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Abstract – Artistic surfaces at the Bishop’s Palace of 

Frascati have been investigated by an integrated 

approach involving different non-invasive 

technologies. Information on previous restoration 

actions are reported in this paper. 

 I. INTRODUCTION 

In the frame of the ADAMO project (Analysis, 

Diagnostic and Monitoring for the Cultural heritage 
conservation and restoration), financed by Lazio Region 

for Technological Cultural District (DTC Lazio), a 
campaign of measurements has been developed at the 

Bishop’s Palace of Frascati, ancient fortress of the town 

near Rome, in the past, and domicile of  Episcopal 

Tuscolana Diocese nowadays. The measurements have 

been performed, in order to check  the state of the 

previous restoration work. Following the requests of the 

holder of the Palace, particular attention has been 

devoted, in this study, to the investigation of the so called 

“stufetta” room at the ground floor of the Palace (Fig.1), 

and the “Landscape room”,  adorned with framed views 

of garden, at the first floor.  An integrated investigation 

approach has been adopted involving different 
technologies and instruments with the common 

characteristic to be non-invasive at all. A LIF (Laser 

Induced Fluorescence) system developed at Diagnostic 

and Metrology Laboratory of ENEA, already applied as 

diagnostic tool in Cultural Heritage investigations, has 

been used. Thanks to its unique properties of being a non-

destructive and non-invasive remote technique, with no 

sampling requirements, based on transportable or portable 

instruments that can provide first results in real time, LIF 

is a suitable tool also for the characterization of valuable 

and unmovable targets [1,2]. LIF technique has been 
already successfully applied in archaeological sites, 

making available useful information to the restorers [3,4]. 

The validity of the technique as diagnostic tool for 

artworks of different materials, like paintings, wood and 

stone, has been also demonstrated [5,6,7]. The LIF 

instrument is able to acquire fluorescence spectra and 

generate multispectral images for obtaining component 

materials maps of the investigated surface, useful for the 

identification and the characterization of materials of 

interest. This technology worked, in this study,  in 

synergy with other non-invasive techniques, suitable for 

localizing the bio-deteriorated areas and the added 

restoration materials as well as to focus some details to 
support and integrate the experimental results. In 

particular,  SfM (Structure from Motion) technique [8] 

was used to obtain the 3D photogrammetric 

reconstruction of the painted vault of the “stufetta” and 

the RGB-ITR 3D laser scanner prototype was used for 

digitalizing the “Landscape Room”. This 3D laser 

scanner has been already used for remote diagnostic of 

cultural heritage [9,10]. The obtained results highlighted 

the localized presence on the surface of different 

materials, due to retouching or consolidating processes, 

also in areas where significative differences are not 

appreciable by naked eye. Deterioration phenomena, 
mainly due to environmental humidity, have been in 

addition localized by the systems also in some points 

where they were not clearly evident, suggesting the 

possibility of damage early detection. The combined use 

of the different instruments offered several advantages. In 

particular, the possibility  to overlap the LIF spectral 

maps to the 3D photogrammetric model, obtained in a 

short medium range of distance, and to the 3D laser 

colored model obtained by RGB-ITR scanner, also in 

case of low light conditions, allowed to perfectly localize, 

also at great distances, the points on the surface submitted 
to degradation actions. The available techniques for the 

bio-degradation characterization and monitoring [11,12] 

can be supported by the presented approach. Moreover, 

the ability of measuring in situ, remotely, besides to 

assure the complete non-invasiveness, eliminates the use 

of scaffolds, reducing the time and the cost of the 

analysis. The results of the proposed integrated approach 

can be of great usefulness for the site conservation 
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Fig. 1. Stufetta vault at the Bishop’s Palace of Frascati. 

 

 

helping in monitoring the degradation processes and 
identifying the most correct restoration process in very 

rapid time.  

