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Scientific background:
The lack of objective methods of verifying the resistance to scratches of solid wood used in antique
wooden parquets forces us to search for other solutions. It is important to check whether a laser 3D
scanner makes it possible to determine the parameters of scratches made with a Taber device (the surface
of scratches, their depth and width). The parameters can be determined by comparing the coordinates of
scratch and surface points or by generating a 3D image of the surface.
The project is a part of analysis of the relations between the physical properties of wood and the
consequent morphological changes to the surface of parquet tiles after 180 years (Różańska et all. 2011a;
Różańska et all 2011b; Koryciński et all 2011; Swaczyna et all 2011; Różańska et all 2011c; Różańska,
Swaczyna 2011; Swaczyna et all 2010; Swaczyna, Różańska 2010)
The study included parquets dating to the 1830s, made of the wood species most commonly applied
in parquets in Poland: oak, ash, elm and pine.
The aim of the study:
The scientific objective of the research project is to analyse surface morphology with 3D methods for
determining the resistance to scratches of all wood species in different stages of degradation. Another,
additional objective consists in analysing the effectiveness of 3D methods in studying the properties of
surface of antique wood (roughness, scratch ability, wear resistance, ect).
Materials:
The sets of antique decorative wooden flooring chosen for research come from manor houses in
Przewrotne, Tarnowiec, Bieździedza and Falejówka. These manor houses contained complete, preserved
sets of wooden flooring that had not been subject to restoration yet. Thanks to that, it was possible to
determine the original flooring layers, their structure and manner of preservation.
The ash and pine flooring set of the Przewrotne manor house is the oldest one, probably original,
installed at the same time when the building was constructed, about 1823. Complicated relations among
the manor house’s inhabitants – the fact that at least two families lived there simultaneously – caused
numerous changes of the interior layout and damaged the flooring in some of the rooms. The floors that
were preserved until today are located in the Hall and in a room next to it in the frontside part of the
building, as well as in the gardenside rooms [Dwór Przewrotne (Przewrotne Manor House) 1980, 1984].
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Fig. 1. Tile flooring fragment (4 pieces) from the Przewrotne manor house: a – design with fibre direction,
b-wood species (ash-Fraximus sp., pine- Pinus sp.)

Another building included in the research is the manor house in Tarnowiec, dated to the 1830s and,
as the previous one, built in the style of Polish late classicism. It includes a preserved set of oak and oak and
ash tile floorings within the rooms of the garden side. The history of the building, as well as the design,
structure and state of preservation of the flooring (among others, traces of insect infestation on fragments
of the flooring in a room that after the war was used as a grain depot of the municipal cooperative) show
that the floors date back to the 1830s [Szczepaniak 2010, Bosak 2004, Dubiel 1994].
2

a

b

c

d

Fig. 2. Tarnowiec manor house: a – tile pattern in the Rooms no 1, 2 and 6 (oak-Quercus sp.); b – tile layout and state
of tile preservation in Room no 1; c-tile pattern in the Room no 5 (oak- Quercus sp., ash-Fraximus sp.); d- tile layout
and state of tile preservation in Room no 5

In the remaining sites it is more difficult to determine the age of the flooring.
A set of antique oak-pine tile flooring has been preserved in five rooms on the first floor of the manor
house in Bieździedza. The fragmentary flooring preserved on the ground floor is made of oak parquet
planks. The floors were made before the year 1910, when the building was renovated; however, their
design, structure and state of preservation suggest that they may even date back to the end of the 18th
century, when the building was modified [Barczyńska, Obrębka, 1975, Reiss 1977, Bosak 2000].
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Fig. 3. Bieździedza manor house: a – design and wood species (oak-Quercus sp., pine-Pinus sp.) of the tile in the Study,
Blue Room, Chapel and Library; b –tiles design from the Red Room (oak- Quercus sp.)

3

a

b

Fig. 4. Falejówka manor house: a-tile design (oak- Quercus sp.); b- tile layout within the room

