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ABSTRACT: Monument conservation is related to the interaction between the original petrological parame-
ters of the rock and external factors in the area where the building is sited, such as weather conditions, pollu-
tion, and so on. Depending on the environmental conditions and the characteristics of the materials used,
different types of weathering predominate. In all, the appearance of surface crusts constitutes a first stage,
whose origin can often be traced to the properties of the material itself. In the present study, different colours of
“patinas” were distinguished by defining the threshold levels of greys associated with “pathology” in the his-
togram. These data were compared to background information and other parameters, such as mineralogical
composition, porosity, and so on, as well as other visual signs of deterioration. The result is a map of the
pathologies associated with “cover films” on monuments, which generate images by relating colour character-

istics to desired properties or Zones of interest.

1 INTRODUCTION

Granite is a major construction material in Spanish
historical building and monuments, whose use dates
to prehistoric times (megalithic monuments), together
with carbonated rocks and sandstone. This type of
rock, granite, is not only one of the most abundant in
the northwestern part of the peninsula, but also one of
the hardest and most durable.

Complex weathering processes are triggered by
interaction of natural stone building materials with
environmental factors, such as climate and the bios-
phere. However, human activity causes external fac-
tors (pollutions) and natural water to amplify the
natural weathering processes.

One of the most conspicuous alterations is the chro-
matic change associated with external modifications
taking place in rock, in this case granite, to attain equi-
librium in and adapt to the new environmental condi-
tions. The selective nature of certain pathologies is
conducive to viewing the monument, once built, as an
ecosystem with its own microclimate.

The position of each ashlar is, then, a determinant
of alteration and consequently of the service life of
the structure.

The need to prevent or minimize this damage has
led to a series of methodologies for establishing its
origin as well as to a focus on the phenomena and
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causes of deterioration to which natural stone is
exposed in its new location.

Hence the formulation of detailed maps of the
monument, including lithologies, pathologies, replace-
ments, rehabilitations and so on, provide a more accu-
rate idea of the potential problems that may be posed.
And all this information is, moreover, essential to
optimizing costs and organizing the stages to be
addressed in sound restoration.

The maps of certain elevation views had in fact
been plotted manually for some of the studies of stone
alteration. This rendered the project fairly unviable,
for it would have entailed “drawing” each view prac-
tically stone by stone, to subsequently add the prob-
lems affecting each.

Digital image processing constitutes a powerful
and objective tool in this regard, for all the possible
information can be retrieved and quantified from
photographs.

Maps of alterations, pathologies and interventions,
along with the associated databases, could thereby be
built. This made it possible to conduct speedy, reliable
and time-sequenced analyses as well as to map evolu-
tion, extension, impact and essentially any other
parameter imaginable.

Lastly, this tool can now be used to draw up maps
showing the risks and state of repair of buildings of
public interest.



Figure 1. Ashlar morphology in granite and their colour
(Southwest fagade Santa Marfa de Melque).

2 PETROGRAPHIC EXAMINATION OF
GRANITIC ASHLAR

All the buildings studied in this article are made of
granite or granodiorite associated with the Hercynian
massif. These materials are extremely weather-resistant
and their low porosity, highly crystallized structure
and geochemical composition have won them esteem
as ideal building materials.

Despite the existence of zoning in their mineralogy
and petrographic composition, from the standpoint
addressed here (identification of crust-covered sur-
faces), they can be viewed as homogeneous and stable
rocks whose physical-chemical properties remain
essentially unaltered over time.

These particularities greatly facilitate the method-
ology to be developed from the vantage of image dig-
itization techniques.

The key parameter to be considered is heat. A del-
initien of the chromatic coordinates and their varia-
tions can be used to identify damp (such as in the case
of Santa Maria de Melque at Toledo, fig. 1), due to
which the ashlars gradually grow darker from thermal
fatigue and component (feldspars are most readily
altered, owing among others to their greater abun-
dance, much higher than micas) dissolution or con-
version to less stable phases.

