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a b s t r a c t 

This article presents a georeferenced dataset of 2D study 

models of the church of Sant’Andrea della Valle in Rome, 

a key monument of Theatine architecture. Integrating ar- 

chitectural, historical, and geospatial data, the dataset sup- 

ports interdisciplinary research, heritage documentation, and 

digital preservation. It originates from a 3D laser scanning 

campaign conducted in 2023, combined with archival and 

bibliographic investigations mapping Theatine settlements in 

Italy and abroad. Sant’Andrea della Valle was selected for its 

historical relevance and unresolved questions about its ar- 

chitectural evolution. The dataset includes a CAD file with 

2D restitution (bidimensional study model) derived from 3D 

point clouds, a GIS-compatible shapefile, and a KML file for 

Google Earth. The point cloud, captured with a Z + F 5016 

scanner, was aligned in Z + F LaserControl and processed 

in AutoCAD to produce plans, elevations, and sections later 

georeferenced in AutoCAD Map 3D; Georeferencing ensured 

spatial consistency and integration with other datasets for 

multi-scale architectural and urban analysis. Archival sources 

were digitized and linked to the spatial models, enabling re- 

construction of construction phases and stylistic evolution. 

The dataset supports architectural, historical, and urban stud- 

ies by providing standardized, reusable CAD, GIS, and KML 

formats. Despite some gaps in archival data and variable 

point cloud density, it offers a robust, reproducible basis 
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for analyzing Theatine architecture and preserving its her- 

itage through digital documentation. The georeferencing of 

the plan derived from the surveys can contribute to creat- 

ing a comprehensive, georeferenced mapping of all Theatine 

works in Italy and worldwide. 

© 2026 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC license 

( http://creativecommons.org/licenses/by-nc/4.0/ ) 
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Specifications Table 

Subject Social Sciences 

Specific subject area Architectural Heritage, Tangible Cultural Heritage, Geospatial Analysis. 

Type of data CAD (.dwg), processed; Shapefile (.shp), processed; KML (.kml), processed; 

Figures/Graphics (illustrative). 

Data collection The dataset comprises georeferenced 2D restitutions of the ground floor plan 

of S. Andrea della Valle, derived from a 3D laser scanning survey conducted 

with a Z + F IMAGER® 5016. The 2D plan was georeferenced in AutoCAD Map 

3D. Calibration and quality control ensured sub-centimetric accuracy, with a 

registration RMS residual error below 4 mm and point spacing of 6 mm. 

The dataset includes processed CAD (.dwg), Shapefile (.shp), and KML (.kml) 

files ready for reuse; the original raw point clouds are not included in the 

repository but are preserved by the authors and available upon reasonable 

request. 

Data source location Materials: Repository station, Department of History, Representation and 

Restoration of Architecture, Piazza Borghese 9, Rome. 

Institution: Sapienza University of Rome. 

City: Rome. 

Country: Italy. 

Geographic coordinates (WGS84): Latitude: 41 °54 ꞌ14 ꞌꞌN; Longitude: 12 °28 ꞌ34 ꞌE 
Data accessibility Repository name: Zenodo - Project CHANGES - Cultural Heritage Active 

Innovation for Next-Gen Sustainable Society. License: CC BY 4.0 

Data identification number: 10.5281/zenodo.17508809 

Direct URL to data: https://doi.org/10.5281/zenodo.17508809 

Related research article Cecconi N., Carafa P. (2025), From Data to Context: Interoperable Datasets for 

Assessing, Reconstructing, and Valorising the Landscape and Tangible Cultural 

Heritage of Southern Umbria. https://doi.org/10.5281/zenodo.174 4 4629 

. Value of the Data 

• This manuscript provides a standalone description of the dataset, including detailed doc-

umentation of data acquisition, processing, and georeferencing, allowing immediate reuse

without consulting external sources. All data presented are original and have not been pub-

lished previously. 

