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Article 
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Using Thermal Images: The Palacio de Colomina as a  
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* Correspondence: giacomo.patrucco@polito.it 

Abstract: In the framework of built heritage monitoring techniques, a prominent position is occu-
pied by thermography, which represents an efficient and non-invasive solution for these kinds of 
investigations, allowing the identification of phenomena detectable only in the non-visible range of 
the electromagnetic spectrum. This is of extreme interest, especially considering the possibility of 
integrating the radiometric information with the 3D models achievable from laser scanning or pho-
togrammetric techniques, characterised by a high spatial resolution. This paper aims to illustrate 
how combining different geomatics techniques (in particular, by merging thermal images, laser 
scanning point clouds, and traditional visible colour photogrammetric data) can efficiently support 
historical analyses for studying heritage buildings. Additionally, a strategy for generating HBIM 
models starting from the integration of 3D thermal investigations and historical sources is proposed, 
concerning both the multi-temporal modification of the volumes of the building and the individual 
architectural elements. The case study analysed for the current research was the Palacio de Co-
lomina in Valencia, Spain, a noble palace—now the headquarters of a university—that, during the 
last few centuries, has been subjected to considerable transformations in terms of rehabilitation 
works and modification of its volume. 

Keywords: cultural heritage; data fusion; thermal images; photogrammetry; non-invasive  
diagnostic; non-destructive testing (NDT); HBIM 
 

1. Introduction 
In the last few years, we have witnessed the increasing use of many different sensors 

for the documentation and analysis of built cultural heritage, ranging from measurement 
tools over multiband and multispectral imaging, thermography and many more [1–3]. 
The integration of different sensors, techniques and 3D sensing strategies has become a 
standard for multi-scale and multi-source documentation processes [4]. Currently, true 
scale documentation of the status quo is typically carried out using laser scanning [5] or 
photogrammetry by means of digital cameras, following a terrestrial approach (close-
range photogrammetry) [6] or using UAV (unmanned aerial vehicle) systems, that in re-
cent years have become increasingly popular in the framework of built assets documen-
tation [7]. Both techniques can provide accurate and high-resolution point clouds, giving 
the basic data for as-built CAD (computer-aided design) plans, or might be used in a scan-
to-BIM workflow to create a digital derivate/digital twin in the form of a historic building 
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information model (HBIM) [8]. In this way, visible details captured by the point cloud, 
proved and extended by information of extensive on-site observations, are mainly consid-
ered. However, for an adequate investigation of the history of a building with several 
constructive changes over time, a combination of different sensor techniques, historical 
sources and other scientific disciplines is mandatory [9–11]. 

Among others, infrared thermography (IRT) represents a powerful tool in the frame-
work of building physics and in the field of cultural heritage monitoring [12–15], where it 
is mainly used for the non-destructive and contactless observations of occluded construc-
tion details and the detection of damage underneath the object surface. Anna Luib [16] 
gives a recent overview with basic information, many sample applications, best-practice 
guidelines and an overview of European institutes involved in research focused on the 
use of IRT for built heritage. 

However, the biggest problem of thermal imaging is still the lack of sufficient sensor 
resolutions to capture bigger areas as a whole. Resolutions of around 1 to 3 megapixels 
only allow a low-spatial overall observation, or single detail images are needed to focus 
on small areas. A combination of several thermal images can solve this problem, as well 
as the integration of IRT imagery and 3D metric data characterised by a higher spatial 
resolution [17–19]. Different ways to process the data are as follows. Adamopoulos and 
Rinaudo gave an overview of different ways of close-range sensing data fusion [3]. Adam 
Dlesk et al. [20] presented a photogrammetric combination using a thermal camera with 
an integrated RGB camera. The estimated internal orientations of the two cameras were 
calculated and one of the RGB bands was replaced by the monochrome thermal image 
before aligning the images. Patrucco et al. [21,22] presented an SfM-based (structure-from-
motion) photogrammetric workflow to map oriented thermal images on 3D surface mod-
els generated by high-resolution visible colour images acquired from a UAV system. 

In this research study, two different workflows for the combination of thermal im-
ages with photogrammetry will be further developed, and a data fusion strategy with 
laser scanning and visible images will be presented, giving rise to the possibility of com-
bining high-resolution surface measurements with a bundle of thermal images. In this 
preliminary part of the research, one of the main purposes is the evaluation of the effec-
tiveness of both workflows, in connection with the specificities of the proposed case study, 
the flexibility of the two approaches, the manual involvement of the operator and the 
quality of the final results. The first strategy is based on processing a block of TIR images 
following an SfM-based photogrammetric pipeline, to orient a thermal dataset in the same 
reference system of LiDAR (light detection and ranging) scans and oriented visible im-
ages, exploiting the higher spatial resolution of these kinds of data to perform an effective 
data fusion between geometry and the information connected to the radiometry. The sec-
ond strategy is based on the projection of a thermal texture—derived from a mosaicking 
procedure—on a dense and accurate 3D model derived from a LiDAR point cloud. 