Another possible scenario is, as in the present case,
the development of lichens and microorganisms
(orange patinas), initially regarded to be “protective”, or
of pollutant patinas or crusts generated by carbon diox-
ide, particles from coal-fired power plants (fly ash) or
other physically and chemically active materials.

Some of these may interact with certain mineral
phases (such as pyrites, minority but common
constituents of granite, or calcopyrites, marcasites
and so on), which “convert” to new mineralogical and

Figure 2. Natural orange colour of the granite (East fagade
of aqueduct at Segovia).

potentially aggressive phases. Highly disruptive gyp-
sum or ettringite, which spur deterioration and ruin in
this type of granite facades, would be examples of
such products.

Lastly, be it said that studying and monitoring
colour is useful for defining the type of treatment to
be pursued in such monuments (a methodology docu-
mented on the occasion of the restoration of the aque-
duct at Segovia, [ig. 2), when the chromatic coordinates
defined the type of chemical product to be applied to
maintain the aesthetics and harmony of this heritage
monument.

3 PATHOLOGIES

The evaluation and diagnosis ol the pathologies, sul-
fered by historical buildings concentrated on deter-
mining petrographical parameters, the nature of the
constituent, etc. Moreover, considering the monu-
ment as a whole, other authors have evaluated the
damages suffered using the false colour technique
and comparing photographs taken over the years,
managing to distinguish between healthy and altered
areas on the surface, according to the texture of the
materials and their pathologies. Additionally, in some
case, they also used ultrasonic images.

Depending on the environmental conditions and
the internal characteristics of granite different types
of weathering predominate: efflorescence, plates,
black crust, orange crust, etc.

Of all these phenomena, the present article focuses
on the crusts and patinas that grow on granite sur-
faces, most of which have a microbiological origin
and — in principle — protect the stone.

The first change is the appearance of a type of
crust that adopts the form of a variation in colour,
readily identifiable with digital image processing
techniques and not, in principle, regarded to be



Figure 3. Patinas aspect in granite and their colour of cut-
water (Northwest fagade of bridge at Caceres).

aggressive. Only alterations in the intrinsic properties
of granite, such as porosity, or the appearance of dis-
integration give cause for concern, as a general rule.
Nonetheless, such pathologies are difficult to address,
for while the crust may be eliminated, the treatment
involved is often more aggressive than the pathology
itself.

4 DIGITAL IMAGE PROCESSING
TECHNIQUES

The development of graphical data processing systems
permits the combination on the one hand of the surface
damage to the monument, noted by digital analysis,
and on the other the information deriving from other
techniques (thermography, photography. etc.).

By means of this, then, we can generate new layers
of information (by assimilating all the previous infor-
mation) or images (the equivalent of the multi-images
techniques).

4.1 Digital image processing

Digital image processing can be defined as the math-
ematical operations to which an image is subjected to
obtain another, modified one, that conserves certain
characteristics of the original, but which however
contains additional information that can be inter-
preted by a computer.

The study of the monument starts with the photo-
graphs and the technical drawing of the “original
plans” showing the position of each ashlar.

Figure 5.

Contour ashlars by photogrammetry techniques.

4.2 Image capture and enhancement

In this case, they both have been digitized using a
scanner, correcting by slight distortions produced
during the process, and adapting and referencing
them in order to coordinate the scales and facilitate the
overlap process, as shown in figures 4 and 5. Also, the
image is processed with a L(look)U (Up) T(Table) or
false colour technique to obtain the texture of the ash-
lar stones.

Another image derived with of photogrammetry is
shown in fig. 8. Scaled and calibrated, this image is,
therefore, the reference for the first process of digital
analysis?

From the digitized image of the drawing we learn
the original distribution and form of the monument
ashlars. The contour lines correspond to the edges of
the ashlars and will have grey levels near zero. From
the restoration of the image we have to apply matrix
filters and spread the histogram to the full range.

Digital restoration was carried out by applying a
series of algorithms for modifying the grey scales
(histogram), adjusting contrast (increases or decreases
by varying the width of the display range), reducing
noise, enhancing borders, interpolating and pseudo-
colouring, and so forth.
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Figure 6. Histogram of the bridge image.