• This dataset provides a curated, georeferenced, and interoperable set of 2D architectural mod-

els of the church of Sant’Andrea della Valle in Rome, derived from high-resolution 3D laser

scanning and integrated archival research. It details data acquisition, processing, georeferenc-

ing, and formatting, allowing researchers to understand, reproduce, and reuse the dataset

without consulting external documents. 

• The primary users of this dataset include: architectural historians analyzing construction

phases, stylistic evolution, or structural relationships; GIS and geospatial analysts integrat-

ing historical and urban data for spatial analysis; digital heritage researchers developing vi-

sualization, reconstruction, or analytical tools; conservation authorities and cultural heritage

managers using accurate spatial data for planning, monitoring, and documentation; urban

planners and policy makers interested in integrating historic buildings into larger urban re-

silience or planning studies. 

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.5281/zenodo.17508809
https://doi.org/10.5281/zenodo.17508809
https://doi.org/10.5281/zenodo.17444629
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• This dataset can be reused for a range of applications, including: comparative studies of The-

atine architecture in Italy and abroad, using georeferenced floor plans; benchmarking and

validation of digital survey workflows, point cloud processing, or georeferencing methods;

integration with GIS layers for urban morphology, cadastral studies, or historical cartogra-

phy; 3D reconstruction and virtual heritage projects, where 2D georeferenced plans provide

an accurate base; educational and outreach purposes, including interactive visualization in

Google Earth or digital teaching modules. 

• Currently, no dataset provides georeferenced 2D representations of Sant’Andrea della Valle

in interoperable CAD, GIS, and KML formats suitable for integration with other architectural

or urban datasets. This dataset addresses that gap by providing a ready-to-use, standardized,

and cross-platform resource, enabling reproducible analyses and long-term preservation of 

the church’s architectural heritage. 

2. Background 

The research presented here is part of the broader framework of Spoke 8 – PE5 CHANGES,

which promotes the sustainable enhancement of cultural heritage through innovative digital

documentation and representation strategies. The study focuses on the church of Sant’Andrea

della Valle in Rome, one of the most significant Theatine architectural complexes, aiming to

develop an integrated workflow that combines historical, architectural, and technological disci-

plines. This broader framework provided the foundation for the present study, which applies and

refines the CHANGES methodologies through the integration of geo-environmental, historical,

and topographical datasets into an interoperable digital infrastructure. This interdisciplinary ap-

proach allows for a detailed and dynamic understanding of Theatine sacred architecture, where

each phase of documentation contributes to a comprehensive interpretation of the monument.

The methodology is designed to integrate heterogeneous sources: bibliographic, iconographic,

and philological data are associated with 3D metric information obtained from high-resolution

laser scanning, producing a unified and accessible digital knowledge base. A central innovation

of the project lies in the georeferencing of 1D, 2D, and 3D models derived from historical docu-

ments and 3D point cloud data. Through this process, particularly in this study, the 2D represen-

tations of the church are anchored to their real-world spatial coordinates, ensuring the consis-

tency of spatial data across digital platforms. This enables advanced analyses, from spatial corre-

lation with urban morphology to the integration of architectural datasets into larger geospatial

frameworks for research and conservation. Furthermore, the georeferencing of the plan derived

from survey can support the creation of a comprehensive, georeferenced mapping of all Theatine

works in Italy and worldwide. 

3. Data Description 

The basilica of Sant’Andrea della Valle, located in the Sant’Eustachio district of Rome, stands

as one of the most significant examples of late Renaissance and early Baroque architecture in the

city. Its construction began in 1591, based on designs by Giacomo della Porta and Gian Francesco

Grimaldi, and was largely financed by Cardinal Alessandro Peretti di Montalto, nephew of Pope

Sixtus V. The project originated from the will of the Theatine Order —founded by Gaetano Thiene

and the future Pope Paul IV, Gian Pietro Carafa— to establish a monumental church in central

Rome. Carlo Maderno resumed the works in 1608, enlarging the transept and designing the im-

pressive dome, once among the largest in Rome. The travertine façade, completed between 1655

and 1665 by Carlo Rainaldi, embodies the dynamic chiaroscuro and sculptural effects typical

of the Baroque style [ 1 ]. The church has a Latin cross plan with a wide nave and richly deco-

rated chapels, creating a grand and theatrical spatial effect [ 2 ]. Today, Sant’Andrea della Valle

remains not only a place of worship but also the general seat of the Theatine Order, preserving
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Table 1 

Overview of the spatially referenced ground floor plan dataset components. 

