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Analysis, Protection and Preservation
of Medieval Wallpaintings.

Historical wallpaintings have always been a connecting link between the nations of
Europe. They bear eloquent witness to their time of origin and reflect the cultural
developments over the course of time. Nevertheless, paintings which have been
preserved in their original state, are hard to come by and therefore are highly
regarded in Europe's cultural heritage.

A Raphael-Project financed by the European commission is developing innovative
preservation strategies combined with an extensive information network.

Read more



ﬁaf?ﬁae[ ?’ny%zcr

Raphael-Pr oj ect
Analysis, Protection, and Preservation of Medieval Wallpaintings

I ntroduction
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Information Systems— Preliminary Steps by 3D-Visualization Tests
Monitoring Systems

Mapping Structure and Glossary for Wall Paintings

Databases of Medieval Wallpaintingsin Lower Saxony
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Britsum Church (Netherlands)
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An important goal of this Raphael project is the development and application of methods for cooperation. The
innovation of the project consists in the creation of a close network of research in different countries and
institutions to improve restorations that means to intensify cooperation through learning by doing.

On the other hand a practise-oriented system of documentation is planed in Raphael. It should use standard
software products as innovative tool.

It must be stressed that conservation documentation must be an integral part of a (conventional and/or computer
aided) conservation system whose guide lines are 1ISO 9001 / EN 29001 and VDI 3798.

The definition for conservation documentation in Raphael is: the systematic collection, structuring and creation
of access to data and documents from anamnesis, diagnosis and therapy to monitoring and quality control in a
multitemporal cyclical process.

The application of the different tools for conservation documentation (conventional and / or computer aided)
depends of the specific requirements of the treatment. Thereby heterogeneous informations must be understood,
evaluted, networked and interpreted. They must then be converted into a therapy concept.

The most important support information for the Raphael systemiis:

- Visual information (that means photos existing schemes, mapping, and so on)

- Textua information (for construction, for wall paintings, for phenomena mapping and for analysis data)
- Anaysis data.

The problem that exists with these numerous information sources is that the relationships between the sources
need to be configured and networked so that vast interaction is made possible:

- Interaction between the information sources

- Exact position of the information sources

- Theinformation sources dependance on the time factor.

The conservation of wall-paintings is a never ending cyclical process. Each single stage must be related to the
existing steps which were taken and the time continuum between them also has to be compared. The most
important phases (Analysis, Diagnosis, Therapy, Monitoring/Quality Control) lead to the formation of new
conservation procedures.

A tightly scheduled interative process should be made possible. Therefore effective links between the different
information sources such as mapping, textual information and photos must be be created in Raphael.

With this conservation documentation system to be evaluated, the specific information sources could be able to
specify the damage potential of the wall-paintingsin Tirsted, Britsum and Konigsl utter as pilot objects.

In addition to these conservation evaluation plans a multi-disciplinary evaluation of art history is anticipated:

Traditionally the work with wall paintings has beed divided between historians, art historians and conservators.
The new electronic possibilities would create opportunities of cooperation with the result that each part will have
access to new and important information. So the creation of new electronis tools to combine the different resarch
interests is necessary.

The creation of a common database could entail many opportunities of: cooperation between different partners -
fascilitating monitoring and restauration of the wall paintings - inspiration and invitation to other similar
institutions to join and cooperate. So the creation of a common database will result in better efficiency and
economic utilization.

It isthe intention by this pilot project to show possibilities of multi institutional and multi professional and
technical cooperation. The project will result in the creation of a common server with connected cd-rom's
(subject to the development of the electronic standards). It should be a starting point of a continuing elaboration
and expansion of the common server and the common electronic productions. It is not intended only to be a
working tool for the participating institutions. It can be used by other institutions and persons and they can
participate with their results of research in the paintings and the conservation of them.

Being presented on the Internet it will be an open and democratic structure of information to people and
institutions all over the world as well as aworkable tool to the participating partners. The cd-rom productions are
necessary in order to present images of high resolution.



