UnverstTa peeL Stuoi or Ursino “Carto Bo” = | 18™ - 19™ Ocroser
ScuoLa o1 ConservazioNE E Restauro Der Ben Cutrurar |

Image analysis applied to the planning of a canvas painting
restoration intervention

Amura Annamaria, Landi Luisa, Pisani Luigi, Soro Maria Veronica, Stefano
Pagnotta, Zantedeschi Giorgia

Abstract: This work proposes a methodology of digital analysis of the state of conservation of a canvas painting to solve difficulties
related to the pictorial reintegration of paintings that present an excessive number of different lacunae in terms of size and extent. The
case study is related to the small-size oil on canvas painting executed by an unknown artist, where the lacunae were challenging to
analyze and localize graphically. Therefore, it required a careful evaluation of the approach to be used during the pictorial reintegration
intervention. Using an image analysis method, based on the semi-automatic extraction approach, the state of conservation’s graphic
relief outlining different virtual operating proposals was obtained.
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Anadlisis de imagen aplicada a la planificacion de una intervencion de restauracion de pintura
sobre lienzo

Resumen: En este trabajo se propone una metodologia de analisis digital del estado de conservacién de un lienzo con el fin de resolver
algunas dificultades relacionadas con la reintegracion pictérica de pinturas que presentan un excesivo nimero de diversas lagunas en
términos de tamano y extension. El caso de estudio en concreto es un éleo sobre lienzo de pequefio tamafo realizado por un artista
desconocido, donde las multiples areas con dichas lagunas se caracterizan por bordes complejos dificiles de analizar, clasificar y de
localizar graficamente. Requerian de una evaluacién cuidadosa del método a usar durante la intervencién de reintegracion pictoérica.
A través del uso de métodos de analisis de imagenes, hemos extraido de forma semiautomatica el relieve grafico del estado de
conservacion, trazando diferentes propuestas operativas virtuales.

Palabras clave: reintegracion de color, anélisis de imagen, propuesta virtual, raster para vector, diagndstico imagen

Analise deimagem aplicada ao planeamento de uma intervencao de restauro de pinturas sobre
tela

Resumo: Neste trabalho, propomos um método de analise digital do estado de conservacdo de uma tela, a fim de resolver algumas
dificuldades relacionadas com a reintegragdo pictérica de pinturas que apresentam um numero excessivo de diferentes lacunas em
termos de tamanho e comprimento. O estudo de caso concreto é um 6leo sobre tela de pequena dimensao realizado por um artista
desconhecido, onde as multiplas dreas com lacunas se caracterizam por bordos complexos, dificeis de analisar, classificar e de localizar
graficamente. Requeriam uma avaliacdo cuidadosa do método a ser utilizado durante a intervencgao de reintegracdo pictorica. Através
do uso de métodos de andlise de imagem, extraimos semi-automaticamente o grafico do estado de conservacgdo, trazendo diferentes
propostas operacionais virtuais.

Palavras-chave: reintegracdo de cores, anélise de imagem, proposta virtual, raster para vetorial, imagem de diagnéstico
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Introduction

Restoring the picture layer gaps is a very sensitive issue
in the field of restoration of works on canvas; the main
difficulties are related both to the theoretical and practical
approach (Brandi 1977). The choices have to be made
on the basis of the restoration principles, in order to
operate in a non-excessive way that could lead to serious
misinterpretation. Therefore, the main decisions to be made
include which part has to restore, which pictorial technique
to use, whether to use a specific technique or to diversify
techniques depending on the type of gaps. The additional
difficulties may be encountered when restoring works of art
with excessive decay, such as the case study presented in this
work, where, in addition to difficulties related to operative
choices, difficulties related to the graphical inscription of the
conservation status are also present. (Basile 2008, Althofer
2002). In fact, the graphic survey, called “thematic mapping
of the artwork’, is an extremely important document to
register all the operations made on the artwork, and also
to facilitate the subsequent intervention of conservation
and any future restoration (Sacco 2011). Accordingly, our
proposal is to combine the restoration project with the
image analysis operations, with the intent of making the
analysis of the work of art interactive. Moreover, it can also
assist the conservator-restorer in operating in a conscious
way and help them in the complex task of graphical
inscription of the conservation status. (Amura et. al. 2019,
Biagi and Maino 2017, Bennardi And Furferi 2007)

Case study

The presented work has been carried out in the restoration
laboratory of the University of Urbino. It is related to the oil
painting entitled “Madonna with the Child, Saint Joseph and