File Format Content Geometric Detail / Scale Attribute Fields Intended Use / 

Reuse Scenarios 

Ground floor 

plan 

CAD (.dwg) 2D vector 

restitution plan 

from 3D point 

cloud survey 

Architectural scale 

(1:50), high geometric 

precision suitable for 

detailed architectural 

analysis 

N/A (vector 

geometry only) 

Architectural 

analysis, 

integration with 

GIS datasets, 

conservation 

planning 

GIS 

representation 

Shapefile (.shp) Architectural 

footprint of the 

church 

Same as CAD; 

polygonal 

representation of walls 

and key architectural 

elements 

ID, Feature_Type, 

Floor_Level 

Spatial analysis, 

urban integration, 

GIS mapping, 

comparative 

studies of Theatine 

churches 

Visualization KML (.kml) Georeferenced 

church plan for 

Google Earth 

Medium scale, suitable 

for urban and 

educational contexts 

Minimal (name 

and ID for 

placemarks) 

Educational 

outreach, public 

engagement, 

virtual tours, 

integration with 

historical maps 
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n extraordinary historical and artistic heritage that reflects the religious patronage of Counter-

eformation Rome. 

.1. Dataset: Spatially referenced ground floor plan 

The dataset developed for the basilica consists of three main digital components, designed

or interoperability, reusability, and cross-platform integration within different analytical envi-

onments. 

Below, a summary table provides a clear overview of each dataset component, including

ontent, geometric detail, intended scale, attribute information, and potential reuse scenarios

 Table 1 ). 

The core element is a georeferenced CAD file (.dwg) created using AutoCAD Map 3D 2025

n the EPSG:3004 coordinate reference system (Monte Mario / Italy Zone 2). This file contains

he bidimensional study model of the church —the ground floor plan— derived from the 3D

oint cloud survey and restituted into precise vector geometry suitable for both architectural

nd geospatial applications. The same dataset is replicated in Shapefile (.shp) and KML (.kml)

ormats to ensure accessibility and visualization across multiple platforms. The Shapefile pro-

ides a GIS-compatible representation of the architectural footprint of Sant’Andrea della Valle,

tructured according to a consistent coordinate system to enable integration with urban, infras-

ructural, and cadastral datasets within GIS environments such as QGIS or ArcGIS. The Shape-

le includes a concise attribute table, with fields ID (unique identifier), Feature_Type (e.g., wall,

hapel, nave, dome) and Floor_Level (ground floor). The KML file, instead, allows visualization

f the church within Google Earth, extending the dataset’s usability beyond specialized software

nd promoting dissemination for educational and outreach purposes. CAD and Shapefile main-

ain sub-centimetric accuracy suitable for architectural-scale analysis (1:50), while the KML file

s optimized for visualization at city or neighbourhood scale, suitable for educational or outreach
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use. The dataset is fully compatible across platforms and can be transformed or reprojected

into alternative coordinate reference systems, including WGS84 (EPSG:4326) and RDN2008 /

UTM Zone 32 N, ensuring adherence to international geospatial standards. Transformations from

EPSG:3004 (Monte Mario / Italy Zone 2) to RDN2008 and WGS84 were performed using the

VertoOnline service of the Italian Military Geographic Institute (IGM; https://www.igmi.org/it/

descrizione- prodotti/elementi- geodetici- 1/verto- on- line ), which implements the official national

grid conversions between Monte Mario and RDN2008 or WGS84. This guarantees both the trace-

ability and reproducibility of the results, achieving sub-metric accuracy suitable for WMS (Web

Map Service). Future updates to the dataset are anticipated, including additional surveys of other

Theatine churches or integration of more detailed archival information, maintaining georeferenc-

ing consistency and interoperability across platforms. Together, these files form an interoperable

and georeferenced dataset that links architectural geometry, spatial positioning, and documen-

tation, supporting both academic research and the digital management of cultural heritage. Each

dataset component is directly linked to the reuse scenarios described in the “Value of the Data”

section. 