The pilot project will create a platform for future cooperation including other conservation institutes and
research departments first of all in nothern Europe but ideally in all European countries. It could be a starting
point of agrowing multinational and institutional cooperation that deals with the uncovering, preservation,

monitoring, registration, interpretation and presentation of one of the most important subjects of the cultural
heritage from the European Middle Ages.
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Information System — Preliminary Steps by 3D-Visualisation Tests

Within the Raphael Project, aHUBAU-document (an exact planning and financing instrument) was planned for
the restoration project of the wall paintings in the church in Kénigslutter. This document was created both for the
wall paintings and the architectural structure surrounding them. A co-operation with the Department of Geodesy
at the Ruhr-Universitét in Bochum, headed by Prof. Ing. Scherer, that had started with the documentation of the
country parish church in Stiepel was resumed with the works on the Kaiserdom.

In this context, optimal procedures for creating an automated building survey system were tested and further
developed. Missing parts of the building in the subject maps could be measured and incorporated. First, actual
comparisons could be done on location. As aresult, there are floor maps for the Kaiserdom on entrance and
clerestory levels, aswell asthe roof truss. Additionally, the church was charted in al four elevations, and
sectional views were carried out along the length, through the nave and lateral naves, as well as the transepts and
the westwork. In the transept new technologies of laser scanning were tested to visualise the building and its wall
paintings in a comprehensible three dimensional form.

Intensive talks with the former supervisor responsible for the extensive reconstruction measures at the
Kaiserdom in the mid-1970s answered many questions regarding the development of damage and the restoration,
especially concerning the wall paintings. He provided us with numerous documents from the time of his activity.
The fact that these documents had no longer been available to those in charge of the monument now, and that
knowledge acquired during the restoration as well as the precise details of the measures taken then were
temporarily lost, once more illustrates the urgent need for prioritising a structured and comprehensive
information system with suitable visualisations.

Numerous areas inside the church show signs of afailing roof drainage system. Humidity problems are
appearing in the inner parts of the building influencing the important wall paintings. In order to examine the
capacity of the roof gutters, model calculations based on the survey data have been carried out.

A 3D model was also created in Tirsted Church. A large amount of scientific data pertaining to the conservation
of thewall paintingsin Tirsted Church had been collected in the course of the Raphael Project. In the present
situation, it isdifficult to project this datain avisually comprehensible form. Therefore, it was very important to
expand the plan for scientific consultation to also include the provision of athree-dimensional form for
documentation. A surveying company (Mads H. Boll Landsinspektorfirma), which specialisesin the creation of
three-dimensional digital images, provided a ground image on which the scientific data pertaining to salt
treatment and moisture movement can be plotted. Thistool will also be of enormous benefit to graphically
document information pertaining to other aspects of the conservation project, such as the location of original
material vs. plaster reparations and reconstructions. Thisway, a true representation of the situation in Tirsted
Church will be possible, and alink will be provided to the detailed mapping that is being carried out on the
particular scenes.

This pilot project provided the Raphael Project with initial knowledge about the spatial classification of
heterogeneous data belonging to an object. The spatial classification of datawith statistical evaluationsis needed
asabasic for amonitoring system. Furthermore, a three dimensional representation of the surface of an object
could provide an economic basis for the rectification and mosaicing of monitoring images.

Critical evaluation

One of the long-term goal's of mapping is the introduction of athird dimension, which could detect and monitor
changes in the architectural structure. This has been included in the general requirements for the establishment of
adata acquisition system. While the practical work of mapping in a 2D system is a question of training and
experience, and can be seen as part of the work of a conservator expert in computerised documentation, the
specific knowledge needed to produce and work with 3D images requires specia skills, such as those of
surveyors, civil engineers and architects. The surveyors have to make the measurements, the CAD specialists
have to manage the 3D data, have to prepare the 2D planes needed to make the mapping, and finally, have to
incorporate the additional information provided by the conservator into the complete 3D system. What is needed
is a software tool for interpretation of the 3D data, which will allow the conservator to formulate questionsin



order to extract useful information.
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The paintings on the vault in the church in Britsum
The paintings in the Kaiserdom in Konigslutter
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Results: The barrel vault of the Kaiserdom Konigslutter
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Thermohygric and Climatological M easur ements
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Monitoring Systems

Monitoring Systems
Introduction

Wall paintings are sensitive, complex systems, which can react abruptly or slowly to changesin the
environment. In order to determine the degree of change that necessitates active intervention on the part of the
restorer the continuous monitoring of the paintings and their surroundings is indispensable. In the past changes
taking place on the paintings were evaluated with the help of manual procedures, such as visual observations or
percussion tests. Data collected in this manner were presented in awritten report, or documented graphically.
The main drawback of these procedures was the introduction of an element of subjectivity by the person
interpreting the data. This weakness in the data acquisition system could lead to radically different evaluations,
and it was necessary to accept alarge tolerance field in order to document alterations. Standardised monitoring
systems similar to those established for the protection of environment are proposed for use as a condition control
in the protection and care of objects of cultural heritage.