SaintJJohn"painted around the second half of the eighteenth
century, by an unknown Italian artist and nowadays

a)

b)_

belonging to a private collection. The artwork was in a very
poor state of conservation, the original support has lost
its elastic and mechanical properties, resulting in a fragile
and rigid outcome. It was realized on a vegetable textile
support in linen fiber (analyzed with optical microscope and
SEM) in a single sheet and has a plain weave (1: 1) with an
average fabric density of 9x9 f / cm2). The central area of the
painting was affected by a large cut, extending horizontally
side to side, and by other important support gaps as
well. Structurally, these lacunae were repaired during the
restoration process, using the thread-by-thread tear repair
technique (Heiber 2002) [Figure 1 b]. The preparatory layers
were affected by an extensive craquelure, extending over
the entire surface and coinciding with that of the paint
layer. The entire painting surface was affected by important
adhesion defects, in particular with the support. This
resulted in several falls involving both the preparatory and
the paint layer which, consequently, brought the artwork
to show a large number of lacunae. From the pattern and
the localization of the lacunae, it has been assumed that the
painting had undergone two different folds: one along the
orthogonal directions highlighting a closure “in four’, and
the other diagonally to indicate the rolling of the painting
on itself [Figure 1a]. The heterogeneity of extension and
placement of the missing areas required a careful evaluation
and the selection of the appropriate integration method.
According to a first conservative point of view, the number
of lacking materials and their different locations created
points of unevenness in the paint system. For this reason,
the filling was taken into consideration. However, the visual
analysis alone was not sufficient to define the overview
of these missing areas in order to define the boundaries
within which to apply it. The missing areas were both along
the painting edges and localized on figurative elements
representing unknown drawings, such as the Madonna
with Child, that instead resulted in being recognized as the
cloak of the Virgin. Therefore, even the choice of a proper
retouching technique was not a simple task.

Figure 1.- Madonna with the Child, Saint Joseph and Saint John by unknow artist, oil on canvas, second half of the XVIIl century, 77x61cm.
(a) The hypothesis of two different folds of canvas (b) The painting before restoration (c) The painting after restoration.
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Application of image analysis

The main problem to be solved was related to the graphic
transcription and the localization of the state of canvas
conservation. As the edges of the lacunae were excessively
irregular, made the manual transcription very difficult.
The first step in obtaining a correct border design, was to
initiate a color segmentation algorithmin order to separate
the areas of the lacunae and the area of the pictorial film
(Tonazzini et al. 2019).

—Image segmentation

In the presented case study, the color segmentation
operations were carried out using the MATLAB® image
processing toolbox. To this end, an application called
“Image Segmenter”, using exclusively a visible-light image,
has been used. This application allows the segmentation
of an image in various ways, based on the interactive
approach by trial and repeat process until the desired
result is achieved. As there are various segmentation
techniques that work best with particular types of images,
the segmentation tool chosen for our case study was “Auto
Cluster” - an automatic technique where the application
groups image features into a binary segmentation that
does not require initialization but uses the Statistics
and Machine Learning Toolbox. Using the “Auto Cluster”
tool, it is therefore possible to perform an automatic
segmentation based on the color differences between
the pigmented canvas area and the canvas lacunae. This
tool is based on k-means Lloyd’s algorithm, in the popular
k-means formulation one is given an integer £ and a set
of n data points in R%. The goal is to choose k centers so as
to minimize @, the sum of the squared distances between
each point and its closest center. (Arthur And Vassilvitskii
2007). The “Auto Cluster” tool is executed in several steps,
converting the image from RGB Color Space to L*a*b*

International Institute for Conservation
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Color Space (also known as CIELAB or CIE L*a*b*) that
enables you to quantify visual differences. The L*a*b*
color space is derived from the CIE XYZ tristimulus values
and consists of a luminosity layer‘L*; chromaticity-layer‘a*’
indicating where the color falls along the red-green axis,
and chromaticity-layer ‘b* indicating where the color falls
along the blue-yellow axis. All of the color information is
in the ‘a* and ‘b*’ layers, therefore it's possible to measure
the difference between two colors using the Euclidean
distance metric. The tool classifies the colors in‘a*b* space
using k-means clustering. K-means clustering treats each
object as having a location in space, it finds partitions so
that objects within each cluster are as close to each other
as possible, and as far from objects in other clusters as
possible. Since the color information exists in the ‘a*b*’
color space, our objects are pixels with ‘a* and ‘b*’ values,
the Tool converts the data objects into three clusters. The
result will be a binary maskin black and white called“binary
image’, with values 0-1. When using the Auto Cluster
segmentation tool, it is possible to include texture as an
additional consideration in segmentation. In this case, the
application uses Gabor filters to analyze the texture of the
image as a preprocessing step in the segmentation (The
Mathworks. 2019, Gonzalez and Woods 2012, Stanco et al.
2011, Protiere And Sapiro 2007, Mcandrew A. 2004)

