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polymerization processes of the conservation
treatments applied to stones.
In the light of the present study, “weight
control” appears to be a proper criterion in the
application of conservation treatments to
stone materials in laboratory conditions.
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ACCURATE TANGIBLE AND INTANGIBLE
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Figure 6. Raman spectra: top image, from consolidated stone at
different moments from the consolidant impregnation till 42 days
after. Bottom image shows the spectra from stone at different
moments from the water repellent impregnation (10%wt in WS)
till 42 days after (from Domingo et al. 2008).

1064 nm excitation) in a new trial to
investigate the possibilities of the technique at
785 nm. Nevertheless, as the portable Raman
instruments with excitation around 1064 nm
are arriving to the market, our Raman results
allow to foresee that such instruments could
be appropriated for in situ monitoring the
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Introduction
One of the most impressive archaeological
sites from Europe, from cultural and
documentary point of view, is Basarabi
Ensemble, discovered on 11 July 1957, during
the opening of exploitation rock mines. The
further archaeological researches let daylight
to rich valued inscriptions (in Greek, protoGlagolitic, Glagolitic alphabet and some of
them in an unknown writings, possible Runic
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signs), figurative representations (men’s –
priests or saints, birds – well known pigeon
motive, animals – rabbit, deer) and signs or
symbols —most of them crosses in different
types and shapes (Simileanu et al. 2008).
The Ensemble, inhabited from IX and
abandoned in XI century after Roman
administration retreat and Barbarian invasion,
has a great diversity of engraved elements, a
proof of the religious life in the Byzantine
epoch, elements that gives a high value of the
site and it makes it unique in Europe.
Situated in a chalk hill, the site makes an
interesting application from the investigator
point of view because of the degrading
surface, mainly due to the high value of the
humidity.
The notation of the site consists in B’s, 1 to
4, for the 4 churches, chambers C, in the SENW of the hill and the H and E gallery. All the
measurements were made in B1, B3 and B4.

B3 and B4 communicate, B3 being on top of
the B4.
Because of the advanced degradation and the
obvious irreversible loosing of important
incisions, over all assured conservation
conditions and monitoring of microclimate
dynamics – obligatory for the scientific
conservation strategy, an urgent and
extremely accurate record of the nowadays
remaining is a unique complementary saving
solution.
Recording of the microclimate parameters,
thermal analysis, investigation of the elements
from chalk constituents and especially 3D
shape recording of the details marked of the
surface were performed (Simileanu et al.
2008). A significant contribution regarding
first complex topo rising was that of a group
of architects coordinated by prof. M. Opreanu
(2002).

Figure 1. 10th Century map of Dobruja and the placement of Basarabi, at a distance less than 15 km from Tomis.

Microclimate
The archaeological site place is not one of
those where environmental pollution – as
related to air quality expressed by pollutants’
concentrations and dust- is the main issue.
For this reason the environmental monitoring
was focused on air temperature (T) and air
relative humidity (RH) term monitoring. A
network of data loggers was installed which
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recorded the parameters variation at each 15
minutes (Cassar 1995).
As it was expected, the results were very
poor and predicted a very fast surface
degradation in same improper conditions
(Camuffo 1998).
Analyzed interval is from 23.02.2005 to
25.08.2006 and the worse result that one
7
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referred to the very high gradients of all
parameters. The
maximum
recorded
temperature over entire intervals was of
23.2 °C on 21.08.2006, 16.00-17.15
h, recorded in B3. The same data logger
recorded on the same time a huge RH=82%.
The minimum temperature was -10.3°C. It
has been detected in the entrance to B4, on

26.01.2005, between 1.15h and 4.00h. The
RH in the same point and at the same time
was 54.1%÷ 56.2%. The database shows a
strong domination of high RH. The maximum
RH % - tending to 100% - was determinate
for almost 0.5% of time (763 records to
219504 total records).

Table 1. Microclimate parameters, Relative values taken for Humidity (RH) and Celsius values for Temperature (T).
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Figure 2. Microclimate parameters recorded between September 2005/ March 2006, in only one location.