The following main requirements are necessary for the establishment of a data acquisition system:

» the method must be clearly reproducible

» the procedure must not have any time limitations

» data collection and registration can be carried out continuously or cyclically
» thereisaclearly defined data structure

The requirements for a system monitoring of wall paintings, in particular, requires the detection of the following
phenomena:

» visual alteration of the surface (soiling, discoloration, lacunas, poor adhesion, poor cohesion)
» alteration of sub-surface adhesion (voids, cavities, interlaminal and intralaminal separation)

» 3D movements of the paint and ground layer (vibrations, salt efflorescence)

» changesin the climate triggering possible alteration processes (temperature, humidity)

» changesin the architectural structure

Within the framework of the Raphael project an interdisciplinary evaluation of various measurement procedures
was carried out. The methods tested form a part of a monitoring system which fulfils the general requirements of
adata acquisition system, and permits the detection of selected phenomena on wall paintings:

» multi-spectral imaging and analysis
» coherent optical measurements (video holography, vibration measurements, correlation measurements)
» thermohygric and climatological measurements

These methods had significant advantages, as they are non-destructive, require no surface contact, do not require
the erection of costly scaffolding, and are partially automated, which saves time and money. The initial results
are presented in the following reports. The findings are being analysed and evaluated by the working groups
participating in the Raphael project.

Read more
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Monitoring Systems

Multi-spectral (multi-band) Analysis
I ntroduction

Multi-spectral analysis within remote sensing techniques for describing the earth surface has been particularly
developed and extensively applied in the field of evaluation of aerial characteristics and land exploitation. A
comparable application used in close range for the description of architectural surfacesis still not available asa
tool, but isatarget of actual research projects.

In the past, different research projects carried out by the German Mining Museum in co-operation with the
Office for the Care of Cultural Heritage in Lower Saxony applied the basic techniques of multi-spectral analysis
for the documentation and monitoring of wall paintings. The practical applications of multi-spectral analysis
were discussed within the framework of the Raphael Project. The basis for the application of multi-spectral
analysis was the fact that all partners agreed on the use of photographic techniques for documentation of wall
paintings. Normal photographic techniques for documentation of wall paintings are a standard procedure in the
treatment process, which does not differ much from everyday photographic applications. But the scientific
potential within these photographic imagesis not utilised. This potential liesin the possibility of defining
optimal recording techniques for a given material in a specific condition by isolating the spectral information in
several close bands according to the spectral behaviour of the surface. This approach is very different to standard
photography, which applies the same method in all situations.

The potentia of multi-spectral images and multi-spectral analysis was tested on chosen areas in the three
churches participating in the Raphael Project: Tirsted (Denmark), Britsum (The Netherlands), and Konigslutter
(Germany). The main aims of the extended photographic techniques are:

* Objective recording of agiven condition at a specific time with the help of scientific and technical
photography.

 Enabling the intensification and/or reduction of specific data for a unambiguous visualisation of phenomena.
« Detecting changes through the comparison of images from different recording periods (monitoring).

Read more
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Monitoring Systems

Data and methods
Data

The basics for image analysis, and , more specifically, multi-spectral analysisis arecording of a surface by a
sequence of different pictures produced by calibrated and repeatable photographic procedures. Each single
picture of a sequence shows a defined amount of surface characteristics according to the spectral behaviour in a
chosen spectrum.

Experiences of research projects for the documentation of wall paintings have shown that a picture sequence
should consist of multi-spectral images, in addition to those taken by conservators with common photographic
techniques, such as normal and raking light, and UV fluorescence.

Generally, normal light photography with customary colour film gives an relatively realistic impression of the
object if the whole photographic process can be handled optimally. Such photographs can be produced with a
good cost-effectiveness, and their inclusion in the documentation of wall paintingsis considered to be
compulsory conservation practice.

Artificial lighting engineering based on high-pressure discharging lamps with their defined spectral power
distribution do not falsify the colour impression. With optimal handling and this lighting, the recording of the
image on the film gives an very close approximation of the colour rendition. The main disadvantage of colour
filmistheinstability of the colour layers during long-term storage.