By combining several thermal images to represent a single façade or even the entire 
building, the lack of resolution will be compensated, and the level of thermal details will 
increase. Hereby the radiometric data will be mapped on true scale 3D measurements 
allowing a correct scaling and location of all information. Furthermore, the thermal 3D 
model and thermal orthoimages will be transferred into an HBIM, following a scan-to-
BIM workflow [22–25]. Within the HBIM, the data fusion of geometry, visible colour, ra-
diometry and historical sources will be processed. Combining all this information metri-
cally correct in one information system may help heritage experts in the analysis and de-
cision-making processes. Specifically, one of the aims of the current research is to demon-
strate how this combination of heterogeneous—geometric, radiometric, historical, etc.—
data in a reality-based HBIM can efficiently provide valid support to historical analyses. 
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2. Materials and Methods 
In the subsequent sections, the image-based and range-based methodologies will be 

presented. Therefore, the acquisition of the primary data, including the point clouds de-
rived from the terrestrial laser scanning system, the digital visible colour images, the ther-
mal infrared (TIR) images, and also the processing of the data, will be shown. 

2.1. Case Study 
The Palacio de Colomina (Colomina Palace) served as a case study for this research. 

It is located in the monumental area of the historic city centre of Valencia, Spain. Notable 
buildings are grouped in the surrounding area, such as a cathedral, several churches, no-
ble buildings and other notable buildings related to civil architecture, such as old endow-
ments. 

The building, known as the Palace of the Marchioness of Colomina (Palacio de la mar-
quesa de Colomina), is located on Almudín Street No. 1. It is a large building that occupies 
the entire block, emphatic and prismatic, whose façades reveal its eclectic and, therefore, 
19th-century origin. Its decoration is very austere and of classical type, being placed only 
on the windows and gates. The streets that delimit the building, in addition to Almudín 
Street to the south, are El Salvador Street to the east, and Weight of Flour Street, which 
adopts the shape of an “L” and to which the north and west façades fall. The closest mon-
umental building to the palace is the great almudin of the city, located in front of the east 
façade of the Colomina Palace and separated from it by the Salvador Street. The almudin 
is a building of medieval origin, of modest construction, in these buildings “(...) the utili-
tarian aspect prevailed over the monumental value” [26], was intended for the sale of 
wheat that arrived in the city, and grew in size over the centuries to occupy its own city 
block. 

The Weight of Flour Street alludes to a presently non-existing endowment. There are 
neither engravings, photographs of this building, nor publications that describe its ap-
pearance, even in the Historical Archive of Valencia, which guards medieval documents. 
However, it appears on several old maps of the city centre, the 18th-century plan by 
Tomás Vicente Tosca in 1704, and the Valentia Edetanorum vulgo del Cid by J. Fortea in 
1738 [27]. In this sense, very few Valencians, seeing the name of the street, imagine that 
the Weight of Flour building existed, but no one knows what it looked like, and that, un-
der the present eclectic decoration of the Colomina Palace (Figure 1), its original medieval 
façade remains. 
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Figure 1. Colomina Palace (southern façade). 

The current appearance of the building, obviously, is not what it was in its medieval 
origins and is the result of its architectural evolution as a “house of the weight of flour”. 
In the 19th century, the building passed into private hands. Therefore, it had to adapt to 
its new use and the new fashion. The only existing documentation on the palace of the 
Marquesa de Colomina consists of two façade proposals, one of them not carried out 
(dated June 1863) (Figure 2a) and the one finally carried out (dated December 1863) (Fig-
ure 2b). Both were the work of the architect Manuel Ferrando, and their main difference 
is that the one in June has two floors and a semi-basement, while the one in December has 
a ground floor and two upper floors. 

 
Figure 2. (a) First proposal for the western façade, dated June 1863. Semi-basement, ground floor 
and main floor (this solution was not built); (b) Second project proposal for the western façade, 
dated December 1863. Ground floor and two floors. Architect Manuel Ferrando. Municipal Histor-
ical Archive of Valencia, Urban Police box No. 97, year 1863. 

2.2. Data Acquisition 
In order to support the following data merging operations between geometric and 

radiometric data, a complete 3D metric survey was necessary to obtain the geometric base 
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Figure 4. Solar path scheme from one of the days on which the TIR images were collected. 