The dataset consists of processed and curated spatial data, specifically georeferenced 2D resti-

tutions of the church of Sant’Andrea della Valle provided in CAD (.dwg), GIS Shapefile (.shp), and

KML (.kml) formats. These files represent derived data, obtained through post-processing and

vectorization of high-resolution 3D laser scanning point clouds. These processed datasets are

publicly available through the Zenodo repository under the CHANGES Project. The original raw

point cloud, acquired during the 2023 survey campaign, is not included in the public repository,

as the focus of this article is on georeferenced 2D study models and their interoperability. These

raw data are preserved by the authors and can be shared upon reasonable request for research,

validation, or methodological comparison purposes. This structure ensures transparency and re-

producibility, clearly distinguishing between publicly shared processed datasets and non-shared

raw data, while providing conditions for access to the latter. The manuscript focuses solely on

describing and enabling reuse of the georeferenced 2D datasets, without duplicating any reposi-

tory metadata or external interpretations. 

4. Experimental Design, Materials and Methods 

The methodological framework takes shape from procedures developed within the CHANGES

Project (Spoke 8 – Sustainability and Resilience of Tangible Cultural Heritage) and from the data

management principles proposed by Carafa and Bianchini (2025) [ 3 ]. It combines bibliographic

and archival research, spatial analysis, and digital harmonization in a georeferenced CAD–GIS en-

vironment, facilitating the transition from diverse source collection to their integrated interpre-

tation and spatial representation [ 4 ]. All processed datasets described in this article are publicly

available through the Zenodo repository under the Project CHANGES. The repository includes the

georeferenced CAD (.dwg), Shapefile (.shp), and KML (.kml) files corresponding to the ground

floor plan of the church. The 3D laser scanning point clouds, while not included in the public

repository, are used in this article exclusively for illustrative purposes to document the survey

process and data quality ( Figs. 1 , 2 ). These visualizations do not constitute shared datasets or

derived analytical results. 

The methodological workflow is described in a sequential and detailed manner to ensure

transparency, reproducibility, and ease of replication by the research community. 

4.1. Preliminary researchand datacollection 

Following the established methodological framework, an extensive bibliographic review and

archival research campaign were undertaken. The relevant documentary materials are currently

dispersed across multiple repositories, including the General House of the Theatine Order at

https://www.igmi.org/it/descrizione-prodotti/elementi-geodetici-1/verto-on-line
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Fig. 1. The 3D point cloud of the church of Sant’Andrea della Valle, a perspective view in reflectance mode, it derives 

from a screenshot elaborated by authors of the point cloud using Autodesk Recap. The point cloud is shown for illustra- 

tive purposes only; the raw data are not included in the public dataset. 

Fig. 2. The 3D point cloud of the church of Sant’Andrea della Valle, a cross section in RGB mode, it derives from a 

screenshot elaborated by authors of the point cloud using Autodesk Recap. The point cloud is shown for illustrative 

purposes only; the raw data are not included in the public dataset. 
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ant’Andrea della Valle, the State Archives of Rome, and the Vatican Apostolic Archives. The ab-

ence of a unified inventory complicated the acquisition process, necessitating a multi-source

trategy to verify known documents and identify previously unpublished material. Both pub-

ished and unpublished documents —ranging from construction records to historical drawings

nd iconographic representations— were catalogued in a dedicated digital database, developed

ithin other research projects and case studies following the same methodological framework

 5 ]. This ongoing process is progressively enabling the reconstruction of the church’s building

hronology, highlighting successive architectural transformations from the 16th century to the

resent. The data organization phase is currently underway, focusing on harmonizing textual,

raphical, and spatial information to enable cross-disciplinary analysis. From a methodological

erspective, this systematic approach to data collection and organization represents a signifi-

ant advancement toward an interdisciplinary and interconnected model for studying Theatine
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Cultural Heritage, combining historical research with digital technologies for documentation and

analysis [ 6 ]. 

