al. 2014).

The subsequent two cartographies, in chronological order, are the 1908/9 and 1931 master plans.
These two maps represent an important phase of urban fabric modification and share the same car-
tographic base made by the Military Geographic Institute (IGM) (Loperfido, 1908; Mori, 1922). In
this case, some indications of the geodetic phase of the cartographies' design are reported on the
map itself (fig.3), while others are in the documentation produced at the time by the surveyors
(Loperfido, 1908). The two maps, along with an intermediate realization from 1912, have already
been studied in previous research (Baiocchi et al. 2013) and will not be repeated here. It is only
intended to emphasize that despite longitude being counted from Monte Mario, it is not the Roma
40 Datum developed more than 30 years later by Prof. Boaga (1943).
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Figure 3: Detail of the geodetic and altimetric information from the 1908 IGM cartography

It is also useful to add that the altimetric reference system of these cartographies is not directly
comparable to the Italian national altimetric network established by IGM in 1942, based on obser-
vations from the Genoa mareograph then in use. The estimated difference between these two alti-
metric systems in Rome is several tens of centimeters (Alimonti et al., 2021). This value was ob-
tained through an extensive comparison based on the differences between all the elevation points
and contour lines of this cartography and those of a corresponding contemporary vector cartog-
raphy. For further details on this experimentation, please refer to the specific literature references
(Alimonti et al., 2021). The elevation differences between altimetric reference systems are often
quite significant and greater than what users typically expect. These differences can arise from var-
ying reference points (in Rome, prior to these two datums, the Ripetta port level was often used as
the altimetric reference, being the city's lowest point), different execution and compensation of the
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leveling network, or sea level variations. It is particularly important to keep this aspect in mind
because elevations are often used for historical correlations, but one must always ensure that the
elevations being studied are genuinely comparable. Even the analyses of altimetric variations in
excavations and other urban changes can be influenced by such errors, often leading to incongruent
results. In this research, we considered the known altimetric systems used during the study period,
acknowledging that the first period, undoubtedly involving an altimetric system established by the
Papal State, is not entirely clear and documented from this perspective.

Aerial Images

After the first brief (and, according to some, unsuccessful) flight by the French pilot DeLagrange
in May 1908, the first true aerial campaign in Rome was conducted by the Wright brothers, who
flew multiple times between April 15 and 27, 1909, taking off from the plain that would later be-
come the Centocelle airport, as well as other areas prepared for this purpose (Shepherd, 2004). On
April 24, 1909, it was from one of these equipped runways on the Via Appia that, according to
some, the first aerial cinematographic acquisition was taken, depicting the area of the current Ap-
pian Way Park and the roman aqueducts. Actually, aerial photos of the Roman Forum area had
already been taken from a hot air balloon in 1900 (La Repubblica, 2012), making it perhaps impos-
sible to determine which was the first aerial acquisition of the city of Rome.

In the current phase of the Romal50 website development, aerial photos are available under the
“Fotopiani” (Photoplans) menu. This term should more appropriately refer only to rectified aerial
photos without corrections for elevation variations in the area acquired in the photo. Given that the
initial aerial coverages on the site (1919, 1937, and 1943) were likely orthorectified using this pro-
cedure, it is reasonable to assume that subsequent coverages (1956, 1969, 1998, and 2005) were
probably rigorously orthorectified. Since the original images with the original photogrammetric
accuracy were not available for many coverages, the term "Fotopiano” was used to indicate that
these coverages do not have the positional accuracy that rigorous processing could have provided.
To explore the potential for correctly modelling large amounts of photogrammetric acquisitions,
new photogrammetric techniques specifically applied to this type of archive were tested (Catalyst,
2021). Specifically, the British Royal Air Force (RAF) aerial flight was tested, for which some
frames scanned with the entire frame and the focal length of the lens were available. The results
obtained are certainly interesting, with automatic reconstruction of the orthorectified image.
Unfortunately, this methodology was not widely applied to other coverages due to the lack of nec-
essary metadata and original acquisitions.

In the subsequent menus (“Quartieri”, “Fiumi, parchi, costa”, “Infrastrutture, industrie e servizi”)
individual aerial photographs (or mosaics of two three acquisitions) are available that represent
specific focuses on areas of particular historical interest, as in figure 4 where an aerial shot of the
area of the 1944 excavation of Ostia Antica can be seen.

Due to their origin and the final purpose of the website, these aerial images were also quickly
georeferenced but not rigorously orthorectified.

Vectorial Layers
After these two menus, two more menus (“Luoghi” e “Percorsi tematici”) highlight specific

points, routes or areas linking the location to documents or events in the city. These placements
were made on the basis of the observation of modern background maps which, as anticipated,

[126]



e-Perimetron, Vol. 19, No. 3, 2024 [122-128] www.e-perimetron.org | ISSN 1790-3769

are georeferenced in UTM WGS84 and therefore there was no need to reconstruct any historical
reference system
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Figure 4: Aerophotogrammetric view of the archaeological excavations in Ostia Antica (1944)

Discussion and conclusions

The reconstruction of the original reference systems is always the path that must at least be at-
tempted when managing historical cartography. In this context it is necessary to reconstruct, where
possible, geodetic datum and projection systems. This process is necessary in order to extract from
the cartographies themselves all the geometric accuracy they contain, very often absolutely com-
patible with that of modern surveys and cartographies.

The same can be said for historical aerial images, where, however, rigorous reconstruction is even
more complex because it is necessary to have rigorous rasterizations of the original acquisitions that
are often not available. Consider that in order not to lose the original accuracy it would be necessary
to use photogrammetric scanners on the original films, but this is very often not possible. Further-
more, in the case of aerial photos it would be necessary to reconstruct the internal orientation of the
camera or, at least, the focal distance of the lens.

On the whole, the realisation of the Romal50 project made it possible to reconstruct and, above all,
to compare historical and territorial information on the city, using the positions of the objects and
on the cartographies as the key to research.

However, the structure of the project allows for continuous updating, improvement and above all
the integration of new data also by the end users who are an active part in the realisation of this
project.
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