Similarly, in the case of oak floorboards forming a herringbone pattern and of oak tile flooring in the
Falejówka manor house, their construction is related to a building modification, referred to with the date
“1924” that was preserved on the dormer façade. As the refurbishment involved mostly the adaptation of
the attic for bedrooms (the roof was elevated and a wooden knee wall was added to the bricked ground
floor), the modifications of the interiors did not affect the rooms on the ground floor. Therefore, the
ground floor flooring may be potentially even older and date back to the 19th century. [Bosak 2002,
Śnieżyńska-Stolotowa, Stolot 1982].
Working plan:
The project was developed by the two institutions (SGGW and IVALSA) in 6 work packages:
1. Preparation of samples (done at the SGGW)
2. Resistance to scratches and wear resistance tests (done at the SGGW)
3. Scanning of samples (done at the IVALSA by MSc Anna Rozanska and Dr.Jakub Sandak)
4. Processing the scans of samples: performance of measurements, initial point cloud processing,
definitive point cloud processing, triangulation, network of triangles processing, surface
generation, export of files to external applications (done at the IVALSA by MSc Anna Rozanska
and Dr.Jakub Sandak)
5. Evaluation of resistance to scratches tests (SGGW – IVALSA)
6. Analysing the effectiveness of 3D methods in studying the properties of surface of antique wood
(roughness, scratch ability, wear resistance, ect) (SGGW – IVALSA)
Research methods:
Wood samples of different hardness were used: pine -Pinus sp., ash -Fraximus sp., elm –Ulmus sp.
and oak -Quercus sp. Samples with the dimensions of 100 x 100mm were taken from tiles placed in the
middle, in external corners and on traffic routes within the rooms; due to equal potential factors causing
the degradation of the parquet.
The sample surface was manually sanded with 140 grit sandpaper in accordance with the guidelines
for parquet materials finishing. The sanding was done by hand in order to limit the influence of increased
temperature during processing on the sample surface properties [Sandak 2010].
Abrasion resistance tests were conducted with the use of a Taber device in accordance to the
standard PN-EN ISO 5470-1:2001. Resistance to scratches tests were conducted with the use of a Taber
device in accordance to the standard PN-EN 438-2:2005.
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The time schedule of the research includes scanning and processing the scans of samples.
We use the program recommended by IVALSA – Gwyddion – to perform independent analyses. The
program was serve to open files (*.sdf) and to provide access to three-dimensional maps of the samples’
surface. Before performing the measurements, we chose the area of analysis, level the map, do the zero
level, if needed, and filter with the use of a Gaussian filter, if necessary.
The depth was measured with the use of the “extract profile” and with our own program that
provided us with a numerical value of depth, width and surface of the scratches.
Even though the planned research methods (determining the depth and width of each scratch by
measuring sample cross-sections in several places with Gwyddion program) were able to map the surface
(create a roughness map) very well, they proved impractical due to the very complex procedure of surface
map filtration, subjective selection of measurement spots in several (not all) places and a limited amount of
information obtained by manual measurement of the 3D map. A major drawback of this method is the fact
that it is difficult to isolate scratches from anatomical features (Fig.5 and 6).

a

b
Fig.5a, b. Profile of the surface far from vessels, visible scratches
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b
Fig.6a, b. Profile of the surface through the vessels, visible scratches confused by anatomical features
Therefore, methods that would maximally objectivise the measurement results were looked for.
Furthermore, the new method proposed by the authors aimed at increasing the amount of source
data useful for further statistical processing, as well as at automating the measurement/analysis and
minimising subjective operator errors.
For this reason, after sample measurements, instead of measuring the shape (or area, or volume) of
scratches, we measured the maximum depth of scratches created by applying forces of 1N, 2N, 3N, 4N, 5N
onto each sample, on their entire length. A scanner constructed by dr Jakub Sandak of IVALSA-CNR was
used here.
The scanner is based on a triangulation method of mapping surface roughness with a laser line and a
video camera. The details of the method are described in an article by dr Jakub Sandak entitled “Optical
triangulation in wood surface roughness measurement” [Sandak 2007].
The laser illumination angle was 45 degrees. The laser used (LASIRIS TM. Stocker Yale Canada Inc.)
emitted red light, wavelength 635 nm, with a power output of 1mW. The laser generated a light-section of
the scanned surface, which was then photographed by the camera.
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The video camera (Pixelink – PIXELINK PL-A782 6.6 Megapixel with low distortion macro lens
(Optoengineering MC3-03x)) was installed at a zero-degree reflectance angle.
Fibre-optic illuminator was also installed (Stocker Yale Mille Luce-TM M 1000) apart from the laser (as
the light source). It allowed the image of the scanned sample to be generated in positions
identical/corresponding to the 3D scan. The picture was, by definition, a gray image containing no
information on colour.
The sample was mounted on a step motor-driven rotary stage made with Standa and Owis parts.
Due to varying sample thickness, each sample height was positioned with Pixel LINK Capture OEM
and SMCVieW programs.
Measurements were done with a program written by dr Jakub Sandak in National Instruments
LabVIEW 8.6.
The scanning cycle (assuming a 0.5deg accuracy and full sample rotation) lasted about 20 minutes.

