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This paper analyses the geometric 
differences between traditional archi-
tectural documentation and terrestri-
al laser scanning (TLS) surveys of five 
European Gothic cathedrals: Girona, 
Mallorca, Narbonne, Laon and Char-
tres. Whereas historical drawings rely 
on idealised geometries that synthe-
sise a building’s spatial and construc-
tional logic, TLS records deforma-
tions, irregularities and construction 
tolerances that traditional methods 
rarely capture. The research com-
bines TLS campaigns, CAD redraw-
ing of historical documentation, and 
alignment and overlay procedures to 
compare historical plans and sections 
with point-cloud models. The results 
reveal a high degree of overall agree-

ment between the two approaches, 
although significant discrepancies are 
identified in certain geometric pa-
rameters, particularly nave heights, 
the positions of vault keystones, and 
specific irregularities arising from 
medieval construction processes. 
Narbonne Cathedral exhibits the 
greatest divergences from the his-
torical documentation, particularly in 
certain elements of the central nave 
and the study demonstrates that digi-
tal documentation technologies not 
only improve the metric accuracy of 
architectural heritage records but also 
serve as critical tools for reinterpret-
ing the relationship between ideal 
representation and built reality in 
Gothic architecture.
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Fig. 1. Models generated 
from the digitization of the 

five cathedrals examined 
in this study: 1) Girona 
Cathedral, 2) Mallorca 

Cathedral, 3) Narbonne 
Cathedral, 4) Laon 

Cathedral, and 5) Chartres 
Cathedral. Image produced 

by the authors.
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Introduction

Since the Middle Ages, Gothic cathedrals have 
been interpreted through geometry and graphic 
representation, from the drawings of Villard de 
Honnecourt to modern historiographical studies 
(Barnes, 2009; Ruskin, 1880). Architectural drawing 
has historically been a fundamental tool for docu-
menting, analyzing, and communicating knowl-
edge of how these buildings were constructed, pro-
viding a spatial synthesis of geometric, structural, 
and compositional principles. 

Subsequent studies have explored both the expres-
sive qualities of Gothic architecture and the geo-
metric characteristics of Catalan and French Goth-
ic architecture (Cirici Pellicer, 1968; Sureda, 2005; 
Adams, 1980; Berry, 1975; Bouxin, 1890; Plouvier, 
1997).

Traditional architectural representation through 
plans, sections, and elevations has provided a 
coherent and ordered reading of cathedrals, al-
though often based on idealized geometries. His-
torical surveys tend to correct deviations, regular-
ize axes, and simplify irregularities resulting from 
prolonged and complex construction processes 
(San José Alonso, 2018). Recent research on Girona 
Cathedral has demonstrated how the successive 
involvement of different master builders and ex-
tended construction periods generated geometric 
variations that are difficult to accommodate within 
a single ideal scheme (Rabasa Díaz & Alonso Ro-
dríguez, 2017; Moreno-García 2024). 

Similarly, specific studies of Chartres and Nar-
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bonne have highlighted the formal and symbolic 
complexity of particular architectural elements, 
such as triforia and the spatial systems of Goth-
ic naves (Bonjour & Petitdemange, 1996; Bunjes, 
1943; Laurent, 1887; Paul, 1991).

In recent decades, the development of terrestrial 
laser scanning (TLS) and digital documentation 
techniques has profoundly transformed architec-
tural surveying and the study of historic heritage. 
These methods enable the generation of highly 
accurate three-dimensional point clouds capable 
of recording deformations, construction toler-
ances, and geometric variations that are difficult to 
identify using traditional surveying methods (Ma-
taix Sanjuán et al., 2013; San José Alonso, 2018). 

Several studies have also demonstrated the poten-
tial of TLS for the geometric and structural analy-
sis of Gothic architecture, particularly in the study 
of vaults, arches, buttresses, and complex spatial 
systems (Moreno-García et al., 2022; Samper et 
al., 2022). Despite these advances, the relationship 
between the idealized geometries conveyed by 
historical documentation and the built reality re-
corded using TLS remains underexplored. In this 
context, this paper analyses the geometric differ-
ences between traditional architectural documen-
tation and contemporary terrestrial laser scanning 
surveys of the cathedrals of Girona, Mallorca, Nar-
bonne, Laon, and Chartres (Fig. 1). 

By comparing vectorized historical plans and sec-
tions with models derived from point clouds, the 
study examines how digital technologies enable 
the ideal geometries conveyed by architectural 
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historiography to be assessed against the digitally 
recorded built reality.

The aim is not to establish an opposition between 
historical representation and digital documenta-
tion, but to analyze how the two approaches can 
complement one another. 

