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a  b  s  t  r  a  c  t

In  the  interdisciplinary  domain  of  conservation  science,  a  critical  and  selective  eye  is  required  in  order
to  allow  researchers  to  choose  the  most  effective  combination  of  analytical  techniques  for  each  project
and, more  importantly,  to process  and  analyze  the  resulting  volume  of  diverse  data.  The current  essay
attempts  to  combine  a  more  traditional  workflow  for  the  examination  of painted  objects  with  techniques
borrowed  from  the  domain  of computer  science  in  order to yield  the  maximum  amount  of  information
and  make  that  added  knowledge  more  accessible  to  the  researcher.  The  project  was  approached  as  a  case
study,  regarding  a post-Byzantine  icon.  Three-dimensional  digitization  with  a laser  scanning  system,
X-ray  radiography  and  optical  microscopy  were  applied  for the  determination  of several  structural  char-
acteristics  of  the  painted  surface  and  the icon’s  state  of  preservation.  Multispectral  imaging  was  used  for
the collection  of  surface  spectral  data,  which  were  subsequently  processed  by  means  of cluster  analysis
in a novel  approach  to  map  the  composition  of  the  painted  surface.  Finally,  micro-X-Ray  Fluorescence  (�-
XRF)  was  chosen  as  the  primary  source  for  surface  pointwise  elemental  composition  data  while  Fourier
Transform  Infrared  Spectroscopy  (FTIR)  and  Gas  Chromatography  coupled  with  Mass  Spectroscopy  (GC-
MS) provided  additional  assistance  in the  characterization  of  materials  based  on their  molecular  structure.
A custom  platform  was  developed  to address  the  issue  of multilevel  visualization  and  assessment  of  the
data,  designed  to  act  as  a tool  for  viewing  and  combining  the  acquired  information.  Via  this  integrated
approach  valuable  information  regarding  the  icon  was  revealed,  including  the  verification  of a  prior  con-
servation  attempt  and  partial  overpainting,  the  recording  and  quantification  of  the  warping  of  the  wooden
panel  and,  finally,  the  identification  of  the  constituent  materials  and  their  spatial  distribution.

©  2012  Elsevier  Masson  SAS. All  rights  reserved.

1. Introduction – Aim of the current study

In recent years, the systematic study of cultural heritage has
led to the emergence of the conservation science domain as one
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of highly interdisciplinary nature. Within this scope, the focus of
researchers is shifting towards the determination of more effective
workflows for the holistic examination of the artifact in question
and the subsequent combination of the acquired data, in order to
produce concrete results. Taking into consideration the above argu-
ments, the current essay attempts to formulate and apply such an
integrated procedure for the examination of painted artifacts. The
project was  approached as a case study regarding a post-Byzantine
icon.

The process of creating an icon in accordance with Byzantine
tradition follows a well-defined protocol [1].  However, during the
post-Byzantine era (16th till early 19th century) artists became
increasingly liberated from the strict rules of Byzantine icon paint-
ing and experimented with materials and techniques [2]. The
variety of materials used in Byzantine and post-Byzantine panel
painting have been the subject of a significant number of studies in
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Fig. 1. a: high definition color image of the painted surface; b: X-ray radiograph of the icon (after digitally registering the four individual radiographic plates); c: 3D model
of  the painted surface, shown with and without color information; d: color-coded elevation map  of the surface revealing the warping of the panel; e: color keyed view of the
surface  relief, showing the incisions outlining the figures; f: extracted outline of the crack at the upper right hand side of the surface.

order to facilitate the conservation of such artifacts and, moreover,
as a means of differentiating between different artists or ‘schools’.
The majority of studies combine micro-FTIR and micro-Raman
spectroscopy for the identification of inorganic pigment materials,
Gas Chromatography or High Performance Liquid Chromatography
coupled with Mass Spectrometry (GC-MS and HPLC-MS respec-
tively) for the identification of organic materials (binders and
pigments) and microscopic techniques in order to unveil the full
stratigraphy of the icon [3 and references therein]. XRF spec-
troscopy has also proven useful for the identification of inorganic
pigments, based this time on their signature elemental composition
[4–6]. Infrared reflectography and UV imaging have been used in an
auxiliary fashion for the preliminary examination of both pigments
and varnishes [3,7,8].  Finally, structural information of the wooden
support and information regarding underlying preparatory layers
is usually acquired through the use of X-ray radiography [8].

In the current paper an effort is made to combine these tradi-
tional approaches with modern digitization techniques and tools
from the Information Technology domain in order to form a more
holistic and contemporary workflow. For the purposes of recording
structural information, X-ray radiography was complemented by
three-dimensional laser scanning of the painted surface, a tech-
nique applied successfully in a variety of cases regarding paintings
[9,10].  Material characterisation is accomplished, on the one hand,
through an entirely non-invasive approach, using multispectral
photography coupled with cluster analysis in order to obtain a map
of the pigment materials based on their spectral properties. The
identification of possible pigments was assisted by the use of �-XRF
spectroscopy, applied in situ, for pointwise elemental data. On the

other hand, techniques requiring sampling were also used. Sample
cross-sections were examined by optical microscopy in order to
study the icon’s stratigraphy. The combined application of GC-MS
and FTIR provided data regarding both organic and inorganic mate-
rials. On a final note, the possibilities of integrating the multitude of
obtained data into a single platform were investigated. To this end,
a custom platform was created, combining the 3D model visualisa-
tion with the available spectral and elemental data in a multilayer
integrated representation.

2. Experimental

2.1. Description of the icon

The subject of this case study is a post-Byzantine icon from the
region of Moschopoli (Fig. 1a), dated back to the first half of the
19th century. The icon, depicting the Coronation of the Virgin, is
painted on a wooden panel (47.8 cm × 36 cm). The surface exhibits
various defects while the panel itself presents substantial warping.
The paint layer exhibits two  different optical qualities, being more
matte or more reflective in places, indicating the use of different
paint media – egg and drying oil respectively, or even a mixture of
both. This fact is in agreement with the testimony of the owner’s
family, stating that the object had undergone a conservation
attempt around 1951. The extent of the areas exhibiting optical
properties of a drying oil medium suggests that the icon had been
considerably overpainted during the conservation procedure (the
entire area of the sky, the halos and partly the figures themselves).
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