Fig.7. Software for 3D surface scanning with laser triangulation (3D surface map)
The triangulation scanner measured a 15mm-wide surface with resolution of ca. 200 pixels/mm. The
camera field of view was minimised in the feed direction to minimise the amount of information and to
accelerate the measurement to around 400 pixels. The algorithm for profile computing was based on
determining the centre of gravity of the laser line for every point along that line. This centre of gravity was
later used to interpolate the 3D map. This interpolation was done after completing the scanning with the
use of dedicated software. This stage offered a possibility to select a determined resolution of the
generated 3D map, but, due to the computer memory limitations, the number of pixels representing the
roughness map was 5768x3000 pixels. Additional information on the scanning algorithm is described in the
publication that has already been mentioned [Sandak 2007]
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Fig. 8. Software for image gray (photo of scratches)
After scanning the sample with a triangulation scanner, an additional step related with mapping the
sample gray was conducted (Fig. 7 and 8). Thanks to the fact that an analogous sample mounting was
maintained, it was possible to correlate both images at a later stage.
The images were correlated using a program written in the LabViEW environment. The program
included the superimposition of images, manual selection of 50-pixel wide measurement lines,
multiplication of lines for all 5 scratches and manual verification of line paths.
Algorithm for computation of the scratch depth:
1. select track of one scratch on the gray image as an multiline (Fig. 9)
2. select additional four points on the gray image as four points (ROI) (Fig.10,11)
3. interpolate the multiline according to cubic interpolation
4. clone the interpolated multiline for other four scratches and plot them on the gray image (Fig.12)
5. allow operator to modify all the shapes of multilines in order to fit is as well as possible to the real
shape of distorted multilines (Fig.13)
6. ask operator to mark the area of image belonging to voids in order to reduce the effect of void on
the surface interpolation (Fig.14)
7. for each horizontal line select a vector of surface points, deleting parts belonging to scratches and
voids on the border, linear or cubic interpolation are available, the “width of line” is an control of
the number of pixels to be utilized for detection of the scratch depth
8. move all the points belonging to the processed line in order to make an average (mean) depth equal
“0” (again all the points belonging to scratches are not computed); it is a form of profile filtering
removing error of form
9. for each scratch the min value of the profile (in each image line) is determined and stored in the
memory
10. after determining all minimum values (maximum depth of the profile part) for all scratches and for
all lines on the image the average value for each scratch is computes as well as the depth
distribution for each scratch along the sample rotation is saved in separate file (Fig.15-16).

8

Fig. 9. Start and select *.bmp file

Fig.10. “please select a few points along one of the scratches”
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Fig.11. Points selected

Fig.12. Select four additional points belonging to following scratches
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Fig.13. Please modify selections if needed and if necessary please remove the voids at the border of image

Fig.14. Modifications done
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Fig.15. Computation of profile depths along the scratch for each scratch + computation of average value