— Region analyzer

The binary image obtained was consulted using the“Image
region analyzer”application present in the MATLAB© image
processing toolbox. This application measures a set of
properties for each connected component (also called an
objectorregion)inabinaryimagenexttoatablewhereevery
row is a region identified in the image and every column is
a property of that region, such as the area, perimeter, and
orientation. The Image Region Analyzer application uses
region props to identify regions in the image and calculates

Figure 2.- (a) image in visible light after restoration, (b) image during the “auto cluster” segmentation, (c) binary image in output.
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their properties. The properties of the regions can be
filtered and queried with Boolean operators, in fact, this
application can be used to export animage by filtering only
the regions of interest. It's useful to sort the values in the
table by property interest to determine what the minimum
value should be. The application changes the elements of
this dialog box, depending on which criteria is chosen.
The criteria for classification of lacunae can therefore
be based on percentage statistical analyses of areas or
be assessed subjectively by the conservator-restorer, as
each case study may require different classifications, not
necessarily based on area calculation. In our case, several
classification hypotheses have been evaluated, including
that of subdividing the gaps into 3 three classes of areas:
small, medium and large [Figure 3]. The threshold values
of each group of planes were chosen by interrogating
the binary image and evaluating the placement of gaps
on the canvas surface. A further selection was made by
dividing into the group of large gaps those difficult to
reintegrate from those easily reintegrated, according to
the placement within the representation.(The Mathworks.
2019, Henriques and Gongcalves 2010)

—Percentage calculation

The percentage of the lacunae area with respect to the
overall area of the canvas has been calculated in order to
guide the conservator-restorer during the choice of the
intervention technique. Independently of the acquisition
spatial resolution, every reproduction of the artwork must
respect the original dimensions 1:1 scale, to allow accurate
analysis also in digital reality. Only with real measurements
can the accurate results be obtained. As every area of the
lacunae is represented by pixel size in MATLAB®, the first
step is to determine the total area of the lacunae in cm?
(AL ), by suming all the areas of the lacunae pixels (AL):

N
AL=Y" AL,

where AL, represents the area of i-th lacunae.

area | [seween v | 780713 3] ana [s20808 ]3]

The following step is to determine the total surface area of
the lacunae in cm2 by the following relation:

AC:AC=x:AL
c p p
x=AC xAL /AC,

where AC is the Area of Canvas in cm?, ACp is the Area of
Canvas in pixel and x is the AT  total area of the lacunae in
cm?, leading to the value of areas expressed in terms of cm?
or percentage:

AT :AC =x:100

Table 1.- Canvas area and lacunae in 300 pixel per inch resolution

CANVAS cm pixel

(AC) Canvas Area (AC)4.534 cm? (AC) 65522270 Pixel

LACUNAE cm pixel

(AL) Lacunae Area

(AL)1.334 cm? (AL )18610183 Pixel

Percentage Calculation

m CANVAS AREA m LACUNAE AREA

Figure 4.- Percentage of the Lacunae area respect to the overall
area of the canvas.
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Figure 3.- (a) Binary image obtained with all areas of the lacunae visible, lacunae classification with (b) large areas, (c) medium areas, (d)

small areas.
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—Mean zonal statistics analysis

The virtual pictorial reintegration proposals were created
choosing the neutral tones from a zonal statistical mean
function in MatLab©. We then calculated the mean value
of the entire area of the canvas excluding the space of the
lacerations, which did not present pigment, obtaining a set
of three RGB values (M, RGB), that represent the average
of the colored pigments existing on the canvas [Figure
5]. (The Mathworks. 2019) For a random variable vector A
made up of N scalar observations, the mean is defined as

N
1
#:NZAL'
i~

then the mean of the RGB values can be represented with
the following expression, where M corresponds to the
mean and v to the values:

N N N
1 1 1
Mg, :NZRL'IMGV :NZGF.JMBV :N ZBi
i=1 i=1

i=1

M, RGB =

M, RGB = |R = Mg, ,G = M,,, B = M,

The pictorial reintegration proposals of the lacunae have
been realized using Adobe Photoshop CC20190, using the
“replacing color”technique, changing the RGB values of the
lacunae with the values obtained from the mean. Binary
masks were used to select and replace only the pixels of
the areas concerned (Adobe® Photoshop® CC Help, Last
updated 2/2/2018)

Intervention proposals

The result of the statistical analysis provided us with
an objective and highly detailed survey and the data

International Institute for Conservation
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obtained from the statistical evaluations highlighted that
the percentage of missing areas (approximately 29%) was
excessively high for filling the complete missing areas. As
this would result in almost a third of the total surface area
covered by filling, due to a large quantity of additional
material would have added a lot of weight on the support
and would thus possibly cause an excessive withdrawal
affecting the painting. At this point, the decision has been
made to proceed from the perspective of the retouching
phase, thereby advancing and evaluating the different
possibilities of pictorial integration through the hypothesis
of virtual intervention (Kunzelman et al. 2010).

Thus, the investigation of the lacunae has been carried out
in a differentiated way according to the area of the work
concerned and its size, always detected by computerized
methods (Bracco et al. (2002). The analysis of the lacunae
size has been done by taking the central area of the work
concerning the Madonna and a Child as the model for the
complex cases of lacunae involved, and hence used to
determine the intervention method to be applied to the
complete painting. The virtual reintegration process was
carried out in several steps, using different techniques.
The first one was to use complete white filling to simulate
a chalk and glue one, as depicted in [Figure 5 b], followed
by an integration with neutral tones obtained from the
mean of the pictorial film. Taking that as a model we
applied a lighter neutral tone to the exposed canvas and an
additional neutral tone laid on a texturized filling similar to
that of the craquele, as showed on [Figure 5 c].

However, as the results was not visually appealing, the
decision has been made to “close” the smallest lacunae. As
these were localized mostly in the background and were
characterized by easy to integrate flat and uniform folds
of color, the mimetic integration technique was chosen.
That enabled the elimination of the visual discomfort and
to proceed to the analysis of the remaining of the lacunae

Figure 5.- (a) image in visible light after restoration (consolidation, support repair and cleaning of paint layer) (b) Virtual processing,
white filling, (c) The resultant color obtained by the statistical zonal mean of the RGB values, after virtual processing.
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Figure 6.- (a) Closure of small lacunae with mimetic integration (b) Closure of medium and big lacunae with mimetic integration, except
the central lacuna. (c) Closure all the lacunae with mimetic integration and closure whit neutral tone the central lacuna.

III

[Figure 6 a]. Treating the lacunae classified as “small” using
the mimetic pictorial integration, several proposals for the
medium and big lacunae were created:

1) a neutral tone,

2) mimetic tone for the medium lacunae and a neutral

tone for the big lacunae.

Finally, in order to differentiate only the central lacuna,
as its dimension was substantial, as well as it concerned
figurative elements that could not be reconstructed, the
mimetic integration has been applied to small, medium
and big lacunae localized only to the background. This
approach was considered possible because the areas were
on flat chromatic surfaces including figurative elements
representing drawings that were possible to recognize
(Brandi 1977). For the central lacuna a neutral tone was
proposed in addition to leaving the canvas exposed. The
result can be seen on Figure 6.

Table 2.- Process elaboration time of our specific case study

OPERATIONS IN

MATLAB USER EXPERT MIDDLE USER
Image Segmentation 10 min 20 min
Region analyzer 5 min 10 min
Percentage 10 min 15/20 min
calculation
Mean zonal statistics . .
. 5 min 15 min
analysis
Intervention
Proposals in 10 min 20 min
Photoshop
Total 40 min Total 80/85 min

Conclusions

The image analysis enables a statistical analysis of the data
and an objective transcription of the conservation status
of the canvas, even in the situations where the works of
art show excessive superficial and structural degradation.
The described operations are a part of a semi-automatic
features extraction methodology developed during a
research doctorate project at the University of Urbino.
The presented methodology is currently executable on a
MATLAB®© QGIS© software (Amura et al. 2019). Moreover,
through the virtual system it was possible to elaborate
different hypotheses of integration, which gave us the
possibility to evaluate in advance the effectiveness of one
particular intervention approach over another. This enables
a realistic prediction of the integration operation, and also
to outline the final restoration plan for the artwork.
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