A special significance and more information
about the environment stress are given by
high demonstrated gradients. For example:
The thermovision inspection helped us to
identify the most stressed areas. The selected
thermogram – from 09.02.2006 (11.00 h)
indicates the distribution of temperature on
the surface and all of them under 0ºC.
A porous surface with high water quantity
accumulated has a maximum thermodynamic
stress when all pores are frozen and the
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temperature has a large range of negative
values. Frozen-unfrozen changes generate
irreversible degradation: detaches, crackles,
and surface powdering.
3D Laser Scanning
3D digital reconstruction of the churches was
made using three-dimensional laser scanning,
a time of flight scanner, with phase shifting
principle. Because it is used a laser as a
source of radiation (Ȝ= 690 nm), the result is
showed in a grey scale, but by software tools,
a photo image can be matched over the 3D
8
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model to obtain a 3D digital representation of
the object.

Figure 4. Top view of B1. Three different scans, one for each
room. Grey scale points representation.

Figure 3. B1- crosses placed on pronaos to naos, resolution less
than 0.5 mm.

For a true 3D model a 3 wavelength laser
should be used (RGB), but, in this application
not the color made the interest of the
acquisition but the shape of the details
(Guarnieri et al. 2006).

For the B1 church 3 different full scans where
taken (the field of view of the scanner is 360o
horizontal and 270o vertical) with the mention
that for recording two different scans
common points are needed and for that
reason the scanner was placed in the middle
of each room to see the regions in the
corresponding chambers.

3D digital reconstruction was divided by two
aspects: high resolution models, for the fine
details (models with resolution starting of 150
µm) and a medium resolution (0.8-1 mm) for
the entire digital model of the churches (Ene
et al. 2008).
The main problem in digitizing the churches
was the dimension of the chambers, less than
3 meters, with the mention that the scanner
used for this application needs a minimum
distance, between the main head of the laser
and the scanned surface, of 1.5 meters.
Surface of the object can be represented both
in a point clouds or high resolution mesh,
depending of the details. For the high
resolution model (especially of the inscriptions
- mainly in the B4), the mesh representation is
the best one. The surface is interpolated by
polygons with the edge less than 0.2 mm
while the models of the churches were
preferred to be represented as cloud points, to
reduce the available data and to be processed
by the actual graphic systems computers.
Maybe the only advantage of the chalk walls
was the high reflectivity (cooperate surface),
which improved the resolution, the final result
of the model and also the time for scanning (3
days for the actual in situ measurements of
the 3 churches and another 1 month to
process the collected data).
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Figure 5. Bird model from B3.

Among the goals of this project was to
capture the details engraved on the walls.
Because of the rapid degradation of the
surface, the details may not be legible in short
time.
For this high resolution models
dedicated scans where made, at a distance
between the scanner and the detail to be
digitized of 1.5 meters.
The angular resolution used was 180 lines per
degree that corresponds at a resolution less
than 200 µm, when the distance between the
scanner and object to be scanned is 1.5 m.
Ideal method to use was the triangulation
method, but the dimensions and the weight of
the devices made almost impossible to carry
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out the equipment for the in situ
measurements. The used equipment has 510
mm L x 170 mm W x 285 mm H and 11 kg in
weight.
A second scan was made after 20 months. In
this case the attention was on the details from
the 3rd Church, symbols like the bird, horses
and even a ship, whose origins are in debate
(Russian or Vikings) (Agrigoraei 2006). An
attempt of this 3D printing was made for the
ship. Before the printing, an inspection of the
model was done, the maximum difference of
the levels observed was 0.3 mm, and so
reproducing at a scale of 1:1 was not the
answer: the model must be rescaled.
Also, 3 recordings where made in B4, for
details like the men, the bird and the labyrinth.
A comparative study was made on the bird
model. Considering the two models, one from
August 2006 and second from April 2008, a
degradation of surface was observed and
measured.

various museums and to scientifically reduce
the access of visitors into a possible future
museum.
This technology is based in layer growth of
the model, and in a couple of hours, we go
from the digital model to the real model. The
technique that was first applied in prototyping
engineering and now is used in more areas,
from architecture, healthcare entertainment,
jewelry and cultural heritage.
This technology is mainly based in printing
horizontal slices, a layer with thickness
between 80-100 m. The material used is high
performance powder, which is pasted with a
dedicated binder. The speed of the model
building is 2-4 layers per minute, meaning that
in one hour is growth 25-50 cm depending of
the complexity of the digital model.

