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Abstract

In this paper, a new method of measuring slicing checks for flat-sliced veneers was evaluated. The method is based on image
analysis of veneer cross-sections, having highlighted the slicing checks using surface staining. The segmentation of the checks
consists of global thresholding followed by some morphological operations. The outputs of the algorithm are check depth
ratio and check frequency. The method was tested on flat-sliced oak (Quercus robur L. and Quercus petraea (Matt). Liebl.)
veneers of different thicknesses (1.5, 2.5, 3.5 and 4.5 mm). Two distinct wood qualities and two different cutting directions
(Iengthwise-sliced and plain-sliced veneers) were evaluated. The algorithm performance resulted in an overall accuracy of
85% enabling an accessible method for relatively fast and accurate measurements of slicing check characteristics in lamella
cross-sections. Regression analysis indicated a lack of fixed bias but the presence of proportional bias with the presented
method. Check measurements indicate that by varying cutting parameters, it is possible to achieve desired check character-
istics independent of slicing thickness. The semi-automated slicing check detection method could benefit further research
and optimisation of the slicing process parameters and pave the way towards industrial quality control of slicing checks.
The intended area of application is veneer-laminated products for interior use with the focus on veneered wood flooring.

1 Introduction

Wood flooring manufacturing represents an important sec-
tor of the wood products industry, accounting for about 87
million square metres of production volume in Europe alone
(FEP 2018). Unfortunately, the use of wood as a material
for flooring is limited to about 5% of the market share (FEP
2018). One of the main reasons represents a high initial
household investment (Jonsson 2005), which is directly
related to raw material costs. At the moment, parquet is the
most common wood flooring construction type due to its
real wood feel and optimised use of valuable raw-material
(FEP 2015). Parquet represents a multi-layered wood floor-
ing construction with a required top-layer thickness equal to
or greater than 2.5 mm (SS-EN:14389 2017). It is estimated
that the top layer represents only about 20% of the floor-
ing element volume but at least half of the total material
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costs. This is partly due to the limited number of species
and qualities suitable or desired for flooring top-layer pro-
duction, mainly represented by oak (Quercus ssp.) (FEP
2015, 2018), which is also highly demanded by other wood
products industries. As a result, flooring top-layer mate-
rial is several times more expensive than the core material.
Other reasons for the high material costs are raw material
defects, high quality demands, processing challenges and
over-processing. It is estimated that less than a quarter of
log volume is used for the production of top-layer lamellae
with a high added value; most of it is used as energy waste,
with low added value.

One of the most significant losses of high-value solid-
wood material in flooring top-layer production occurs dur-
ing the sawing of wooden slabs into lamellae. This process
requires a cutting kerf that can represent a significant share
of the material volume: about 20-30%, depending on the
cutting equipment and lamella thickness. Therefore, chal-
lenging the kerf-based cutting is of great interest and sig-
nificant to the performance of low to medium value-added
wood products industries where the costs of the raw material
are high.

Wood slicing or flat-slicing is a kerfless cutting technique
with the potential to achieve one of the highest raw material
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conversion rates among the currently available wood-cutting
techniques, due to its lack of sawdust production. This tech-
nique is particularly suitable for the processing of valuable
raw material where the production involves many internal
cuts. The most common slicing thickness is between 0.3 and
2 mm. The resulting products are called veneers. Veneers
produced by flat-slicing can be either plain or lengthwise,
depending on the vertical or horizontal slicing equipment
used (Pfriem and Buchelt 2011). Slicing can be performed
at thicknesses up to 12 mm (Peters and Patzer 1976). The
nomenclature for elements thicker than 2 mm is though,
unclear. Sliced veneers 3 mm- to 5 mm-thick are commer-
cially called flooring lamellae due to their intended applica-
tion (Danzer Holding 2017).

