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ABSTRACT 

Due to the fact that wood roughness measurement results measured with stylus and optical 
methods are not always comparable a new calibration method was proposed. In order to compare 
the surface roughness parameters of the stylus tactile 2D roughness parameters and the optical 
3D roughness parameters a systematic experiment has been carried out on fourteen wood species. 
The essence of this calibration method is the use of metal calibration etalons for Rz = 20 µm 
and Rz = 30 µm and the filter option of the optical measuring apparatus. After the calibration 
process, the roughness profiles taken with the optical and stylus units were much closer each to 
other decreasing the difference in the measurement results of the two systems. Our study prove 
that the laser triangular method is less usable for the planed wood surfaces.  

KEYWORDS: Surface roughness, calibration, 2D and 3D roughness parameters, roughness 
measurement.

INTRODUCTION

For wood and wood product have not developed yet a universal measuring method for 
evaluating of the surface roughness (Gurau and Irle 2017). The visual examination of the wood 
surfaces are limited and generally rely on the subjective human perception (Sandak and Tanaka 
2002, Sinn et al. 2008). Different methods have been used to get accurate surface roughness 
parameters. Neither the light sectioning (Peters and Cumming 1970, Yang et al. 2006) nor the 
image analysis (Faust 1987) are not applicable to evaluate wood surface roughness in every case.
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The laser non-contact techniques are already applied for wood surfaces (Funck et al. 1992, 
Sachsse 1994, Lundberg and Porankiewicz 1995, Larricq et al. 2000, Goli and Sandak 2016) but, 
due to the porosity and reflectance of the wood material surface, laser techniques cannot always 
accurately characterize the surface roughness. Westkämper and Schadoffsky (1995) compared 
the laser focus and the stylus methods and found that the stylus was better able to detect wood 
surface roughness especially regarding on big porous species. The stylus method is more accurate 
to evaluate wood surface roughness than the laser triangulation device (Gurau et al. 2001). The 
laser and the stylus method registers different surface roughness profile from the same measuring 
line. A further problem that the 3D surface roughness parameter maximum height Sz, due to 
its definition, is determined by extreme values and it is much higher than its 2D counterpart 
maximum height of profile Rz. Therefore, Sz and Rz are hardly comparable at all. A further 
observation that the 3D core height Sk value is systematically higher than the corresponding 
2D Core roughness depth Rk value for the same surface. Consequently, to compare the 
applicability of the 2D stylus tracing system and the 3D laser measuring method for measuring 
wood surface roughness is an important task. The 2D model distinguishes the waviness from 
roughness by using electric filters. Two main filters have been standardised, 2RC and the digital 
phase-correction filter (GS). The 3D model shows the same problem of the need to distinguish 
waviness from roughness as the 2D model does. Therefore, it is possible to solve the problems 
of distinguishing waviness from roughness by using the existing possibilities. As a result, it is 
suggested that the distinguishing of roughness from waviness may be solved by dividing the 
surface into segments and connecting them by a polynomial into a unique surface, which presents 
waviness (Indof and Mahovic 2000). It is a proven fact that a single roughness parameter does 
not provide a comprehensive description for three-dimensional analysis of processed surfaces, 
even in the case of homogeneous metal surfaces (Dong et al. 1994). Wood is anisotropic porous 
material therefore to evaluate the wood surface roughness is difficult measuring task (Thoma  
et al. 2015, Laina et al. 2017, Magoss 2017). By investigating square areas on finished steel rings 
and polymeric blocks is observed that the sum (Rpk+Rk+Rvk) and (Spk+Sk+Svk), respectively, is 
more adequate for pointing out the material distribution within the surface topography. The study 
stated that the 3D measurements on both non-worn and worn surfaces have characterized the 
quality of the investigated steel and polymeric surfaces in a good manner (Deleanu et al. 2012). To 
characterize the internal relationships between roughness parameters of wood the summarized 
Abbott parameters (Rpk+Rk+Rvk) and (Spk+Sk+Svk) are also applicable (Csanády and Magoss 
2012, Csanády et al. 2015). Singh and Vatsalya recommended the use of autocorrelation function 
to investigate surface roughness. This approach is based on the idea that profile readings can 
be treated as random signals. This type of analysis has found extensive use in random signal 
processing in communication (Singh and Vatsalya 2015). 

Investigating wood surfaces, both the contact styles and laser techniques are used today to 
provide data points. However, stylus tracing remains the most accurate measuring technique 
despite its limitations and slow processing speed, compared to the laser technique, which is only 
usable in off-line measurements (Sandak and Tanaka 2002).