While traditional drawings remain fundamental to 
understanding the design and compositional logic 
of Gothic architecture, TLS enables the precise re-
cording of deviations, irregularities, and transfor-
mations accumulated during construction process-
es. Combining the two approaches thus provides a 
more nuanced and accurate reading of historic ar-
chitectural heritage.

Fig. 2. The upper part 
shows an original drawing 
by Viollet-le-Duc depicting 
the principal architectural 
drawings of Narbonne 
Cathedral. The lower part 
presents the CAD vector 
reproduction prepared 
from this historical 
documentation. Image 
produced by the authors.
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1. Methodology

1.1. Selection and analysis of traditional architectural 
documentation

The study draws on a selection of traditional ar-
chitectural documentation from specialist litera-
ture and historical archives. For each of the five ca-
thedrals analyzed—Girona, Mallorca, Narbonne, 
Laon, and Chartres—a representative plan of the 
entire building and a section or elevation of one 
of the main bays of the central nave were select-
ed. These documents provide the basis for recon-
structing the idealized geometries conveyed by 
historiography and the tradition of architectural 
surveying.

For Chartres Cathedral, the sources consulted in-
cluded studies focusing on the spatial and sym-
bolic interpretation of the building, as well as 
research on specific architectural elements (Ad-
ams, 1980; Bonjour & Petitdemange, 1996, 1996; 
Bunjes, 1943). For Laon Cathedral, historical and 
architectural publications addressing both the 
building and its urban context were used (Berry, 
1975; Bouxin, 1890; Plouvier, 1997). For Narbonne, 
the documentary selection drew on studies of the 
construction of the east end and the formal analy-
sis of the projecting triforium (Laurent, 1887; Paul, 
1991), together with the acquisition of an original 
drawing by Viollet-le-Duc (Fig. 2).

For Girona Cathedral, recent research focusing on 
the geometric and constructional analysis of the 
building was used (Rabasa Díaz & Alonso Rodrí-
guez, 2017; Moreno-García, 2024), while the study 
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of Mallorca Cathedral drew on historical docu-
mentation and architectural surveys commonly 
used in research on Mediterranean Gothic archi-
tecture (Cram, 2015; Sureda, 2005).

All selected documents were redrawn in CAD vec-
tor format to standardize scales, graphic conven-
tions, and levels of precision (Fig. 3). This pro-
cess provided a consistent documentary basis for 
comparison with the models derived from point 
clouds acquired through terrestrial laser scanning.

1.2. Digitization campaigns and comparative procedure

The metric basis of the study consists of terrestrial 
laser scanning (TLS) campaigns carried out at the 
cathedrals of Girona, Mallorca, Narbonne, Char-
tres, and Laon between 2019 and 2026 (Table 1). 
Leica RTC360 and Leica BLK scanners were used 

Fig. 3. Plans and sections 
resulting from the CAD 
vector reproductions of the 
historical documentation 
for the five cathedrals 
analyzed. Image produced 
by the authors.
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Fig. 4. Longitudinal section 
of Narbonne Cathedral 

in vector format and an 
orthoimage generated from 

the point cloud acquired 
through terrestrial laser 

scanning (TLS). Image 
produced by the authors.
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Fig. 5. Plan of Girona 
Cathedral in vector 
format and an orthoimage 
generated from the point 
cloud acquired through 
terrestrial laser scanning 
(TLS). Image produced by 
the authors.
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across these campaigns to acquire dense point 
clouds of the interiors and accessible exterior ar-
eas, ensuring a level of geometric accuracy suitable 
for architectural analysis. Girona Cathedral was 
digitized in 2019, Mallorca in 2021, and Narbonne 
in 2023 using a Leica RTC360 scanner, while the 
campaigns at Chartres and Laon were conducted 
in 2026 using a Leica BLK scanner. The surveys 
prioritized the documentation of naves, tran-
septs, apses, and other areas of particular geomet-
ric complexity, such as vaults and structural junc-
tions. Scans acquired from the different positions 
were registered to generate unified three-dimen-
sional models, with registration errors of a few 
millimeters. In some cases, the TLS documenta-
tion was supplemented by photogrammetry to fa-
cilitate the interpretation of specific architectural 
elements (Mataix et al. 2013; San José 2018). Hori-
zontal and vertical slices were extracted from the 
registered three-dimensional point cloud models 
to obtain plans, sections, and orthoimages cor-
responding to the traditional architectural docu-
mentation. These documents were subsequently 
vectorized in CAD format to standardize scales, 
graphic conventions, and levels of precision (Figs. 
4–7). The historical documentation and the TLS-
derived models were compared through geo-
metric alignment and overlay procedures within 
a common reference system. In plan, alignment 
was based on the principal axes of the piers and 
the longitudinal axis of the nave, while floor lines, 
imposts, arch springing, and vault keystones were 
used as references in section. This procedure en-
abled the idealized geometries conveyed by his-
torical drawings to be assessed against the built 
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reality recorded using TLS, revealing deviations 
in alignment, variations in structural bay spacing, 
and geometric differences accumulated during 
medieval construction processes. 