 II. EXPERIMENTAL 

 A. LIF system 

The system applied in this work for fluorescence 

measurements is the ENEA prototype LIF line scanning  

system, in which a cylindrical lens in the optical path 

modifies the shape of the laser beam on the target from a 

point to a line. This system, shown in Fig.2 during the 

measurements at the Palace, is described in detail in 

previous published papers [13,14]. The improvement of 

the optical system together with the new rotating 

mechanical assembly induce the considerable reduction 

of the scan time, 1.5×5m2 scanned in less than 2 minute at 

25 m, respect to previous developed similar systems [15], 
making this instrument particularly suitable for large 

areas analysis. The handling of motorized optics by 

software permits the laser beam, working in this case at 

the wavelength of 266 nm, with a repetition rate of 20 Hz, 

pulse duration of 10 ns and energy of 1.2 mJ, to carry out 

a scan of the surface. The whole fluorescence spectrum in 

the 270-900 nm range for every examined point and 

fluorescence images of the scanned surface are generated 

by the system. Fluorescence images can be elaborated 

and reconstructed in false colour by using the three most 

intense detected bands, corresponding to the main 

features, as Red, Green and Blue channels (RGB), 
respectively. The LIF measurements have been 

performed in this case at a distance from the target of 

about 3 meters.  

 

 

Fig. 2. LIF system operating at the Bishop’s Palace of 

Frascati. Laser beam line visible on the left wall. 

 

 B. Photogrammetry 

The photogrammetric scanning of the stufetta tunnel 

vault was carried out by Nikon D60 reflex digital camera 

with a resolution of 10.2 MPixel. 2D digital images were 

remotely post-processed by Photoscan Pro,  via Internet, 

through IT@CHA virtual lab, completely dedicated to 

cultural heritage applications. IT@CHA was developed 

for accessing, via web, to graphic codes, processing 

digital images and producing 3D spatial data by 

hardware/software capabilities of the High Performance 

Computing (HPC) ENEA ICT Infrastructure named 

CRESCO, (Research Computational Centre on Complex 
Systems) distributed over 6 geographical sites in Italy. In 

addition the CRESCO system allows to handle heavy 

jobs for 3D reconstructions by providing facilities in 

computing, storage resources and 3D data rendering tools 

[16]. 

 C. RGB-ITR 3D laser scanner 

The RGB-ITR (Red Green and Blue – Imaging 

Topological Radar) is a LIDAR scanner based on the 

amplitude modulation of laser beams and lock-in 

technique for both colour and structure information 



 
 

Fig. 3. 3D photogrammetric reconstruction of the stufetta 
tunnel vault. 

 

estimation [17]. This instrument can work during 24 

hours without the influence by external factors, like the 

variability of the ambient light factors. Differently from 

other laser scanners, the RGB-ITR system drives the 

beam on the surface drawing a TV-like raster, which 

ensures the same resolution on the lateral walls and the 

top. The entire digitalization was performed placing the 

scanner in the middle of the room and rotating the optical 

head when the entire field of view was punctually 
covered by the laser beams. Also if in this particular case 

the laser scanner operated approximately at a distance of 

5m, the instrument can operate up to 35m. The resulting 

spot size of the three super-imposed laser beams was 

0.3mm, while the spatial resolution was set at 0.5 mm as 

a good compromise between the scanning time and the 

image resolution. During the acquisition phase a linear 

calibration procedure was completed: it consists in 

illuminating by the laser beams a calibrated white target 

at several distances; the resulting curves are used during 

the post-process phase for normalizing the colour 

channels values. The Landscape Room, with a size of 
about 10x10x3 m3, was digitalized in 4 days without the 

influence by ambient light, the sun during the day and the 

artificial lights during the night.  

 III. RESULTS 

More than one hundred 2D digital images of 8MB 

each, with zoom and focus held constant, were taken by 

the photogrammetric scanning in the stufetta tunnel vault. 

The post processing phase released a full 3D 

reconstruction as it is shown in  Fig.3. The 3D real scaled 

model allows to focus some details to support and 

 
 

Fig.4. False colour LIF image, reconstructed at 

300,400,500 nm, on the left; photogrammetric image 

with measured area in the yellow, on the right. 

 

integrate the other NDTs measures and experimental 

results [18]. In Fig.4, the false colour LIF image, 

reconstructed at 300, 400 and 500 nm, is reported on the 

left. The relative photogrammetric image, with the 

measured area highlighted in the yellow line, is reported 
as reference on the right. As can be observed, some 

details not appreciable by naked eye have been put in 

evidence. In particular, the presence of a different 

material has been revealed in correspondence with the 

eyes of the angel, in blue in the LIF false colour image. 