Currently, the slicing technique has limited application
to flooring manufacturing due to the quality aspects of pro-
duced veneers, mainly characterised by slicing checks, also
called micro-checks (Grubii and Johansson 2019). Slicing
checks represent ruptures that occur due to high radial ten-
sile stresses induced by both the cutting tool and the pressure
bar (Marchal et al. 2009). Checks affect the strength, appear-
ance, and safety of wood products. Under constant relative
humidity, slicing checks remain hidden under the coating
layer. Checks migrate to the surface and become visible by
cracking and deforming the coating layer when the mate-
rial is subjected to drying conditions (Burnard et al. 2019;
Grubii and Johansson 2019). This effect is present in cold
climates where there is a considerable variation in indoor
relative humidity between seasons.

The occurrence of slicing checks has been mostly studied
for rotary-cut veneers (lathe checks), as it is believed that
they have a direct effect on the mechanical properties of
structural products such as LVL and plywood (Denaud et al.
2007; Tomppo et al. 2009; Palubicki et al. 2010; Dupleix
et al. 2013; Rohumaa et al. 2013; Pot et al. 2015; Purba et al.
2019). In these studies, checks depth ratio (CDR) in relation
to the veneer thickness, and checks frequency (CF) were
considered to be the main parameters influencing veneer
quality, also referred to as veneer tightness (Lutz 1977; Cas-
sens et al. 2003). A general rule is that veneers with CDR
lower than 50% are called tight veneers, denoting a good
quality while those with a CDR higher than 50%, are called
loose veneers meaning a less good quality (Lutz 1977).

To quantify the occurrence of checks in sliced veneers,
scholars have mainly used microscopical (Buchelt et al.
2018) and macroscopical (Tomppo et al. 2009; Antikainen
et al. 2015) inspection. The advantage of these methods
is the ability to detect the precise depth of checks and to
observe potential co-relation between the macroscopic struc-
ture and defect occurrence. However, manual measurement
of the slicing checks is a tedious process and cannot be used
for quality inspection; therefore, methods to detect and
measure them automatically are needed.
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A method of automatic lathe check detection with focus
on CF and CDR was presented by Palubicki et al. (2010).
Their method, also known as SMOF device, was further
utilized and developed by Dupleix et al. (2013), Pot et al.
(2015), and Rohumaa et al. (2018). Antikainen et al. (2015)
presented a method for check detection based on trans-illu-
minance. The advantages of this method consisted in a large
bending radius; thus, reducing the risk of veneer rupture.
Unfortunately, these methods cannot be used to measure
thicker, pre-dried and flat-sliced veneers, as the material is
inherently more brittle and cannot be bent under the pro-
posed radiuses without rupture. Another method for auto-
matic check detection, based on observing strains during
rapid drying was proposed by Burnard et al. (2018). The
method was used to quantify slicing checks in the longitudi-
nal-tangential surface plane based on their length and width
(Burnard et al. 2018, 2019). Unfortunately, the method was
not extended to characterise the slicing checks by depth.

To the best of the authors™ knowledge, no commercial
solution for measuring slicing checks has been developed.
As a result, the optimisation of slicing parameters is some-
what subjective and limited. Measurement of slicing checks
would allow veneer producers to optimise the slicing param-
eters. In addition, the measurement of slicing checks can be
an essential way for wood product manufacturers to control
the quality of their final product and adapt the processing
technology and product construction to cope with slicing
check defect. The measurement method should be applied
to pre-dried veneers before the pressing process. Ideally, the
method should be applied in-line and be non-destructive.
Measurement output should be information about check
properties, such as depth, length, width and thickness. The
lack of check measurement methods might be the reason for
a limited understanding of the influence of check properties
on final surface checking (Burnard et al. 2019).

The advancement of a measuring method for slicing
checks properties would enable future research into the influ-
ence of veneer processing parameters, (e.g., raw material
characteristics, slicing equipment, cutting conditions, drying
technology) on veneer quality and the influence of slicing
checks on surface checking in veneered products. The aim of
this study was to provide an inexpensive, relatively fast and
accurate method of measuring slicing checks on flat-sliced
veneers with a possible application to flooring products.

2 Materials and methods

The proposed method for slicing check quantification is
based on highlighting the slicing checks using a black textile
staining dye (Tomppo et al. 2009; Antikainen et al. 2015)
and check segmentation using an image processing algo-
rithm. The dye was prepared according to the manufacturer’s
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recommendation, and veneers were surface stained. Prior to
staining, veneers had a moisture content of about 8%.