MATERIALS AND METHODS

In order to define the correlation between the stylus tactile 2D roughness parameters and the 
optical 3D roughness parameters systematic experiment series has been carried out. Investigations 
have been performed on fourteen wood species:
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- spruce (Picea abies Karst.)
- larch (Larix decidua Mill.)
- Scots pine (Pinus sylvestris L.)
- sessile oak (Quercus petraea Liebl.)
- Black locust (Robinia pseudoacacia L.)
- beech (Fagus sylvatica L.)
- aspen (Populus tremula L.)
- Carpathian walnut (Juglans regia L.) 
- field maple (Acer campestre L.) 
- Thailand rosewood (Dalbergia cochinchinensis P.)
- West Indian locust (Hymenaea courbaril L.)
- balsa (Ochroma lagopus SW.)
- red ironwood (Lophira alata Banks.)
- wenge (Millettia laurentii De Wild.)

From each wood species, 10 samples have been taken and both wood processing methods 
(planing and sanding) were represented by 5 samples. The samples were prepared with dimensions 
of 100 x 100 x 25 mm (long  x rad  x tang). For investigations all defect free, homogenous, radially 
cut boards have been selected (Fig. 1). Before surface preparation the wood material has been kept 
for 2 months in climate chamber at 23˚C and 50% relative humidity. When adjusting the different 
machining parameters, the target was to achieve the smoothest surface possible, so the machining 
conditions have been set after several preliminary trials. After two months the samples moisture 
content was between 8% - 12%. Under the measuring process, the climatic circumstances did 
not change.

   

Fig. 1: Scotch pine and sessile oak samples.

Machine parameters are chosen which produced the smoothest surface. The sanding was 
completed with a KÜNDIG Brilliant 2/1350 -CEd-L wide-belt sanding machine using IHD 
(Institut für Holztechnologie Dresden) sanding instructions (IHD 2012), and Tab. 1 displays the 
sanding parameters. Planing has been performed with PANHANS 436 type planer. The cutter 
head of planer had four knives with rake angle of 20° and knife angle of 50°. The rotation speed 
was 5000 min-1 and the feed speed was 3 m.min-1.

The 3D optical measurement was performed by a GF Messtechnik Micro CAD type 3D 
laser triangular surface roughness-measuring instrument. Measurements were based on phase 
measuring fringe projection (GF Messtechnik 2008). For measuring, the 2D surface roughness 
parameters Mahr PRK Perthometer was used. In order to have comparability, the measuring 
length was 12.5 mm; the resolution was in both cases 8 µm. The stylus with 90° tip angle and  
a spherical tip of 5 μm radius was applied. The primary P profile was measured and processed to 
avoid the influence of the filtering process.
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Tab. 1: Sanding parameters.

Wood Cut thickness 
(mm)

Feed rate 
(m.min-1)

Belt speed 
(m.s-1) Grit size

Hardwood
1.step 0.2 7 10 P100
2. step 0.1 7 8 P1800

Softwood
1. step 0.2 8 11 P100
2. step 0.1 8 9 P1800

In the first step 12.5 mm x 9.5 mm surface area was registered by the optical system then 
the same spot is measured by the perthometer. In the frame of the 2D tactile measurement of  
50 profiles were recorded. The interval between the profiles was 0.2 mm (Fig. 2). The  
50 evaluated profiles are averaged and their standard deviation determined. The first profile 
served as a standard 2D measurement result.

Fig. 2: The setup of the stylus measuring method.

The positioning of the samples was important part of the research, both measuring systems 
must record the same surface area. In order to achieve accurate positioning, marking was used 
(Fig. 3) and the positioning was made by the XY axis cross guide micrometre of the manual 
sliding tables.

       

Fig. 3: Positioning of the samples.

RESULTS AND DISCUSSION

Data evaluation based on 3D surface topography measurements has been made using 
ODSCAD 6.0 software. The 2D profile was also generated from the 3D surface area therefore, 
the surface roughness profiles of the two measuring methods come to comparable. Due to the 
accurate positioning, in Fig. 4 the comparison the surface roughness profiles are fully possible. 
The waviness of the profiles is almost the same, but the profiles of the optical system contain 
bigger irregularities. Consequently, the optical system registered higher surface roughness 
parameters. It should be noted that Dalbergia samples had a density of 1180 kg.m-3 with more 
specular reflection compared to the other two species.
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Fig. 4: Comparison of the optical and the stylus type measured profiles of three wood species.

The surface roughness parameters geometric mean height Sa and geometric mean height of 
profile Pa are summarized on the Fig. 5. The 2D profile roughness parameters P (EN ISO 4287: 
2000) of both measuring methods and the optical 3D surface roughness parameters S (EN ISO 
25178-2: 2012) also recorded. The 2D profile roughness parameters related to the surface are the 
average value of the 50 profile values and the standard deviation of the 50 values are also depicted. 