Is should be pointed out that such enhancement
operations add no new information to the image, but
rather increase the dynamic range of the desired char-
acteristics so that in subsequent stages of image pro-
cessing, they can be more casily located and modified.

The restoration of the image, when the photograph
of'the bridge is digitized, is performed by studying the
frequency histogram (fig. 6) of grey level. The struc-
tural characteristics of the ashlars forming the bridge
are revealed by applying a standardization algorithm
that enhances contrast linearly to the maximum and
minimum possible levels of grey in the image (i.e.,
0 to 255) and subsequently performing matrix high-
pass filtering (fig. 7). This highlights ashlar contours.

4.3  Image thresholding

Beginning with the image resulting from the first
image restoration procedure, we subdivided and classi-
fied the information obtained to ultimately arrive at the
desired conclusions. In short, this process, denomi-
nated “thresholding™, generates an image by recogniz-
ing some areas, textures, forms, etc., with the desired
propertics or zones of intercst (the procedure consists
of delimiting a range of previously delined grey val-
ues, and reassigning to this range an output value of 1,
and setting the rest to 0, as shown in the fig. 8.

The result is an image which allows a better thresh-
old setting in the segment process, getting a binary
image which corresponds to the ashlars in their
altered present state.

The Boolean operator type AND is applied to the
two images of the ashlars; the original (fig. 4) and
photogrammetric (fig. 5) and as derived from digital
images techniques (fig. 7). It extracts information
common to both and the differences are deduced.
These occur principally on the edges and sometimes
are especially significant in the arch.

The Boolean operator NOT (this inverts the image
showing the area of each ashlar) is applied to quantify
the phenomenon of material loss or grain disintegration

Figure 7. Granite bridge highpass [ilter.

Figure 8. Contour ashlars by tresholding process. Calibrated
image.

and the Boolean operator XOR (this extracts the infor-
mation which is not common) highlighting pixels.

The ashlars are classified by their patinas (three in
this case) applying line profiles [or cach. In these pro-
liles we give the statistical parameters (maximum and
minimum value) of the setting in order application in
the thresholding process. The statistical treatment
gave rise to some ashlar overlapping in the grey level
limits. This overlap caused confusion in the segmen-
tation process (due to its grey common levels) and
therefore in the adequate discrimination of each ash-
lar. This problem was solved by using grey level dis-
crimination that identifies each phase via two bands
on the colour histograms.

On three bands of the image (Red, Green, Blue) we
sought those with least overlap. 'or example in the
case of patinas the sefting thresholds were taken from
channel R while background granite was distin-
guished in channel G.

4.4  Quantificalion of resulls

The results are three binary images with the grey lev-
¢ls of each pathology. Into each image will be reas-
sipned a new different grey level. Each image is



reassigned a new grey value and via combination a
single image is obtained that integrates all three lev-
els. The result is a classified image with some colour;
each identifies a different type of weathering (crust
orange, black, etc.).

However, it must be pointed out that there are areas
remaining in the classified image which are indistinctly
assigned to two different zones. The solution adopted
was to amplify these conflictive zones (zoom_up),
apply a lineal algorithm and threshold anew with the
limit deduced from this last process. After this process
was completed these subimages were reduced
(zoom_down) and integrated into the original.

In this case, those ashlars which caused problems,
and so had to be reclassified using this process,
represent 15% of the bridge. This corresponds to the
tympana where there is a greater evenness of grey
level making up that part of the image.

The comparison between the image resulting from
this whole process of lithological classification and
the original demonstrate that there are still some ash-
lars (8%) which have not been correctly classified.
This must be corrected interatively by reassigning the
adequate colour.

From this process we obtain a second image,
which corresponds to another layer of information,
and in which the bridge patinas can be identified.

In order to obtain a map of the alteration apparent
in the bridge two different processes are applied to the
image now restored.