Veneers were stained to the degree that a slight liquid
film was present on the surface after application. Veneer
samples were left aside for 4 h to allow the stain to penetrate
and dry. After staining, specimens were produced by cross-
cutting small veneer ribbons with nominal dimensions of
200 x 20 mm using a manual power-saw. The goal was to
achieve a mediocre surface quality so that the method could
be reproduced in an industrial quality control environment
and reduce surface quality bias.

Materials for this study included mainly plain-sliced wood
veneers and a few lengthwise-sliced veneers produced by an
industrial partner. The veneer species evaluated in this study
was oak (Quercus robur L. and Quercus petraea (Matt).
Liebl.) harvested in Northern Europe. Veneers produced
with a vertical slicer (plain-sliced) were produced from
sawn slabs with nominal dimensions 2500 220X 85 mm.
Slabs were pre-treated by water-soaking at 90 °C for 58 h.
Lengthwise-sliced veneers were produced from similar slabs
and were steamed for 48 h at 80 °C prior to slicing.

The method was tested on different veneer thicknesses,
(i.e., 1.5, 2.5, 3.5 and 4.5 mm). Six veneer ribbons per
thickness group from different and randomly chosen lamel-
lae were used to test the method. Additionally, six veneer
ribbons were extracted and prepared from low-quality
4.5 mm-thick plain-sliced lamellae and six from 4.5 mm-
thick lengthwise-sliced lamellae. An overview of specimen
numbers and characteristics is presented in Table 1. The
1.5 mm and 2.5 mm-thick veneers were conventionally
dried using conveyor-belt dryers at 80 °C while the 3.5- and
4.5 mm-thick veneers were air-dried and kiln-dried at 40 °C.
These represent the standard drying conditions and param-
eters used by industrial producers to obtain optimal quality
veneers for the given thicknesses.

The two thickness groups were processed on two differ-
ent slicing machines: the 1.5/2.5 mm group was produced
on a typical veneer vertical slicer manufactured by Cre-
mona while the 3.5/4.5 mm group was sliced on a vertical
slicer for thick veneer slicing made by Babcock-BSH. The
knife angle and cutting speed were constant for processing
all veneer thicknesses. The slab inclination angle was set
based on annual ring orientation. Pressure, gap and lead
were adjusted based on the veneer thickness according to

Table 1 Specimen number per direction of slicing and slicing thick-
ness; (A)/(C) denotes wood quality

Slicing direction Thickness

1.5 2.5 35 4.5
Plain 6 (A) 6 (A) 6 (A) 6 (A)/6 (C)
Lengthwise 0 0 0 6 (A)

the veneer manufacturer’s knowledge. Additionally, ribbons
of lengthwise-sliced 4.5 mm-thick veneers were analysed.
These veneers were produced on an industrial horizontal
slicer made by Marunaka.

Raw material quality is believed to have a strong influence
on slicing quality (Lutz 1977); consequently, wood quality
was also evaluated. Veneers were produced from log slabs of
different defined grades: A and C. Grade A were slabs with
no visual defects and straight grain, while grade C had mul-
tiple defects, such as knots, check, and pith. Cross-cutting of
thin veneers that contained defects with conventional sawing
techniques proved to be difficult as many samples had major
breakings during sample preparation. As a result, for this
initial study, it was decided to evaluate the occurrence of
slicing checks for grade C for the 4.5 mm thickness group
only with the six specimens prepared (Table 1). Grade C
represents an unusual wood quality for veneer production
(Lutz 1977); however, it is relevant for flooring top-layer
production.

