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Abstract

This paper explores the use of spatial analysistioms and geographic information systems (GISjhen
characterization of wood painting features. Thedgtevaluates the performance of neighbourhood
functions and maximum likelihood classification aricient wood painting pathologies and construction
techniques. The paper demonstrates in four cadéestthe added value of GIS spatial analysis fanstin

the documenting process of wood pieces.

1. INTRODUCTION

In Conservation-restoration, the graphic documentation processéal paintings often involves
the delimitation and measurement of features over an imade pfinting. The usual proceeding
for extracting such features is performed via subjectiveridgs and image processing software

[1].

This paper explores the use of spatial analysis functionsgaadraphic information systems
(GIS) operations in feature extraction. The study evaluatepdtfermance of neighbourhood
functions and the maximum likelihood classifier for the chareetéon of pathologies in ancient

wood paintings and the respective construction techniques. Theadippliof these techniques,
unusual in conservation of paintings, was made with GIS softwidre document aims to

demonstrate the added value of GIS built-in spatial analysitidms in the documenting process
of wood pieces, especially when compared with treatment withlumage processing software.
The presented case studies explore its applicability in the gatrat four types of features.

On a first case, a methodology for extracting the superficiEds made by a common furniture
beetle was essayed on the panel “Isaiah Prophet”, from the Cavivreg Order of Christ, in
Tomar, Portugal. Its goal was to determine the quantitatktension of the biological
degradation. This method combines a compactness measure, warityrcratio, with the
application of map algebra functions in the classification @m®eereclassification (threshold),
density mapping and region grouping. The assessment of the resulidesvia a confrontation
with a visual detection.

The second case concerns the measurement of the extension affsmmal protection products
applied on the back of the &entury panel “The Resurrection of Lazarus”, also from the
Convent of the Order of Christ. The characterization extensidreahtterial — shellac — is made
via a maximum likelihood classification. This approach udes ¢common remote sensing
technique with a simple reclassification operation.

On the same panel a third exercise test was performed:xtteetn of some inscriptions,
written with graphite on the back of the panel by & d@ntury restorer, located on crossbar wood
pieces inserted for structural reinforcement. The procesdvies also the maximum likelihood
classification and the elaboration of thematic classes.



The last presented case is about the analysis of a digdaigraphic image documenting a
painting and its use in the enhancement of the structurexfoaceng the direction and the
counting of the planks with directional neighbourhood filters.

2. SPATIAL ANALYSIS OPERATIONS AND METHODOLOGIES

In Heritage conservation it is essential to make photograpbards and manage the information
to provide a scientific approach to conservation projantsto create an archive with technical
documents for subsequent developments [2, 3].

Currently, the most common method of painting conservation documentatitre digital
photographic record. These data, in digital form, can be shared between atmngestorers, and
allow the application of several spatial analysis operatifith spatial analysis techniques it is
also possible to use these photographic records to create new irdartypes.

The four main themes focused in the text are spatial analysigragnic information systems,
neighbourhood functions and maximum likelihood classification.

Spatial analysis is a field of study which concerns theipoadation of spatial information and the
extraction of spatial relations and properties. The analysigeseto put questions about
geographic features and investigate spatial properties, such aselistdjacency, interaction and
neighbourhood-induced characteristics between events or objects ypliialuted.

A GIS is an arrangement of hardware and software systeantateéd to process geographic
information, analyse, manage and allow a visual representatioph@homena. For that

representation there are three types of models associatatadnformation: databases with
georeferenced information (such as addresses), raster itdsds images) and vector models. In
our case studies we apply frequently raster image fileshtwacterize the panel painting
superficies. A raster image file is a grid of cells, caniy designated by pixels, structured with
columns and lines and with a value associated with each cell [4].

With raster image and spatial analysis there is a widefsgpplicable operations for superficial
feature characterization. Some examples are the grid @nflyttions, commonly typified as
local, focal, zonal and global functions. The main difference d@twhem is the extent of the
area needed to computer the value of the function for each cedll fuowtions need only to
process each cell individually in the input grid or grideider to get the final cell value. Focal
functions use the concept of spatial neighbourhood to select areas theackil being calculated
to compute its value based on the cell values in that neighbourhoodl #inctions use an
extended definition of neighbourhood to include in the computation adl thelt share a specific
value, which are called zones. Zonal functions can be statigiut can also include some
geometric properties in the calculation: for instance, thelzge@metry process calculates for
each zone in a dataset the specified geometric meas@®, (@rimeter, thickness, or the
characteristics of ellipse) [5]. Global functions includeo#ther raster analysis operations. In this
study local, focal and zonal functions were used.