4.2. 3D surveyand 2D restitution 

The 3D laser scanning campaign conducted in 2023 served as the foundation for the geo-

metric and spatial dataset. Using the phase-based Z + F IMAGER® 5016 3D scanner, the church

was captured from 120 scan stations, producing point clouds with an average spacing of 6 mm

to ensure complete spatial coverage of interior and exterior spaces. For reproducibility, the 3D

scanning acquisition was conducted under controlled settings using the Z + F IMAGER® 5016,

with default laser intensity and exposure parameters. Each scan station was positioned to en-

sure ∼30–40 % overlap with adjacent scans. The resulting point cloud —comprising millions of

spatially referenced points— provides a metrically accurate record of the monument’s current

condition ( Figs 1 , 2 ). While the 3D point cloud constitutes a raw, objective, and metrically ver-

ifiable dataset derived directly from instrumental acquisition, the 2D restitution represents a

secondary interpretative product, dependent on methodological choices, projection criteria, and

the expertise of the operator. 

Post-processing operations included point alignment, registration, and noise reduction, pro-

ducing a clean and unified 3D model [ 7 ]. Registration accuracy was assessed through RMS error,

calculated as the root mean square of residual distances between overlapping scans in LaserCon-

trol, yielding a residual alignment error below 4 mm, ensuring both high relative and absolute

metric reliability for subsequent 2D restitutions and georeferencing. The intrinsic precision of

the Z + F IMAGER® 5016 further supports the reliability of the 3D dataset, while the result-

ing 2D restitutions retain a spatial resolution of approximately 5–10 mm, suitable for detailed

architectural-scale analysis. Point clouds were processed in Z + F LaserControl (v2.8.1), using de-

fault noise filtering and registration tolerances adjusted to ±2 mm for optimal accuracy. This

digital representation serves as both a spatial archive and the basis for generating bidimensional

study models [ 8 ]. The high precision of the point cloud enables detailed analysis of architectural

deformations, construction phases, and structural relationships among building components. The

2D restitution phase transformed the 3D survey data into bidimensional study models in CAD

format ( Fig. 3 ). The process involved orthogonal projection of the point cloud sections to pro-
Fig. 3. . 2D restitution of the ground floor plan of Sant’Andrea della Valle based on the 3D point cloud survey, derived 

from the CAD file included in the dataset and produced by the authors. 
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uce accurate floor plans, elevations, and cross-sections. In the case of the ground floor plan,

he section was taken at a height of approximately 190 cm above the floor, a deliberate choice

o highlight the complexity of architectural elements, the detail of decorative features, and the

patial projection of the vaults. To preserve the correct alignment of building elements, local UCS

User Coordinate Systems) were carefully assigned in AutoCAD according to the main architec-

ural axes, ensuring that all 2D projections remained consistent with the original geometry and

acilitating accurate integration with GIS datasets. The drawing was carefully validated against

etric references extracted directly from the 3D model to ensure dimensional consistency. The

idimensional models provide a clear and interpretable representation of the church’s architec-

ural geometry, serving as a bridge between metric data and historical interpretation. They also

onstitute the primary source material for the georeferencing, and GIS integration phases de-

cribed below. 

.3. Georeferencing in autoCAD Map3D 

The project tackled the challenge of integrating heterogeneous spatial data by adopting geo-

eferencing as a common framework, thereby ensuring that all datasets referring to the same

hysical structure were aligned within a consistent geographic reference system [ 9 ]. 