2.1 Experimental set-up

A Canon 600D/Rebel T3i CMOS sensor camera with a
4.29 pm pixel pitch was used for image acquisition. The
camera was equipped with a Canon Ef 100/2.8 USM macro
lens and Canon extension tube EF25 II. The distance from
the specimen surface to the camera sensor was 28.2 mm. The
subject was recorded with a magnification ratio of 1:2. The
camera was placed perpendicular to the veneer sample and
moved by a motorised slider Konova Kms-3 at a feed rate
of 12 s/frame. Veneer ribbons were inserted in the 4.5 mm
wide routed slot of a self-made mould (Fig. 1). Frames were
captured using an exposure time of 0.8 s and an aperture of
f/16. As a result, a lamella section was captured in 120 s
allowing for some slack time between frames. With an up-
to-date image sensor or a different image acquisition tech-
nique such as line scanning, the time for acquisition could
be significantly reduced.

Veneer

Mould

Motorized
slider

Fig. 1 Image acquisition set-up
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2.2 Detection algorithm

Raw images were analysed separately because whole lamella
sections tend to have a warped or multiple curvature shape
and are, therefore, difficult to align. Frames were measured
to have approximately 5% overlap along the ribbon. The
image processing algorithm was performed with MATLAB
R2019b software on an Intel® Core™ i7-700 CPU 2.8 GHz
processor with 16 GB RAM hardware.

A simplified schematic representation of the detection
algorithm is presented in Fig. 2 and in more detail following
the pseudocode in the Online Resource 1. First, frames were
roughly cropped at the region of interest (ROI). Afterwards,
they were linearly straightened using a Hough transforma-
tion (Motl 2020). Then, images were manually cropped by
fitting a rectangle to the mean nominal veneer thickness
(Buchelt et al. 2018). This was done because, on some
occasions, the straightening function did not successfully
align the veneer section; the operator would insert a crop-
ping command or manually remove the straightening step
if the sample was relatively straight. Afterwards, images
were enhanced using an intensity stretching technique. In
this way, checks were further separated from wood texture,
and the histogram was equalised. The intensity stretching
allowed for the use of a simple thresholding method based
on a global value. After multiple pre-tests, a good thresh-
old value for the data images was considered to be 0.25 X 1,
where I is the pixel intensity.

After segmentation, pixel values were inverted, and
images were rescaled to remove 10% of the top and 10%

Fig.2 Check detection and
measuring algorithm sequence
diagram
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of the bottom rows. This was done to limit the interference
of the background or wood area that had been excessively
stained. As can be observed in Fig. 2, there is a staining
particularity: vessels tend to be stained similar to checks.
Therefore, one of the first de-noising steps was to apply a
shape filter to remove round-shaped vessels.

The characteristics of checks, together with staining and
surface quality, ensure that some of the checks will not be
stained through and will be segmented as multiple compo-
nents, similar to the “bridging” effect discussed by Palu-
bicki et al. (2010). To connect them, a morphological dila-
tion structuring disc-type element with a 50-pixel radius
was applied. At this point, the remaining noise was filtered
with a morphological threshold in which components of
reduced size, circular shape, low angle and height position
were removed. Some checks will still be separated into
two or more components because they were further apart.
Consequently, a second morphological dilation line shape
element was applied with an orientation equal to the mean
orientation of the longest three checks and a length equal
to a third of the image height. This was due to the fact that
lengthy checks, including fragmented ones, tend to have a
similar orientation. The final step of the algorithm was to
remove the remaining noise and label the connected com-
ponents as checks. Then, CDR was determined by divid-
ing the height of the check’s bounding box to the rescaled
veneer thickness and values adjusted using the scale factor.
Finally, CF was determined by dividing the number of
detected checks to the image converting unit.
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2.3 System performance evaluation

For validation, 12 specimen sections were selected for manual
CDR measurement. The measurement of visible slicing checks
was performed using the MATLAB Image Label tool with
one operator. The performance of the system was evaluated
by standard metrics used in object detection tasks (i.e., preci-
sion, recall and accuracy). These metrics were calculated using

Egs. (1)—(3).

.. TP
Precision = —— €h)
TP + FP
TP
Recall = ————
T TPrEN &)

2 X Precision X Recall
Precision + Recall

Accuracy = 3
where TP is the true positive rate or the number of correctly
classified labels as checks. FP is the false positive rate or
the number of incorrectly classified labels as checks, FN is
the false negative rate or the number of undetected checks.