As well as the acquisition of the visible images, the presence of neighbouring build-
ings represented one of the crucial problems encountered during the TIR image acquisi-
tion operation. As mentioned above, the criticality is related to the reduced acquisition 
distance (4–5 m) (Figure 5a) due to the proximity of other buildings (concerning three out 
of four sides of the surveyed monument). Additionally, this difficulty was further accen-
tuated by the camera’s limited FoV, considering the relatively long focal length (45 mm, 
significantly higher compared with the 24 mm focal length of the lens equipped on the 
DSLR camera). As a result of the described acquisition conditions, each image covered 
only a restricted and very limited portion of the considered façade (Figure 5c). Addition-
ally, as well as the previous photogrammetric acquisition, the images of the higher part of 
the building were considerably foreshortened and characterised by a high perspective dis-
tortion (Figure 5b). 

 
Figure 5. (a) TIR image acquisition scheme; (b) example of a thermal image acquired, of the upper 
area of the façade, and, therefore, characterised by a high perspective distortion; (c) example of a 
thermal image acquired, corresponding to the first floor of the building, covering only a limited 
portion of the façade. 

For this reason—and due to the difficulties in acquiring the TIR images following the 
well-known photogrammetric criteria as high convergence, high overlapping, etc.—only 
a portion of the dataset was collected with the aim of using it for photogrammetric pur-
poses. In particular, the photogrammetric acquisition was conducted for the southern fa-
çade, the only façade where it was possible to increase the acquisition distance due to the 
partial absence of surrounding buildings, with the exception of a small building on the 
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the case of the southern façade dataset (21 images), the average acquisition distance was 
approximately 20 m, while the estimated average GSD (ground sample distance) was ca. 
5.3 cm. Instead, the photogrammetric datasets acquired on the other sides of the Palacio 
(e.g., the dataset of the northern façade upper area, composed of 18 images) were collected 
from an average acquisition distance of about 5–7 m, while the estimated GSD was ca. 1.5–
2 cm. Regarding the southern façade, the RMSE (root mean square error) after the bundle 
block adjustment was 0.009 m—concerning the GCPs—and 0.033 m—concerning the 
ChPs; regarding the upper area of the northern façade, the RMSE observed on the GCPs 
was 0.004, while the RMSE observed on the ChPs was 0.015 m. These values were higher 
than those observed during the processing of the visible dataset, but they were coherent 
with the lower resolution of the TIR images—affecting the manual collimation of the 
points—and the higher GSD. 

 
Figure 7. (a) Oriented block of thermal images following an SfM-based pipeline (upper area of the 
central modules of the northern façade; (b) oriented block of thermal images following an SfM-
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Figure 10. (a) LiDAR point cloud; (b) LiDAR point cloud (photogrammetric integration with colour 
images); (c) LiDAR point cloud (photogrammetric integration with TIR images). 

Regarding the second workflow used to generate TIR orthophotos, it should be noted 
that exploiting the mosaicking procedure for the generation of a thermal texture was a 
generally less precise solution, in comparison with the photogrammetric approach. Fur-
thermore, it represented a time-consuming alternative, since it required significant man-
ual involvement of the operator. In contrast, in the case of the SfM-based approach, the 
homologous points were automatically matched during the keypoints extraction phase, 
leading to an automatic orientation of the images. 

Additionally, the metric products—specifically the orthoimagery—derived from this 
strategy, were represented by rendered images where the temperature was expressed by 
a pseudocolour palette and not by the digital number; contrary to the orthomosaic derived 
from the SfM-based approach. 

However, it should be noted how the second workflow was more flexible, and how 
it was possible to be applied to the building in its entirety, allowing the generation of high-
resolution orthoimagery of all the four façades of the Palacio de Colomina (Figure 11), 
while the photogrammetric pipeline allowed the achievement of good results for only 
some portions of the surveyed façades. 
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Figure 11. Orthophotos achieved from the integration of the 3D mesh derived from the LiDAR point 
cloud and projected TIR images after the mosaicking process, aimed at the generation of a thermal 
texture. 