The first dataset to be georeferenced consisted of the bidimensional models derived from

he 3D point cloud survey, specifically the ground floor plan, which served as the geometric

oundation for subsequent spatial integration. 

This 2D representation was positioned within the defined coordinate system to establish a

etrically accurate and spatially coherent base layer [ 10 ]. This step was crucial for enabling the

lignment of additional datasets, such as historical cartography, GIS layers, and archival doc-

mentation, within a unified geospatial environment, ultimately allowing for cross-referenced

nalysis between the architectural geometry and its historical and urban context. 

The georeferencing procedure was implemented using AutoCAD Map 3D to spatially align the

idimensional CAD drawings with real-world coordinates. Georeferencing in this environment

nvolves assigning geographic coordinates to each point within the CAD model, effectively situ-

ting the digital representation of the church in its true spatial context ( Fig. 4 ). 

Once created, the dataset can be reprojected into other coordinate reference systems, includ-

ng RDN2008, using the VertoOnline service provided by the Italian Military Geographic Institute.

The procedure followed these steps: 

1. Acquisition of geospatial reference data, including cadastral maps and satellite imagery (e.g.,

Esri Open Street Map or Esri Imagery), corresponding to the church’s actual geographic posi-

tion. 

2. Definition of the coordinate system, employing a projection consistent with cartographic

standards (Monte Mario / Italy Zone 2). 

3. Alignment of the CAD drawing with the reference data using identifiable control points (e.g.,

architectural corners, façade axes), ensuring accurate positional correspondence. 

4. Validation of alignment accuracy through residual error checks and overlay visualization. 

5. Export of georeferenced data into GIS-compatible formats (.shp) and visualization formats

(.kml) for use in Google Earth in WGS84 coordinate reference systems ( Fig. 5 ) and other

mapping applications. 

Through this process, the bidimensional study models are embedded within a geospatial

ramework, enabling their integration with other digital datasets, such as urban morphology,

adastral boundaries, or historical cartography. The resulting georeferenced dataset thus sup-

orts multiscale analysis, from the architectural to the urban level, facilitating both scholarly

esearch and heritage management. 
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Fig. 4. Ground floor plan of the church aligned with Microsoft Bing Aerial satellite imagery within AutoCAD Map 3D. 

The image represents the georeferenced CAD environment included in the dataset and was produced by the authors. 

Fig. 5. Insertion of the ground floor plan of the church (.kml file) into Google earth, in WGS84 coordinate reference 

systems. The image represents a dataset output and was produced by the authors. 
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onclusion 

The Sant’Andrea della Valle dataset represents a significant step toward the integration of

rchitectural representation and geospatial data in the study of Theatine heritage. By combin-

ng 3D laser scanning, bidimensional restitution, and georeferencing, the project establishes a

obust methodological framework for documenting, analyzing, and disseminating architectural

nowledge. 

The resulting georeferenced 2D restitutionmodels are not only a precise representation of

he church’s current condition but also a foundation for further digital applications–, such as

D reconstructions, GIS-based historical analyses, and interactive visualization. The inclusion of

nteroperable formats (.dwg, .shp, .kml) ensures accessibility and long-term preservation, foster-

ng both scientific reuse and public engagement. Ultimately, this datasetcontributes to advancing

he digital documentation of sacred architecture, offering a replicable model for the sustainable

alorization of cultural heritage through data-driven methodologies. 

imitations 

• Temporal constraints: the dataset reflects the church’s state as captured during the 2023 3D

survey; any structural changes or restorations occurring after that date are not included. 

• Point cloud density variability: certain areas of the building, particularly difficult-to-access

interiors or high ceilings, may have lower point cloud density, potentially reducing local ge-

ometric precision in the derived 2D models. 

• Georeferencing accuracy limitations: although control points were used to align the CAD

models, small residual errors in georeferencing may exist due to discrepancies between his-

torical maps, satellite imagery, and survey measurements. 
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