To express the relationship between detection algorithm
results and manually measured values, a Mode II regression
analysis with R software was performed on 632 true positive
checks. For current data, both major axis (MA) and standard-
ised major axis (SMA) or the ordinary least products (OLP)
methods are suitable for regression parameter estimation and
method validation or calibration against one another (Lud-
brook 2010).

3 Results and discussion

Overall results of the proposed algorithm can be viewed in
Table 2. The measurements of check properties in the cross-
section gave a reasonable estimation of their characteristics
with an overall calculated accuracy of 85%. The value seems
to be fair compared to other detection algorithms applied
to wood-texture images (Hashim et al. 2015). The obtained
results are somewhat unbalanced towards a lower FP rate com-
pared to the FN rate or higher precision vs recall. A lower FP
rate was preferred due to the fact that increasing the number of
FPs involved a significant increase in the measured CDR val-
ues that would erroneously alter the perceived veneer quality.
A higher FN rate when compared to FP rate, is due to missed
shallow checks of irregular shapes, instances where staining

Table 2 Summary of results obtained with the proposed algorithm

Precision Recall Accuracy [%]

0.92 0.79 85.02

occurred around checks and checks that were closely spaced
(Fig. 3).

The results of the regression analysis are presented in
Table 3. Both MA and SMA methods produced similar
results, indicating the absence of fixed bias (constant shift
of predicted values) i.e. confidence intervals of the intercept
value of [2.34, 1.63] and [— 1.12, 2.01], for the MA and
SMA method, respectively. However, proportional bias is
present (increased error with higher detected values), i.e.
confidence intervals of the slope value of [1.06, 1.19] and
[1.05, 1.15] for the MA and SMA method, respectively.
This suggests that a larger error is expected when measuring
checks with a high CDR. Individual CDR values obtained
with the detection algorithm method versus manual meas-
urement are presented in Fig. 4. It can be observed that the
proposed algorithm detected a slightly lower CDR compared
to the measured values. This was mostly due to the discon-
tinuous checks that are not able to join without affecting the
FP rate. As a result, the algorithm currently neglects the tips
of discontinuous checks of relatively short lengths. Detec-
tion of larger CDR compared to the measured values was
due to the presence of background noise, such as darkened
wood, shadows, and tight groups of vessels that were not
filtered out.

Overall results of CDR and CF for the material and
method of this study are presented in Table 4. It can be
observed that veneer thickness had a limited effect on CDR,
similarly to thin flat-sliced veneers (Buchelt et al. 2018).
Rough estimates of CDR for plain-sliced veneers used in
this study ranged from 40 to 50%, with the highest values
represented by the lowest cutting thickness used: 1.5 mm.
It can be inferred though, that the results were influenced
by a number of uncontrolled factors such as varying cutting

Fig.3 Examples of frequent false detections of the current algorithm
(a open checks (false positive); b connected checks (false negative); ¢
surrounding check

@ Springer



1004

European Journal of Wood and Wood Products (2021) 79:999-1006

Table 3 Mode II regression results for CDR for the detected vs. measured methods

n=632 r(Pearson)=0.81 r=0.66 Number
permuta-
tions=99
Intercept Slope Angle (degrees) P-permutation
MA -0.29 1.13 48.38 0.01
SMA 0.48 1.1 47.75 NA
95% C.1. Intercept 95% C.1. Slope
Lower bound Upper bound Lower bound Upper bound
MA —2.34 1.63 1.06 1.19
SMA -1.12 2.01 1.05 1.15

conditions, equipment, drying schedules and wood material

100 f . P
90 F .
80 F
701
60 [

50

Measured [%]

or LT,

30F

. g *  Single checks
20 & . . Linear fit 1
o " . — — — Prediction bounds (95%)
10 4 I L L | T T —d
10 20 30 40 50 60 70 80 90

Detected %)

Fig.4 Detected vs. measured CDR plot with a linear model fit and
confidence intervals

Table 4 Measurements of mean CDR and CF for sliced oak veneers

Slicing direction  Thickness Mean CDR [%] CF [checks/mm]
[mm]/Qual-
ity Mean St.dev Mean St.dev
Plain 1.5/A 53.71 8.07 049  0.08
2.5/A 42.65 4.79 043  0.05
3.5/A 46.87 541 0.38  0.06
4.5/A 41.33 3.88 0.35  0.08
4.5/C 42.02 4.12 0.39  0.08
Lengthwise 4.5/A 3455 292 043  0.05
proprieties.