Table 2. Information regarding the Internet available digital
models.
Name of
No of
Medium
No elements
Volume
detail
scans
resolution
Church 1
4
1.5 mm
28461834 pts
16.171
m3
Church 3
5
1.8 mm
43387089 pts
48.168
m3
Bird B3
Horses B3
Ship B3
Bird B4
Labyrinth
B4
Men B4

1
1
1
2
1

0.15
0.15
0.15
0.15
0.15

mm
mm
mm
mm
mm

1

0.25 mm

121427
178766
127120
149754

vertices
vertices
vertices
vertices

1625886 vertices

-

4049866 pts

-

Figure 6. 3D printed model of Bird representation from B4, 60%
reduced.

One of the first applications of this scanning
model is the possibility of a virtual museum,
accessible from everywhere via http transfer
protocol. With a simple Internet browsing it
may visualize the 3D model, with tools like
zoom in or out, rotate the object, walkthrough
and visualize from different angles. More
information about the stage of this museum –
in continuum upgrade - will be available at
Internet address: http://inoe.inoe.ro//basarabi.

The method is the answer to reproduce details
engraved on the walls and then exhibit these
models in public museums, or, maybe, a high
fidelity reproduction of one of the churches. A
first step in this direction is to evaluate the
dimensions of the model, in the case of B1,
may vary up to 5.8*2 *2 m, with a total
volume of 16.171 m3 (the volume of altar is
2.6 m3, naos 6 m3 and pronaos 7.2 m3 plus
entrances), so instead of bringing some
artifacts from the monument it's exposed high
definition copies of the details.

3D Printing
Another
interesting
application
is
3D
reconstruction of the object using the 3D
digital model. Starting with the virtual model,
using solid freeform fabrication technology,
and the objects may be reproduced in high
details, reduced, enlarged or even at 1:1
scale. The application offers a chance to keep
and study existing incisions, to exhibit in

Conclusions
To inspect the data, the preferred information
was the one of the points. First the data were
filtrated, eliminating the noise, all the available
filters of the scanner software where used
(export mask, min or max intensity,
contradictory or insufficient data). The clouds
of points where imported in 3D processing
software and then clouds where aligned in the
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same coordinate system. An auto alignment of
one scan was made to determine the proper
registration steps. In the first refine the
generated error was 1.3 mm, on the second
refine 0.26 and in the 3rd, the reported error
was 0.00 mm. In the case of the two different
scans, the firs reported error was 1mm, and in
the 3rd refine, the generated error was
0.26mm.
The resulting clouds, having the same
coordinates, the two surfaces were inspected,
being projected on a plane generated by the
surface of the reference cloud (2006 scan). It
was assumed that the maximum alignment
error was 0.26 mm, it was plotted only the
difference above this value. The registration of
2 clouds is made by identifying 3 common
points and then is applied an interactive point
algorithm.

like the ship. In other cases, the horses from
B3, where the engraved details have a height
of 1.1 mm, would be enough 5 years for the
inscription to be erase.

Figure 8. Degradation error map.



Figure 9. Degradation error plot.

Figure 7. Common reference points.

The inspection of the alignment of the two
clouds, was performed making vertical and
horizontal cutting planes and measuring the
differences between the extremes of the two
clouds, the maximum distance measured was
0.17 mm, comparable with the distance
between two points of one cloud (0.15 mm).
The degradation of the surface takes values
up to 0.56 mm, and the medium differences
recorded is near 0.35 mm.
Degradation error plot, even though the
maximum alignment error measured was 0.17
mm and the maximum generated was 0.26,
represents only the error above this 0.26
value (in the left image, Figure 9, the white
represent that the difference between the
scans is bellow this threshold).
In some cases, this erosive medium would
make that the inscription disappear in details
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