Raking light photography visualizes the surface structure depending on the amount and the direction of the
radiation of the light source. The shadow play of the surface structure leads to qualitative information about the
configuration of the surface structure. These so-called relief images can be used to support classification
operators, if - for special formulations of questions - the geometric shape of the object is of interest.

UV fluorescence photography. Materials stimulated by UV light emit radiation of alonger wave length, whichis
visible and possible to capture photographically. The main application of this type of photography is to enhance
the difference of material properties.

Multi-spectral photography.

Using multi-spectral recording, the radiation reflected by the object is divided into several spectral bands, by
using different absorption filters, that only permit arestricted latitude of the entire wavelength range to pass
where only afixed part of the wavelength range can pass. The spectral bands are exposed sequentially on black
and white high-resolution film. Thus, each object is represented by a series of images, geometrically identical
but radiometrically different, according to the light permeability of the spectral filters.

For the optimal design of multi-spectral techniques the spectral properties of the wall painting materials should
be known, or smaller areas with atypical representation of the whole scene must be chosen to define these
properties. By these means, the information content of photographic images can be optimised by choosing a
variation of the number and width of the bands. This s the principle governing remote sensing techniques for
describing the earth's surface.

Thisis nearly impossible for the description of wall paintings because this type of knowledge is not available,
and the resources of state institutions for the care of monuments are too limited for the investigationsin this
direction.

Because of this drawback, certain band combinations, were chosen for their photo-technical applicability, as
seen on Tab. 1: Multi-spectral bands for the recording of wall paintings.

This method guarantees a defined and |ong-termed objective colour documentation of the object by separated
recording of red-green-blue bands.



Furthermore, it permits the detection of metamerism with the help of the intermediate channels orange and cyan.
In addition, information invisible for the human eye is recorded in the adjacent ultraviolet - and infrared-

sections.
Image 1, Band 1 Multispectral Ultraviolett (UV) 1360-380 nm
] Image 1, Band 2 ]M ultispectral Blauviolett (BV) ]390-470 nm
| Image 1, Band 3 |Mu|tispectra| Cyan (Cy) |455-540 nm
’ Image 1, Band 4 | Multispectral Griin eng (Ge) |495—550 nm
| Image 1, Band 5 |Multispectra| Orange (Or) |570-640 nm
| Image 1, Band 6 | Multispectral Griin weit (Gw) |480—570 nm
] Image 1, Band 7 ]M ultispectral Rot (R) |625-695 nm
| Image 1, Band 8 |Mu|tispectra| Infrarot (Ir) |715-740 nm
| Image 2 | UV-Fourescent | Colour Image
|Image 3 |Norma| Light |Co| our Image
| Image 4 | Raking Light |C0| our Image

Multi-spectral bands for the recording of wall paintings

Raphael-Project
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Monitoring Systems

Data and methods
M ethods

To support the computer-aided processing the photographic images are scanned in a calibrated process. By using
the colour charts in the photographs the brightness and contrast can be normalized. Subsequently, the digitalized
spectral bands and the additional photos (see Tab. 1: Multi-spectral bands for the recording of wall paintings) are
stacked into one multi-band image. If a geometric ground control is available the image can be rectified and
referenced to its origin position according to a given object co-ordinate system.

There are different methods to use the potential of multi-spectral images for the documentation of wall painting.
The information can be extracted by:

Visual monitoring on single and multi-band images

Each pigment or phenomenon is characterised by atypical spectral reflection. With this knowledge, visual
monitoring can start by examining single bands (this visua interpretation is defined by a set of rules, according
to those established for the interpretation of aerial photographs) or any two or three bands can be stacked to
achieve a pseudo-colour image to enhance the visualisation of the phenomena. For the visualisation of the typical
colour impression one can choose the red, green and blue band, e.g..

Creating new image files by mathematical or statistical combination of several images and / or band
combinations

Common image processing techniques create new information by mathematical combinations of bands, mostly
the difference or the quotient of two bands (index image). The difference image shows the absolute difference
between two bands, whereas the index image shows the rel ative differences between the input bands. Using these
methods one can achieve new artificial images or layers containing information which either enhance or even
extract information of the original or primary bands.