3.2. Parametric Modelling 
In a parametric modelling applications framework, a building is divided into volu-

metric elements with identical parameters [33,34]. The composition of these individual 
parametric objects represents a building in a building information model (BIM) or historic 
building information model (HBIM). Within this HBIM environment, combining different 
metric data—e.g., point clouds derived from laser scanning technologies or photogram-
metry—and archival information of a historic building in a layer-based system, is possi-
ble. In addition, it is possible to automatically create sections, elevations, and details of 
any part of the building. A further powerful application of this technique is represented 
by the possibility of producing a timeline with different epochs represented by individual 
3D models related to transformations of the building during its life cycle. As a result, it is 
possible to visualise and analyse the volumetric changes of a building. Furthermore, or-
thographic projections and 3D models (such as wireframe and textured models) can be 
linked and visualised in the HBIM [35]. Additionally, to provide a comprehensive repre-
sentation of the architectural heritage, it is also mandatory to include as much information 
related to its history, condition and environment as possible [36]. Such information and 
further sources can be linked to the single elements inside the HBIM. In this way, HBIM 
is a powerful tool for the combination of metric and geometric data with archival sources, 
thus, making it useful for the presentation, management and monitoring of historic build-
ings [37,38]. 

In this study, HBIM combined the individual data from terrestrial laser scanning, 
photogrammetry, thermography and existing architectural plans in a digital database. The 
BIM platform Autodesk Revit 2021 was used. First, the parametric 3D model of the outer 
façades of the Palacio was built based on the geometric data of the LiDAR point cloud. 

After the modelling phases in Revit, the documents related to each façade were 
added and archived in the parametric model. In addition to the LiDAR point cloud, or-
thoimages of the thermography of each façade, the historical plans from 1863 and the con-
dition mapping of 1995 were metrically corrected and imported as individual layers (Ta-
ble 2). 
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Table 2. Overview of the Palacio de Colomina façades considering the parametric model, the pri-
mary data used during the modelling phases (e.g., LiDAR point clouds and thermal orthoimagery), 
and the historical sources. 

 
Parametric 

Model  
LiDAR 

Point Cloud 
Thermal 

Orthophoto  
Historical 
Plan, 1863��

Condition 
Mapping, 1995 

North 
façade 

     

East 
façade 

 
    

South 
façade 

   .   

West 
façade 

     

4. Discussion  
With the aim of performing a comparison between the achieved point clouds (LiDAR 

point cloud, photogrammetric point cloud derived from visible colour images, photo-
grammetric point cloud derived from thermal images), a density analysis (by means of 
the number of neighbours approach) was performed using the open-source software 
CloudCompare v. 2.11 Alpha. In this analysis, a sphere (with a radius defined by the user) 
was computed for each point, and the number of points inside the sphere were measured. 
In this case, the selected radius was 0.2 m. 

As it is possible to observe in Figures 12 and 13, the denser and more detailed point 
cloud was the LiDAR point cloud, even after the decimation process (as expected, the 
point cloud was denser in those areas closer to the laser scanner stations during the acqui-
sition, specifically the centre of the façade and the lateral areas, near the corners). The level 
of detail was appreciable also in the visible colour photogrammetric point cloud, although 
it was possible to find many areas characterised by high levels of noise due to the presence 
of surfaces (explicitly corresponding to the plastered walls) that represented a challenge 
for the photogrammetric approach (vid. Section 2.3.2). 

Concerning the photogrammetric data derived from the SfM-based processing of the 
TIR images, from a preliminary visual inspection, it appears evident that the thermal point 
cloud was characterised by a lower level of detail and a high level of noise, coherently 
with the limited spatial resolution of the TIR images. This aspect becomes even more evi-
dent by comparison with the LiDAR point cloud, which can be observed in Figure 12. 
Moreover, as it is possible to follow in Figure 13c, the thermal point cloud was signifi-
cantly less dense than the others. 

It should also be noted that in both the colour point cloud and the thermal point 
cloud, the left side was more poorly reconstructed (presenting holes, gaps, and lack of 
information). This was due to the fact that, as previously mentioned, the left side of the 
Palacio was partially covered by a small building that prevented, in that area, increasing 
the image acquisition distance. For this reason, the images on the left side of the 3D model 
were less convergent, leading to a noisier and less complete 3D reconstruction. 
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Figure 12. On the left, LiDAR point cloud of the southern façade. On the right, photogrammetric 
dense point cloud derived from TIR images. 

 
Figure 13. Density analysis. (a) LiDAR point cloud; (b) dense point cloud derived from colour im-
ages; (c) dense point cloud derived from TIR images. 
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In this case, both the adopted strategies aimed at integration of LiDAR data and TIR 
images (SfM photogrammetry and texture projection, Figure 15) enabled us to spatialise 
the hidden elements on the 3D surface, representing a significant advantage during the 
3D modelling phases. 

 
Figure 15. Projection of the TIR image evidencing a thermal discrepancy in the eastern façade, co-
herent with the presence of the remains of a previous frame of one of the main floor windows. 