Fig. 6. Plan of Narbonne 
Cathedral in vector 
format and an orthoimage 
generated from the point 
cloud acquired through 
TLS. Image produced by the 
authors.
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Cathedral Girona Mallorca Narbonne Laon Chartres
Scanning days 3 7 3 1 1

Scan positions 838 1250 613 236 260

Registration 
links 891 1491 734 278 327

Number of 
points 18M 21M 12M 32M 22M

Mean error 2 mm 4 mm 3 mm 4 mm 5 mm

Table 1. Parameters of the digitization campaigns for the five cathedrals.
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Results and conclusions

Following the application of the methodology 
described above and the overlay of the vector-
ized historical documentation and the models 
obtained through terrestrial laser scanning (TLS), 
subtle but significant geometric discrepancies can 
be observed between traditional representations 
and the built reality recorded in the point clouds 
(Figs. 8–10).

The differences identified were partly foreseeable, 
since the historical surveys were carried out using 
manual methods and served primarily represen-
tational and interpretative purposes rather than 
strictly metric ones. Nevertheless, the comparative 
analysis reveals geometric variations that become 
particularly relevant when assessed against highly 
accurate digital models. To ensure comparability 
between documents, alignment and scaling were 
performed using key architectural elements of 
each building as references. In plan, alignment 
was based on the width of the central nave and 
the principal axes of the piers, while in section, 
the structural bay spacing and the positions of the 
main load-bearing elements were used. This pro-
cedure minimized differences arising from the 
methods of representation and focused the analy-
sis on actual geometric variations.

The results of the plan comparisons show a high 
degree of overall agreement between the histori-
cal documentation and the TLS-derived models 
(Figs. 8–9). The discrepancies identified primarily 
involve slight deviations in pier alignment, small 
variations in the spacing of certain bays, and mi-

Fig. 7. Section of Mallorca 
Cathedral in vector 
format and an orthoimage 
generated from the point 
cloud acquired through 
terrestrial laser scanning 
(TLS). Image produced by 
the authors.
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nor differences in the geometry of some enclosing 
walls and side chapels. In most cases, these varia-
tions can be considered consistent with both the 
tolerances inherent in medieval construction pro-
cesses and the limitations of traditional architec-
tural surveying methods.

Narbonne Cathedral exhibits the most evident di-
vergences. In this case, the geometric differences 
observed in both plan and section are greater than 
those identified in the other buildings analyzed, 
particularly in certain elements of the central nave 
and the east end.

The differences are even more evident in the sec-
tion comparisons (Fig. 10). The greatest discrepan-
cies occur precisely in those parameters that are 
most difficult to determine using traditional tech-

Fig. 8. Plan overlays of 
the vectorized historical 

documents (shown in 
orange) and the models 

obtained through terrestrial 
laser scanning (TLS), shown 

in blue, for the cathedrals 
of Girona, Mallorca, and 

Narbonne. Image produced 
by the authors.
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Fig. 9. Plan overlays of 
the vectorized historical 
documents (shown in 
orange) and the models 
obtained through terrestrial 
laser scanning (TLS), shown 
in blue, for the cathedrals 
of Laon and Chartres. Image 
produced by the authors.

niques, such as nave heights, the exact positions of 
vault keystones, and the actual curvature of certain 
arches. In this respect, Narbonne is again the most 
significant case and is also the building with the 
tallest central nave among the examples analyzed.

Beyond the metric comparison, the study invites 
reflection on the nature of architectural represen-
tation itself. Historical documents should be un-
derstood not only as exact reproductions of built 
reality, but also as graphic interpretations intend-
ed to synthesize compositional, spatial, and geo-
metric principles.

By contrast, terrestrial laser scanning introduces a 
form of representation based on the precise cap-
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ture of large volumes of data, capable of recording 
deformations, asymmetries, and deviations accu-
mulated during the construction process.

The results show that the two approaches should 
be regarded as complementary rather than op-
posing. While traditional representation remains 
fundamental to understanding the design logic of 
Gothic architecture, TLS technologies allow these 
geometries to be assessed against the physical re-
ality of the building as constructed.

Combining the two approaches thus provides a 
more nuanced and accurate reading of historic 
architectural heritage and opens new avenues of 
research into the geometry and construction of 
Gothic architecture.

Fig. 10. Section comparisons 
between the vectorized 

historical documents 
(shown in orange) and the 
models obtained through 
terrestrial laser scanning 

(TLS), shown in blue. Image 
produced by the authors.
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