Some of the applied procedures, such as the boundary clean and megipimg operators,
combine several of the above functions. The boundary clean openaitbathes the cells in the
boundary between different zones by expanding and shrinking specifis. zbhe second
operation uses the concept of region as a contiguous zone. ltségoehch cell in the output
the identity of the connected region to which it belongs withénanalysis window and a unique
number is assigned to each region.



The last operation used in the process involves classificatigm icategorisation of all the cells

of a grid into classes or themes accordingly to a rute @f its various types is the supervised
classification, where the algorithm is given a numerical rifggse of the various classes in the
grid, via representative sample sites of known classelgdcthining areas [6]. Within these

classificators, in this work the maximum likelihood cléssi(MLC), an operation that uses

probability density functions to analyse the probability of eachagsifled cell to belong in one

of identified classes. For the feature extraction, this operatmits that every class is well

known [6] and creates a classified output raster.

3. METHODOLOGY

The photographic records of the panel paintings were made inl adigitle with a 5.0 Mpixel
camera,Sony Cybershot F-717™he methodology consisted in the successive application of
operations over the raster grids (images) with GIS softwac&|S Desktop 9.1™using the
extensionArcGIS Spatial Analyst™

4. CASE-STUDIES

4.1.Quantitative extension of furniture beetle holes

Holes made by furniture beetles represent a severe patholodggradation in ancient panel
paintings [7]. In Portugal, some woodboring beetle species maygganeod paintings, the term
woodboring beetle incorporating many species and families of beetles whad®taadult forms
eat and destroy wood (i.e., are xylophages). Albino de Carvalhosistimly on Portuguese
woods refers thédylotrupes bajulus Stromatium unicolgr Anobiumspp., Nicobium spp. and
Lyctusspp. species as the most active autochthonous insects whithwattods and wood-made
pieces [8].

In our case, the insect was not captured and morphologicallyifilenbut the 2 mm-sized
burrow exit holes seem to match those made by the common furnitureArestiem punctatum
The work referenced in the exercise is a wood painting fronCtvevent of Christ in Tomar
representing the Prophet Isaiah (see Figure 1). The production ltephraf this artwork
suggests a {Bcentury dating. For the study, two digital photographic imageBiRf format

were used in the spatial analysis exercise.

Figure 1- The representation of Isaiah Prophet pareel painting from Convent of Christ in Tomar.

The feature extraction processes comprise two stages, fastessay was made in a panel detail,
and in three visible xylophage holes (see Fig. 2). Secondiywider area of the piece associated



with a bottom section of the niche representation, which includedustration of two feet and
an orange drapery (see Fig. 3).

Figure 2-Detail of furniture beetle holes. Figure 3- Second test area.

Procedures implemented on the detail image began with a ricaltiph of three separated bands
(red, green and blue) using a local function. The goal of thisatiperwas the expansion of the
range of values. The result of this algebraic operationrecassified with a break value of 128
(interval 51-206) and was followed by a boundary clean procedure. Inases and just for
visualization enhancement, the resulting grid was convertedviactor format. This sequence
was sufficient to extract holes due to a high contrast betwse holes and their surrounding
areas. In the second area (see Fig. 3), procedures were analogougerttheenoles are difficult
to extract due to similar cell values at the undamageasaapd at the beetle holes. In order to
discriminate those areas, after a multiplication of bands ardsgification, a region grouping
function was invoked to detect and isolate each distinct contigaraas These individualized
patches were filtered to select areas which are cobhpatiith insect holes, using an area
threshold to match the size of holes. A shape index of cirgul@i x area / perimeter) was
applied to each patch after regional area and perimeter daloul@his operation selects the
most highly circular areas which were then identified as beetls.hole

In the first case the process did not require any formal gemmconsideration, and the

exploration of difference between radiometric values ofntbles and their surrounding areas is
sufficient. The applied method detected all three beetle holed={ge4). On the second case, a
geometric formal condition was used to enable the identificafifine beetle holes (see A group

of Fig. 5). The method did not miss any of the real insect holegy bBble to surpass nail marks
with low values in the circularity index. However, it resultedan erroneous identification of

three additional patches which are not insect holes (sgeud of Fig. 5). To solve the problem

it is necessary to edit and select the “correct” holes, i.e. usedistvdehuman factor.