Automatic grouping of similar image segments (Classification)
Here, two methods can be distinguished:

Pixel-based: Pixels are sorted into afinite number of classes, or categories of data, based on their datafile value
If apixel satisfiesacertain set of criteria, the pixel is assigned to the class that corresponds to that criteria.

Structure-based: This method is based on the concept that important semantic information necessary to interpret
an image is not represented in single pixels but in meaningful image objects and their mutual relations.

If the typical statistical or typical structural property of a phenomenon can be described by mathematical means,
algorithms can be applied to isolate specific elements in the image. By this kind of image segmentation a certain
degree of automatisation can be introduced into the mapping process.

Read more
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Monitoring Systems

Data and methods
Results

Unless otherwise specified, the results were generated with the Software Erdas Imagine, Version 8.4.

The paintings on the vault in the church in Britsum

The photographs were made on January 23, 2001 at the medieval church in Britsum. An area of approximately
two square meters was recorded.

L bribwe LUK & 1087 {RIE)

Image of the painting in Britsum, composed of the red, green and blue band

In addition to the photographic documentation of the actual condition of the wall painting with the help of the
multi-spectral images phenomena were enhanced and classified.

On the painted textile robe, traces of an applied decoration technique can be seen. The negative imprints are also
described as “circles surrounded by dots‘. This phenomenon is hard to recognise on a color-slide. The



examination of the UV - band leads to a much better visualisation and a precise localisation in unexpected areas.

Visualisation of a special decoration technique in a colour image and the UV Band

In order to show the difference between an original part of the painting in contrast to a conservation treatment
another method is used. The 3-dimensional brushstrokes of the limewash in the background of the painting give a
specific relief in the raking light image. A discontinuation of a specific area shows local repair works (fillings)
which are seen on areas with aflatter surface texture. For better visualisation of this phenomenon a new image
was computed by the mathematical difference between the normal light and raking light slide.
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A mathematical composition of normal and raking light image, showing the differences in surface textures

A combination of the phenomena pertaining to the painting technique and the conservation treatment are shown
inthe UV fluorescence recording in different shades of blue/grey colours Some partsin the image, which are
coloured dark blue, were identified as areas treated asfillings or retouchings. Both phenomena show a specia
spectral signature in the UV fluorescence image and the multi-spectral bands, so a statistical classification
algorithm could extract these areas.

UV fluorescence Image of the wall painting (left side) and classification of the blue, grey-blue, and dark parts,
shown as a red, blue and green overlay

The colour chart in the image was also classified as related to a conservation treatment. The classification
algorithm has to be modified or extended, or the resulting image of the classification must be cleaned manually.

Remark: Another attempt at classification dealt with the tiny cracks which were found al over the surface. This
damage was not seen in this light because of the image scale. A bigger image scale has to be chosen for this
purpose.

A
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Monitoring Systems

Data and methods
Results

Unless otherwise specified, the results were generated with the Software Erdas Imagine , Version 8.4.

The paintingsin the Kaiserdom in Konigslutter

Certain areas of the decoration in the Kaiserdom were examined prior to the Raphael Project within the
framework of another project, with the aim of developing a conservation strategy. Some areas were documented
by normal photography, and later on by multi-spectral imaging.
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Image map of the north wall in the northern transept of the Kaiserdom, taken in 1994

The wall is contaminated by cement, which was poured into the space between the facade and inner wall during
atreatment in the 1970s attempting to stabilise the fabric. The cement suspension has spread through the drilling
holes and is visible on the surface in the form of grey running drips. Multi-spectral bands taken in 1998 show
this phenomenon very clearly.

Detail of the north wall in infrared band (left) and UV band (right). The infrared band suppresses the
visualisation of the cement. The UV band enhances this contamination

Within the framework of the Raphael Project an area from the wall with this damage was chosen for the multi-
spectral photography for the purpose of isolating this phenomenon.

A black and white image of a single painted stone from the wall in the northern transept, where the classification
of the cement contamination is overlaid inred

Because the cement has specific spectral characteristics, extraction was possible by statistical methods, which
allow for the isolation of all pixels with the same properties. This resulted in athematic map of the cement
damage.



A second area was chosen on the vault in the western part of the church, which was photographed in the winter
of 2000/2001 and the summer of 2001 for multi-spectral imaging and monitoring.