The first involves the change of histogram at the
grey level values, concentrating on the lower levels to
put in evidence slight colour changes in the material,
achieve a better differentiation of sometimes subtle
variations in grey levels. After this, the total image is
progressively zoomed to a resolution of 50 X 50 pixels
increasing the effectiveness of the differentiation. This
process scans the areas affected by colour changes in
the ashlars (as is the case of blackening crust and pati-
nas (orange or decoloured). Distinguishing between
these two is impossible using the computer, so they
have been included in the same group.

The second process involves operating on the geo-
metric details of the image distinguishing limits
between similar grey level (area operations). The fil-
ters applied in this case are of the standardized Sobel-
gradient type (which only highlight the existence of
contours within the image).

With this algorithm both the contours and the tex-
tures of each ashlar are extracted. The result is an
image which after thresholding provides the geomet-
ric characteristics (understood to be the irregularities
of each ashlar, such as edges, grooves, etc.).

The image of the bridge ashlars would reflect only
the internal properties of each stone, which are ulti-
mately responsible for the alterations and textures
exhibited. The difference between one type of texture

and the other can be met by applying binary morpho-
logical algorithms. In this way and using this image
we can eliminate long objects by expertly sifting
(whose shape factor is below 0.3). The result is a new
classified image.

5 MAPPING PATHOLOGIES

This layer is what we call generated or deduced
images, which contains graphical information associ-
ated with a relational database and which can form
combinations with other images or with its own
components.

The layers of information are made up of images
elaborated by digital processing. We assign the level
zero to a thinning image (mask image), which is the
one containing the reference information for the rest
of the maps: in other words, that shows us the ashlars
exactly as they are nowadays. This level shall be
repeated in the rest of the layers we create afterward.
This level is the one which acts as a point of reference
for the connection among these layer, in shared areas
of working memory (superimposing information).

The lithological layer is derived from the classified
image of the materials. It is used as an area of mem-
ory to connect to the database containing the petro-
physical and petrographical properties, which are
derived using other methods beyond the scope of this
paper. As a consequence each lithology is identified
by a specific, single grey scale.

The petrographical, petrophysical and other prop-
erties are entered in a database whose identification
and entry code is the same, corresponding to the iden-
tifying grey levels of that lithology. In this way when
the cursor is moved across the monitor screen and a
certain pixel is selected the corresponding “colour” is
real and the database is accessed. A dialogue box is
opened and the pixel properties are shown. Likewise,
a second possibility is to introduce “via the keyboard”
arange of values for a certain property (porosity, for
example) which distinguishes the identifying colours
of the corresponding lithology, representing on the
screen the colour that falls within that range.

With this technique permits a cartographic map of
petrophysical and water and petrographycal proper-
ties can be generated. This latter possibility would use
the mask or base image to reflect the result, generat-
ing theme property maps of the database values. Each
of them, so generated, may be isolated and added to a
new layer of information.

The combination of these images retrieved in areas
of memory, with another layer (lithological or alter-
ation graph) provides maps of intersection areas
which enable us to relate the petrophysical, water and
petrogaphical properties to alterations, inconsisten-
cies, and so on.



This is extremely useful when the time comes to
propose restorations, renovations or substitutions of
some ashlars for others.

These tree layers of information were combined,
taking account of the nature of the bridge (granite)
and the rest of building studied here, its state (alter-
ations), and the orange crust on the material. For this
specific case and by way of example, the result is a
map of pathologies associated with lichens. The
processor marks the ashlars that need to be substi-
tuted, restored (treated with some product or cleaned)
and those that show no sign of serious damage.

6 CONCLUSIONS

The possibility of combining digital image process-
ing techniques to generate theme maps, with a data-
base containing petrophysical and petrographical
parameters constitutes a data processing system with
which specialized maps (of alterations, lithologies . . .)
can be generated. These facilitate the interpretation
and evaluation of the pathologies of the monuments
in question.

The use of this system on some Castilian monu-
ments (Spain) has led to the classification of their
ashlars, giving us a first approximation of which
should be treated, replaced or maintained, as well as
providing us with theme maps of great interest in the
tasks of renovating, cleaning, consolidating, and so
on, with significant savings in time and organization
of the phases involved.
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