By analysing the LIF spectra resulting from these points, 

it can be observed a narrow intense emission band at 380 

nm (Fig.5, lower spectrum), ascribable to the presence of 

restoration materials probably containing zinc oxide,  as 

suggested  by the database developed in laboratory for 

cultural heritage in similar experimental conditions. Also 
in the chest some details have been put in evidence by the 

fluorescence images, but the relative spectra are 

composed by different emission bands, making probable 

a different  composed restoration material, with low 

concentration of zinc oxide, to be present. Such material 

has been found also in other parts of the analysed surface.   

The presence of bio-deterioration has been also detected 

by the measurements. A grid of cell size equal to 0.05 

meter was defined in the lunette above the angel in the 

photogrammetric model to monitor the areas affected by 

humidity over time (Fig.6). LIF measurements allowed to 
detect the presence of bio-deterioration, not only in those 

areas where it is visible by naked eye, but also in some 

areas where it is  not visible absolutely. LIF spectrum 

associated to such degradation is characterized by the 

emission band at 550 nm (Fig.5, upper spectrum) that



 
Fig.5. LIF spectra related to areas with presence of  bio-

deterioration (upper spectrum) and restoration material 

(lower spectrum). 

 

 

Fig.6. Photogrammetric real scaled 1:1 details of the 

lunette. 

 

results absent in the LIF spectra collected by the non-
deteriorated areas. This result, allowing the 

discrimination between  deteriorated and non-deteriorated 

area also when the biodegradation is not visible, suggests 

the possibility of a preventive monitoring to reduce the 

eventual induced damage. The Landscape Room has been 

also investigated. As for the tunnel vault, the laser 

induced fluorescence maps were referenced to the 3D 

model. In this case, the RGB-ITR laser scanner has been 

used (Fig.7). The partial 3D model reconstruction of the 

room is reported in Fig.8. In this case, the LIF system 

didn’t detect any degradation or restoration evidence on 

the painted walls and the emission bands in all the 

 

Fig.7. RGB-ITR operating in the Landscape Room. 

 

 

Fig.8. Partial 3D model reconstruction of the Landscape 

room obtained by the RGB-ITR scanner. 

 

collected spectra could be ascribed to cellulose, due to the 

substrate mainly composed of textile. In Fig.9, the false 

color LIF image of a detail on the painted left wall is 

shown next to the RGB-ITR image, as an example. 

Differently, by analyzing the painted wooden fire screen 

in the room, the LIF results highlighted the discontinuity 

of the surface materials. In Fig.10, beside the RGB-ITR 

image on the left, 380/450 nm fluorescence image of 
area, in the yellow line on the left side of the figure, is 

reported on the right. As can be observed, added 

materials, probably due to restoration actions and/or 

degradation processes, have been localized also in this 

case by LIF analysis even if they are not visible by naked 

eye in some points. Moreover, a post processing analysis 

of the RGB-ITR 3D models has been developed in order 

to carry out the circumscription of the areas of interest 

and to evaluate the eventual modifications respect to  

images collected in previous periods. The monitoring of 

the degradation processes could be provided in this way 
by repeating the measurements at different times. 



 
 

Fig.9. RGB-ITR image, with measured area in black, on 

the left; false colour LIF image, reconstructed at 

300,400,500 nm, on the right. 

 

 

 

Fig.10. Fire screen RGB-ITR image (left); 380/450 nm 

LIF image of the analysed area, in the yellow line, 

(right). 

 IV. CONCLUSIONS 

The validity of the integrated approach developed in 

this work as non-invasive diagnostic tool has been 
demonstrated by the obtained results. The capability to 

localize areas where bio-deterioration processes are 

growing and where restoration materials have been 

applied in previous conservation actions has been 

verified. The collected data attested the good quality, in 

some cases, of the restoration actions performed during 

the previous years at the Bishop’s Palace. Used materials 

and techniques proved to be perfectly suitable for some 

retouches and integrations. However, degradation 

processes due to the environmental humidity have been 

highlighted by the investigation. The possibility of a 
preventive monitoring by the application of the presented 

approach to reduce the eventual induced damage has been 

put in light. 
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