This image shows the condition of the painting on the vault with a combination of the red, green and blue bands
(left), and the UV fluorescence (right)

The greyish brown and dark areas were noticeable. Their extraction was possible because of their special
spectral behaviour, but the explanation for this phenomenon has not yet been determined.



Classification of the greyish brown areas shown as white (left), and the dark areas shown in green (right)
overlaid on the colour image

In order to compare the condition of the wall painting in the two monitoring phases afirst attempt was carried
out by computing a different image based on the colour slides, on the example of awall painting located on a
pillar in the crossing of the transept.

Condition of the wall painting in winter (left), and summer (right)



By computing a new image (winter minus summer) and making a contrast stretching to reduce the influence of
lighting difference an image with two classes is produced. One class, depicted in green, shows added paint by
retouching; the other class, depicted in red, shows lacunas of the paint layer.

The green colour on the left image shows the areas that were retouched. The red areas on the right image show
lacunas of the paint layer occurring in the period between the two monitoring phases

Read more
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Monitoring Systems

Data and methods
Results

Unless otherwise specified, the results were generated with the Software Erdas Imagine, Version 8.4.

TheWall paintingsin Tirsted Church

The multi-spectral photographs of a selected scene were taken on the 21st of August in 2000. The selected scene
(Scene 45) was very damaged, and contained very much non-original material, such as plaster repairs and
fillings.

Condition of the painting immediately after treatment (August 20, 2001). Thisimage is a combination of the red,
green and blue bands



Condition of the painting before treatment (Dec. 1999)

The UV fluorescence image taken after the treatment clearly shows the reconstructed parts of the pictorial
image. The plaster repairs are the dark areas, while the original materials are seen with a high reflection value.

UV fluorescence image taken on Aug. 20, 2000

Using only the reflection values it was not possible to extract the dark areas because they are not homogeneous.
The dark parts of the image contain a juxtaposition of opposite values, and the isolation of the dark areas would
lead to loss of data (pixelswith a high reflection value). Another image can be achieved by the application of the
method of edge detection, which produces a clear structural differentiation between the original material (dark
areas with painting) and the non-original material (mottled grey areas).



Image produced by edge detection in the UV fluorescence image

Utilising image processing methods which can isolate parts of the image dependant on the structure may produce
better results. Thiswas initially attempted by applying the software “Ecognition” by Definiens (Munich) to
detect the two techniques that were used by the conservators for replacing lost pictoria content: solid
monochromatic lines and hatched monochromatic lines.

Thisimage shows the two line types used for reconstruction: solid (left) and hatched (right)

The classification of the two line types was possible by examining minute areas containing line ends. If such an
area contained several line ends, it was classified as the hatched type and depicted with a black colour. The
purple colour denotes the solid lines.



Classification of the two line types was carried out on a selected area (green field). The image shows a first
attempt, with a correct classification result of about 70%. A better result would require further modification of
the definition of the search mask

Read more
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Monitoring Systems
Optical and Acoustical M easurements

The methods were developed and applied by the Applied Optics group, Department of Physics (www.physik.uni-
oldenburg.de) together with the Institute of Technical and Applied Physics GmbH (www.itap.de). Both
institutions are situated at the University of Oldenburg

Identification of poor adhesion of plaster in murals using video holography
Vib ESPI

Video holography makes the measurement of displacement and vibration fields in objects possible, even when
these are of sub-micrometer magnitude. Laser light scattered from the object surface isimaged by avideo
camera, where it is superimposed with a reference wave coming from the same laser (Fig. 1). The resulting
interference of these waves depends on their relative phase and is therefore changed when the surface of the
object deforms. Appropriate computer processing of sequences of such images yields, for example, the vibration
amplitude for each imaged location on the object.
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Setup of atypical speckle interferometer as part of the Vib-ESPI

The technique is used for an automated monitoring of loose regions in murals, thus extending the traditional
percussion method. Sound from aloudspeaker causes the loose areas to vibrate, which is registered by the
optical method. While the sound frequency is tuned through arange of typically afew hundred Hertz, all
resonances of the object surface are recorded. The datais turned into a pseudo-colour plot that indicates how
often a certain region vibrated - thus giving a measure for its loss of adhesion. In order to protect the valuable
historical painting vibration amplitudes are kept well below those induced by manual percussion. A considerable
advantage is the remote applicability which avoids costly scaffolding.