However, for a correct interpretation of the anomalies to distinguish between niches 
and obliterated windows, a comparison with archive data helps. To initialise modifica-
tions and renovations of the Palace, CAD plans with condition mapping were created in 
1995. On the eastern façade, two glass housings of the central balconies are shown (Figure 
16). Such housings were typical in Valencia during the first half of the 20th-century and 
are still preserved in many other buildings. They were used to enlarge the room by in-
cluding the balcony. Therefore, the wall was opened to the entire width of the balcony. 
The shape of anomalies A and C detected in the TIR data (Figure 14) well fits the frame of 
the wooden housing shown in the plans. Two more pieces of information were given in 
the plan. First was the reason why the housings were removed during the renovation, as 
their construction was indicated as being in poor condition “agrietamiento carpinteria”. Sec-
ond was the former opening of the wall to the entire width of the balcony, mentioned by 
a horizontal cutout of the wall “Degüello horizontal muro”. This means the housings were 
removed during the renovation, and the openings in the wall were closed to fit the win-
dow frames. Therefore, other materials were used, causing the thermal differences. 

 
Figure 16. (a) CAD drawing of the eastern façade in 1995 before renovation. The two central win-
dows of the second floor are shown with a glass housing, which was later removed; (b) front view 
of the housing; (c) side view. Architect Francisco Esquembre Casañ. Intermediate Municipal Archive 
of the Valencia City Council. Urban Police, file number 608, year 1995. 
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In order to stress the effectiveness of the possibility of matching historical documents 
in a BIM environment, an example is proposed regarding the thermal anomalies detected 
on the east façade. While overlaying the thermal information and the historical plans, a 
direct comparison was much easier, and the location of the thermal discrepancies “A” and 
“C” could be analysed in connection with the condition mapping of 1995 (Figure 17). 

 
Figure 17. Eastern façade. Superimposition of different data in the HBIM environment: (a) condition 
mapping from 1995; (b) TIR orthoimagery showing the thermal anomalies (different temperature 
scales); (c) virtual reconstruction of the “A” and “C” anomalies according to the historical plan and 
further reconstruction of the central “B” anomaly. 

The cause of the thermal anomaly “B” remains unclear. The discrepancy shape is 
coherent with a horizontal line ending in an arch. Within the HBIM, it is possible to model 
virtual reconstructions. In this way, the thermal anomaly was reconstructed together with 
the changes in the central windows (Figure 17c). Based on this virtual reconstruction, the 
anomaly can be better discussed. There are two possible interpretations: in the first, the 
anomaly could be interpreted as a niche in the façade, which is common in similar exam-
ples in Valencia (Figure 18). However,, as observed in the virtual reconstruction, the niche 
would not fit symmetrically into the façade, shifting out of the central axis. Therefore, a 
connection to the visible façade representing the construction of 1863 with perfect sym-
metries is unlikely. This leads to the second interpretation. The anomaly may have been 
caused by an occluded window of an earlier construction of the building. This would be 
an indication that structures of previous buildings are still preserved underneath the 
shape of the 1863 façades.  



Remote Sens. 2022, 14, 5699 20 of 23 
 

 

 
Figure 18. Decorative niches on the façade of the Boil de Arenós Palace, Street of Libreros, Valencia. 

Additionally, another thermal discrepancy was detected, suggesting a modification 
of the building volume, as observable in Figure 19. In this case, a significant difference in 
temperature (ca. 5–6 °C) was observed between the second and the third floors of the 
northern and the western façades (Figures 13 and 19). The phenomenon appears con-
sistent with an enlargement of the Palacio with an additional floor using different materi-
als, characterised by a significant emissivity difference. Together with the detection of the 
hidden arch (Figure 17), this observation proves the existence of two levels of a prelimi-
nary building, preserved under the actual façades. This is coherent with the information 
derivable from the 18th-century plan from Tomás Vicente Tosca in 1704 and the Valentia 
Edetanorum vulgo del Cid from J. Fortea in 1738 [27] where the building was shown with 
only two floors and a smaller volume. Furthermore, the integration of former construc-
tions could be the reason why the first proposal for the renovation in 1863 (Figure 2a) was 
rejected. The first draft from June 1863 was characterised by only two floors, but it in-
cluded a basement. If the preliminary building did not have a basement, completely new 
construction would have caused much higher effort and costs, especially compared with 
the re-use of existing constructions that were enlarged with a third floor on top. 

 
Figure 19. (a) TIR image of the northern façade upper area, evidencing a remarkable thermal dis-
crepancy between the second and the third floor (approximately 5–6 °C); (b) 3D data integration 
between the LiDAR point cloud and TIR images through SfM photogrammetric processes, evidenc-
ing a thermal discrepancy between the second floor and third floor. 

5. Conclusions 