Fig.16. Presentation of results in a form of profiles, 3D maps and charts showing distribution of the scratch
depth along the scratch for all five scratches
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Fig. 17. Result of measurement saved as txt file including five depth distribution of each scratch (to be
processed later by for example excel)
The results were analysed separately for each scratch (created by applying the force of 1N, 2N, 3N,
4N and 5N) on each sample (Fig.17).
Results: MAIN AIMIn the course of macroscopic tests compliant with the Polish standard PN-EN438-2:2005 of resistance
to scratches of bare wood and wood covered with non-coating substances (like wax or varnish), all samples
were assigned to the same group. Differences between scratch resistances could only be found with a
microscope, but it was difficult to find an objective method of interpreting the results.
Scanning the surface with a laser and 3D-processing of the scans in the Gwyddion program was also
not objective due to the very complex procedure of surface map filtration, subjective selection of
measurement spots in several (not all) places, the results’ dependence on the anatomical structure of the
wood and limited amount of information obtained by manual measurement of the 3D map.
The proposed method allowed to minimise operator’s influence on the measurement result.
Repeated measurement procedures for some randomly chosen samples showed a result discrepancy within
the assumed range of parameters with a statistical significance of 0.05.
Scratches were measured every 0.5 deg in order to shorten the measurement process and to create
an average of the results by decoupling the results and the anatomical structure of the sample wood.
Measurement of scratches along 50-pixel wide lines aimed at eliminating the influence of surface
roughness or mechanical damage (e.g. by insects).
Another advantage of the method is the fact that the measurements resulted in a vast amount of
data saved as a matrix of 2884 rows and 5 columns of maximum depth of each scratch, obtained for every
examined sample. The results were also saved in a text file, which allows to process them further in the
Microsoft Excel environment and to use them as raw data for future analyses.
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Fig. 18. Average depth of scratch done by applying the force of 5N, 4N, 3N, 2N, 1N on oak samples from Site
1 (a), 2 (b) and 3 (c) from Tarnowiec manor house Room 1
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Fig. 19. Average depth of scratch done by applying the force of 5N, 4N, 3N, 2N, 1N on an oak samples from
Site 1 (a), 2 (b) and 3 (c) from Tarnowiec manor hourse Room 4
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Fig. 20. Average depth of scratch done by applying the force of 5N, 4N, 3N, 2N, 1N on elm samples from
Site 1 (a), 2 (b) and 3 (c) from Tarnowiec manor house Room 5
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Fig. 21. Average depth of scratch done by applying the force of 5N, 4N, 3N, 2N, 1N on contemporary elm (a)
contemporary oak (b) and antique oak from the Falejówka manor house (c)
The average maximum depth of scratch created on each sample by applying the force of 1, 2, 3, 4,
and 5N was assumed as the result of the measurement (Fig. 18-21). The average maximum and average
minimum depth of scratches for each sample was also determined. Sample charts were generated to show
the variations of scratch depth path/distribution with 1 and 5N force applied (Fig. 22-27).
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Fig. 22. Variation of scratch depth (1N-5N) for contemporary oak sample, sample number D-1
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Fig. 23. Variation of scratch depth (1N-5N) for antique oak sample from Tarnowiec Room 1, Site 1, Sample
number T1-1-3
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Fig. 24. Variation of scratch depth (1N-5N) for antique oak sample from Tarnowiec Room 4, Site 1, Sample
number T4-1-1
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Fig. 25. Variation of scratch depth (1N-5N) for antique oak sample from Falejówka, Sample number 1
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Fig. 26. Variation of scratch depth (1N-5N) for antique elm sample from Tarnowiec Room 5, Site 1, Sample
number T5-1-16
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Fig. 27. Variation of scratch depth (1N-5N) for contemporary elm sample, sample number W-1
The further analysis might include representation of the average value of the scratch depth and/or
representation of the depth variation along rotation angle
ADDITIONAL AIMSThe feasibility of 3D scanning methods for assessing wood roughness and abrasion resistance was
also assessed.
In the case of antique parquets, their surface characteristics: roughness, abrasion resistance and
scratch resistance, can be understood simultaneously as aesthetical impressions, numerical quantification
or the properties of the material they were made of.
It is difficult to clearly define the term of roughness in the case of wood [Sandak, Negri 2005]. Due to
the wood anisotropy, an attempt to analyse its roughness as defined by standards yields result which
clearly depend on the choice of measurement spot.
Wood surface properties depend on grain figure, wood density/porosity, moisture, kinematics of the
cutting process and machine conditions. Other factors, which are more difficult to predict and correlate,
also influence the wood surface analysis procedure: temperature, ambient humidity, surface finish,
chemical degradation of the surface in the function of the time of the test, biological degradation (gray,
white and brown rot, or surface damage caused by insects).
Wood roughness, examined as a property of its surface in the sense of the standard, can be tested
using 3D methods [Sandak, Tanaka 2003]. The drawbacks of examining roughness with the 3D scanning
method are similar to the aforementioned drawbacks of examining scratch resistance with 3D mapping
only: complex procedure of surface map filtration, subjective selection of measurement spots only in some
places, the results’ dependence on the anatomical structure of wood and a limited amount of information
obtained by manual measurement of the 3D map (Fig. 28 and 29). The proposed method used for
examining scratch resistance can also be employed for assessing wood roughness, after adjusting the
algorithm.
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Fig.28. 3D map, part of the sample surface, visible scratches…

a
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b
Fig.29a, b. 3D map of surface irregularities, represented in 3D graph (by Gwyddion)
3D scanning is a useful tool in analysing abrasion resistance. The proposed method of analysing
scratch resistance can also easily be adapted to examining abrasion resistance by adjusting the algorithm.
However, the results of abrasion resistance tests done using traditional methods (weight method and by
measuring the depth of wear) are satisfactory.
Conclusions:
1. European standards on assessing wood surface properties, created for isotropic materials, need
to be modified for wood.
2. If European standards are used in assessing wood surface, methods based on the three
dimensional evaluation are recommended due to the anisotropic nature of wood.
3. These methods prove all the more useful if bare wood surface is being analysed (no coating
substances applied to the wood – e.g. lacquers and paints)
4. For antique wood, non-contacting methods are preferred.
5. In the case of antique wood, the proposed method of measuring scratch resistance ensures that
the results are as independent as possible from the anatomical structure of wood and damage to
this structure caused by, for instance, insects
6. The studies confirm that the formulated method is useful for assessing resistance to scratches of
wood surface.

Key words: Hardness, resistance to abrasion, resistance to scratches, surface quality, macrostructure
and microstructure of wood, antique wooden parquets
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