Read more
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Results
Thebarrel vault of the Kaiserdom Kdnigslutter

Sectionsin the barrel vault of the Konigslutter Kaiserdom were examined with the new method. This
examination was done twice, the first time in January 2000 and again in July. Fig. 2 shows the result of a manual
mapping with the conventional percussion method produced by the Landesamt fir Denkmal pflege Hannover
(Recker et al.), which was done in January.

Mapping of poorly adhered plaster recognized by the conventional percussion method

The detaching plaster is marked by blue hatching. Scaffolding was required because the painting is located about
six meters above the floor. The height of the area under investigation is about two meters. Fig. 3 taken in January
and Fig. 4 taken in July give the corresponding results from the holographic method obtained with the set-up on
the floor.



Measurements taken in January (left side) and taken in July (right side)

For orientation a black-and-white image of the painting is included as background. Areas marked red indicate
vibrations over awide frequency range. Here, the plaster has certainly detached. The green/blue regions showed
no vibrations and are considered sound. Fig. 4 shows increased |oose areas and also additional detached parts
compared to the result found in January.

A comparison of the results of both methods shows agreement in most regions. At the moment, the causes of the
differences between the two phases are thoroughly discussed by the interdisciplinary team.

Read more
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Results
Thevault in the church in Britsum

The measurement was carried out in January 25th at the medieval church in Britsum near Leeuwarden. A small
part of about two sgquare meters has been observed. The region, about three meters above the floor was part of an
arc on the left side in the apse. It was divided into an upper and alower part with a small overlap.




Image of the painting in Britsum showing areas where plaster has detached

For orientation a black-and-white image of the painting is included as background. Areas marked red indicate
vibrations over afrequency range from 250 Hz up to 1200 Hz. Here, the plaster has certainly detached. The
violet/blue regions show only vibrations in small frequency domains and are considered sound.

Read more
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Influence of vibrations caused by aircraft overfly on wall paintingsinside Britsum Church
Description of the actual situation

The medieval church in Britsum lies in the vicinity of amilitary airbase. Severa times per year lowlevel flight
practice takes place. The assumption was that these flights may cause vibrations inside the church that might
damage the wall paintings.

A plan was therefore devised to measure these vibrations inside the church with two different systems. In a
typica arrangement for vibration measurement a sensor sensitive to acceleration is placed on the wall. From this
signal one can derive the frequency dependence or the spectral distribution of the velocities. In Germany, a norm
[DIN 4150/ Teil 3] exists for this quantity, which establishes the level the vibration should not exceed in the
case of historical monuments.

The disadvantage of this method is that the sensor has to be in direct contact with the floor or wall. This means
fixing by wax, glue or screw. All of these possihilities are not applicable in the case of awall painting.
Therefore, alaser vibrometer was used, which measures the local movement of light scattered from a small spot
on thewall under investigation. This method is less sensitive than the accel eration measurement, but well above
the demands of the mentioned norm.

M easurement equipment

All of the results shown in this report are derived from accel eration measurements done with a DJB piezoelectric
accelerometer (model: A/1600/V ; series no.: 020). Calibration was done with aBriiel & Kjaer calibration exciter
(freg.:159,2 Hz; acc.: 10m/s? ; vel.: 10 mm/s; series no.: 4294-1749839). The signals are stored by a SONY dat-
recorder (model.: TCD-D7). The sensor was glued to the floor in the vicinity of the wall on which the paintings
of interest were located. The fly over test was performed by single jets and also in sequences of up to twelve jets
passing within afew seconds of each other over the church.

Thefirst tests show that the effects are below the sensitivity of the optical instrument. Therefore, it was not
possible to derive the influence on the wall paintings directly from a signal coming from the surface of such a
painting. Also, for all of the following measurements, only the accelerometer signal was recorded.

The dat-recordings were resampled and then analyzed by software from head acoustics. The time signals were
converted to wav-file format and stored on CD for use with typical PC based applications software.

Results

Onefirst has to compare the energy in the spectrum with the values given in the norm mentioned above in order
to derive the velocity spectrum from the given acceleration spectrum. In this new spectrum one has to integrate
the area below the curve for different frequency domains as given in Table 1 of DIN 4150/ Part 3 and to
compare the result with the values given in the table. The spectra shown are derived from an acceleration
measurement. Thus, the spectrum has to be weighted by a frequency dependent factor. The correction above 159
Hz will cause alinear decrease of the amplitudes with increasing frequency. Thus, the uncorrected spectrum is
regarded as a pessimistic estimate for the real velocity spectrum.