Figure 4-Detail of identified beetle holes. Figure 5- The final results of second essay.

4.2. Extension of shellac product applied on the backside of a panel pairgin



The second case concerns the quantification of the extension afcghreitection applied on the
back side of a f6century panel entitled “Lazarus Resurrection” [10]. The chewiaation of the
extension of the covering material — a yellowish resin use@inishes and polishes, applied as a
physical barrier for protection and preservation of the panelas made with a maximum
likelihood classification. The digital photograph image in ThHeFmat has 532 columns, 874
lines and 464.968 cells. The original raster is a non rectiffedyeé, made with a photographic
camera centrally placed on a plan perpendicular to the backside afitkiag

Several polygonal forms were drawn on homogeneous areas oflassles “shellac layer” and
“uncovered wood” (see Fig. 6), and the class value was registered.

Figure 6 — Polygons on the backside of paintinghwshellac cover and remaining
uncovered wood area.

On the exercise, the value 1 is the “shellac layer” classZathe “uncovered wood” area. A
maximum likelihood classification was made to extend class$ifio to the full areaTable 1
illustrates the classification results.

Object ID Value (classes Count
Shellac layer 1 19.505
Uncovered wood 2 27.367

Table 1 — Number of cells in each class after MLC operation

The results of each class report that the shellaciseggproximately 41,7 % of the total area (see
figure 7).



Figure 7 — MLC result.
4.3. Inscription feature extraction

The same panel allowed a third exercise to be carried oideatification of inscriptions made

with graphite on the back of the panel, by a XIX century restdocated on crossbar wood
pieces. The photograph used on this exercise represents a detail ofdlpasdimg illustrated on

the last case study.

The method also involves a maximum likelihood classification hedetaboration of thematic
classes. Procedures were similar to the previous exer@sean analogous methodology was
followed: the supervised classifier was applied after ddioeaf three classes: created polygons

were classified as “inscription area”, “wood background” and “screw”.

This technique allowed the extraction of the inscription. Theatip® was not as precise as
expected, because some confusion between the ‘“inscription area” aed/“lasses was
noticed, due to similar positions in the colour spectrum. Botsselawere clearly isolated from
the wood background but the classifier resulted on part of theiptisorbeing classified as
“screw”. This confusion suggests that zonal statistics (sscthe thickness statistic) could be
applied to improve the distinction.

Figure 8- The restorer inscription on crosshar Figure 9- The extracted inscriptioft. is possible

panel. to read: Foram acentes em 1868 Julho’23
meaning the crossbars of the panel were
applied on a restoration in July'231868.



4.4. Radiography

The 4" test is about the analysis of a digital radiograph imagehliegathe extraction of the
structural elements of the painting “Lazarus Resurrecti@perations were oriented to the
enhancement and extraction of the painting plank structure viappkcation of directional
neighbourhood filters. The digital photograph representing the globaldd the panel resulted
from a radiographic film scanning.

Starting with the base image, two sequences of neighbourhood statisticpplézd:

a horizontal-oriented wedge with start angle 89°, end angle 91°adns 13,
with the mean statistic, followed by a circle with radius 3 with the ratagistsc;

a vertical-oriented wedge with start angle 359°, end angle 1tadig 3, with
the mean statistic, followed by a circle with radius 3 with the rangistita

The two resulting layers were multiplied. The final laykrady shows an enhancement of the

vertical and horizontal limits of the panel planks, depictingstihectural details (see Figures 10
and 11).

Figure 10- Radiograph image base. Figure 11 — phtad analysis results.



5. Conclusion

The application of simple spatial analysis operations hilpthe characterization of some
painting features, which may be useful in the diagnosis andinter@ation of artwork
conservation status. Feature extraction also enables a gusn@tpproach that extends human
perception in the capability of evaluating important elementsch as structural or pathologic
characteristics, improving the quality of the diagnostic procedomade by the conservator-
restorers. However, the process of feature extraction isutlptautomated, depending on the
intrinsic characteristics of the artwork, and on the finertgrif values used in operations, which
needs a proper adaptation case-by-case. The accuracy and quhktymfsented methodologies
strongly depend on the expertise of the GIS operator in perceivimpmeaa and transmitting
his interpretation into a meaningful sequence of spatial analysidiopera
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