 

Fig. 5: 2-D surface roughness parameters P (EN ISO 4287: 2000) of both measuring methods and the 
optical 3-D surface roughness parameters S (EN ISO 25178-2: 2012).
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The most reliable roughness parameter is the sum of Abbott parameters (Spk+Sk+Svk) and its 
counterpart (Ppk+Pk+Pvk). The maximum height profile from peak height to valley depth is well 
defined and its measured value, using different measuring system, must be in good correlation.

The evaluation of Abbott curve parameters are also showed considerable deviance, especially 
by the summarized Abbott parameters (Ppk+Pk+Pvk) and (Spk+Sk+Svk) (Fig. 6). The samples with 
high density have shown the biggest difference. For example the Thailand rosewood (Dalbergia 
cochinchinensis) samples provided almost three times higher Abbott parameters by the optical 
measuring method than the stylus type system. The reason behind this phenomenon is likely the 
light reflection properties of these wood species.

The optical measuring system may be sensitive to the reflection properties of the surface: in 
case of diffuse reflection the measuring signal is always coming back to the receiving unit. At the 
same time, in the case of specular reflection, the measuring signal may arrive the receiving unit 
either partly or not at all. High density hardwood species are inclined to show specular reflection 
but the machining process has also definite influence on the reflection properties (Csanády et al. 
2015). The highest deviation in Fig. 6 are produced by planed surfaces.

 

Fig. 6: Comparison of the summarized Abbott parameters (Ppk + Pk + Pvk) and (Spk + Sk + Svk).

The wood material is an inhomogeneous material and, therefore, we tried to eliminate the 
biasing factors of the wood surface. For this purpose the metal master pieces of the perthometer 
was applied (Fig. 7). The resulted surface roughness profiles (Fig. 8) and parameters of the two 
measuring systems are showed the same tendency similar to the profiles and parameters which are 
derived from the wood samples. Consequently the difference of the surface roughness parameters 
is caused by the different working method of the laser triangular and the stylus type measuring 
systems. It means that the surface roughness parameters of the two systems are directly not 
comparable. To the proper use of the laser triangular surface roughness measuring method it is 
recommended the use of the tactile method to calibrate the optical measuring system.

    

    

               
Fig. 7: Metal master pieces of the perthometer.
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Fig. 8: Comparison of the optical and the stylus type measured profiles of the master piece.

The filter options of the laser triangular measuring apparatus could be the proper tool to 
calibrate the surface roughness profiles. The filter process was exerted to get closer the surface 
roughness profile of the optical method to the profiles of the tactile measuring system. After the 
calibration process the profiles of the two systems are almost the same (Fig. 9).  

 

Fig. 9: Comparison of the optical and the stylus type measured profiles of the spruce sample after 
calibration.

Fig. 10 generally shows a good agreement between optical and stylus methods but in some 
cases the difference could not be fully eliminated. First of all the dense hardwood species show 
more deviation. Note that the Scotch pine used has higher density around 700 kg.m-3 and  
a prominent colour difference between early and late wood which may also have some disturbing 
effect in the optical system. 

 

Fig. 10: 2-D surface roughness parameters P (EN ISO 4287: 2000) of both measuring methods and the 
optical 3-D surface roughness parameters S (EN ISO 25178-2: 2012) after the calibration.
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Finally, a question may be the reflection properties of the metal master piece (etalon) which 
is not known. In principle, several etalons should have been used which would differently reflect 
similarly to the measured wood species. Nevertheless, the proposed calibration procedure may 
decrease the deviations between the optical and stylus measuring systems due to their different 
operation principles.

CONCLUSIONS 

The advantages of the optical surface roughness measuring system are the processing speed 
and the non-contact working method. To exploit these features the laser triangular measuring 
system calibration is needed. This process could base on the results of the stylus type measuring 
system. The tactile measuring method has its own disadvantages but for wood material is widely 
used. Gurau and Irle (2017) have given specific recommendations regarding the selection of the 
measuring instrument (stylus), the length of evaluation (at least 40 mm), the measuring resolution 
(5 μm), removal of form error (with or without prior removal of wood pores), the use of the robust 
Gaussian regression filter, appropriate cut-off length (2.5 mm). After the calibration, the 2D 
surface roughness parameters P (EN ISO 4287: 2000) of both measuring methods and the optical 
3D surface roughness parameters S (EN ISO 25178-2: 2012) are became to be comparable. The 
laser triangular method is less usable for the planed wood surfaces, especially by wood species 
with high density. The next step of this research work will be the investigation the applicability 
of the confocal microscopy for evaluating wood surface roughness.
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