Thesignal in fig. 1lashows atypical signal caused by an overfly. Part | shows only the background noise without
jet noise. The second part shows the burst produced during the flight above the church. A comparison of the
spectrain b) and c) shows an increase of the noise level in arange from 50Hz up to 1.7 KHz of about 20db
during the flight passing the church. But the mean value is still about 50 db below the reference signal, which is
10 mm/s (0db). In thisrange, the DIN Norm allows values between 3 mm/s and 10 mm/s. The measured values
areroughly afactor of 300 below the values at which damage is expected.

In fig. 2 the signal and spectrum of the organ music are shown. The influence is higher than that of the aircrafts,
but still the peak values are at 40 db below the given limits. The spectrum shows typical lines caused by the
resonances of the pipes. Fig. 3 shows the result from the ringing of the church bell. In addition to the lines of the
typical bell sound, we find an increase of the lower frequency levels, which is probably caused by the
mechanical parts moving the bell.
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1 a) Time signal of measured acceleration

1 b) Spectrum of part | of signal shown in a)



1 c) Spectrum of part |1 of signal shown in a). An aircraft is passing above the church

Fig. 1: Typical spectra of acceleration signals without and with an aircraft passing the church in Britsum. The
spectrum in ¢) shows an increase of the noise level in arange from 50Hz up to 1.7 KHz of about 20 db during an
aircraft passing the church.

P S I T . T T S T R T T T T T T T T T T e T T T T T T T T ot SO T T 1
L L B b e e e e e o N (R | O I [ O e O o

2 a) Time signal of pipe organ
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2 b) Spectrum of marked regionin a)

Fig. 2: Thetypical spectrum of the pipe organ shows discrete lines which might lead to resonance of parts of the
loose plaster. Thisworksin asimilar way as the excitation of such parts of the wall painting by the sinusoidal
signals produced by the Vib-ESPI. In both cases the derived velocities are not in aregion that might cause
damage if compared to the norm.
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3 a) Sgnal of church bell
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3 b) Spectrum of marked regionin a)

Fig. 3: The discrete lines in this spectrum above 180 Hz correspond to the typical sound of abell. But,
additionally thereis alot of energy in the spectral region below 30 Hz. Thisis probably caused by the
mechanical parts moving the bell. If the bell-driving mechanism is directly supported by the walls of the church
tower, part of the energy will be coupled into the walls and then travel inside the walls of the church.

Assessment

The measurements have shown that the vibrations caused by the aircraft overfly are well below the limits where
damage can take place. A comparison with the load produced by organ music and also by church bell ringing
shows that there is no additional risk for the wall paintings. Additionally, one can expect that the outer wall of
the church acts as a shielding against the noise from outside. Also, the coupling mechanism into the wall from
noise propagating through air is fortunately very inefficient. The influence of the noise source - in our case an
aircraft - is strongly distance dependent. Therefore, the altitude at which the training flights take place should not
be lowered.

TIFEEEIZI ~ Britsum

Raphael-Project I'-‘.ﬁnigsll.:ltter




Yy K&ST

FONDS

ﬁaf?ﬁae[ ?’ny%zcr
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Correlation Measurementsat the Medieval Church in Tirsted
Description of the problem

As part of the RAPHAEL project a correlation method has been tested. The test was carried out at a medieval
church located in Tirsted on Lolland. The wall paintings there suffer from a damaging process caused by salt
efflorescence. The idea was to monitor the crystal growth by a correlation method during atypical heating cycle
in the church. Therefore, the air temperature was altered from about 11C up to almost 16C. The changein
humidity would probably start crystal growth and therefore alter the microstructure of the wall surfaces.

Correlation method

A simple method for monitoring changes can be carried out by subtracting successive images taken in regular
time steps. The method is not very sensitive but easy to apply. The speckle correlation method used here is much
more sensitive, especially to changes of the surface microstructure, which could not be resolved by the camerain
use. The surface has to be illuminated by a coherent light source, as a laser. The rough surface of awall
illuminated by this light produces a phase sensitive texture, or, commonly called a speckle pattern. This pattern is
used to detect local changes in the range of less than a micrometer.

UNAZE Processing

Typical set-up for speckle