The results of the CF measurements (Table 4) indicate a
negative effect of the veneer thickness on the CF, similar to
the results on lathe checks (Denaud et al. 2007; Palubicki
et al. 2010; Rohumaa et al. 2018). However, this effect has
limited industrial application since, for many finished wood
products, an essential requirement is a “null check toler-
ance”. In the context where more load-bearing products

@ Springer

would involve the utilisation of flat-sliced veneers, these
findings would be necessary for material and product model
simulation. This is particularly interesting, as CDR values
reported for rotary-cut oak veneers of similar thickness
(Purba et al. 2019) were significantly higher than the ones
obtained in this study for flat-sliced veneers.

Results of CDR and CF measurements in relation to the
wood quality for 4.5 mm-thick plain-sliced veneers may
indicate an insignificant dependency (Table 4). However,
this observation is based on a small sample size, and there-
fore, more representative experimental studies are needed to
test this relationship. A particular characteristic is that when
low-quality wood is sliced, checks accumulate at the loca-
tion of the defect (eventually through checks). This means
that the regions surrounding large defects experience fewer
and shallower checks than defect-free wood. This is a strain-
release effect of the defect zones (Cassens et al. 2003) that
could explain the insignificantly lower quality of C-grade vs
A-grade sliced veneers. A drawback of slicing low-quality
wood is a relatively fast knife-edge recession if the wood
contains fresh knots and veneer lamellae rupture if defects,
such as dead knots or shakes are present.

The effects of the slicing direction on the slicing checks
characteristics are presented in Fig. 5. It can be observed that
lengthwise-sliced veneers, have on average, shallower checks
compared to plain-sliced veneers, indicating a slightly bet-
ter quality for lengthwise-sliced veneers compared to plain-
sliced veneers, which is in accordance with the results of
Pfriem and Buchelt (2011). This is probably due to different
cutting conditions, (e.g., much higher oblique cutting angle,
meaning the angle between the knife-edge and the normal to
the wood-fibres direction, when slicing lengthwise compared
to plain-slicing).

Slicing checks orientation usually follows the direction
of the knife cutting (Lutz 1977). Depending on the position
of wood within the log, slicing checks are either parallel or
normal to the direction of multiseriate rays. This particular-
ity is important, as manual observations indicate that checks
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Fig.5 Mean CDR and CF depending on the slicing direction for
4.5 mm thick sliced veneers

oriented parallel to the rays tend to be deeper than those nor-
mal to the rays, similar to previous findings on lathe checks
(Cassens et al. 2003; Rohumaa et al. 2018). The method
discussed in this paper can be extended or adapted in the
future to measure the distinct anatomical features of wood,
such as multiseriate rays, vessels, annual rings, and early-
wood/latewood proportion making the quantitative analysis
more substantial.

The main goal of the method described in this paper was
to facilitate the measurement of slicing checks on veneer
ribbon cross-sections. A drawback of the algorithm is the
lack of automatic ROI fitting, which should be the next step
for method improvement. In addition, the method is depend-
ent on the imaging characteristics and staining quality, and
therefore, needs refinement for robustness and use in differ-
ent conditions (e.g. species, contrast, and lightning). Inte-
gration of edge-detecting, pattern-recognition and machine
learning algorithms could improve this issue considerably.

An advantage of the current method is the possibility to
measure the whole section of a lamella and analyse check
characteristics variation due to wood annual ring orienta-
tion and the presence of defects. Theoretically, the method
can be applied to a production flow to measure the slicing
checks on the two ends of sliced lamellae. Veneer ribbons
can be obtained from veneer lamellae sides by cross-cutting
with regular cutting equipment. These parts are usually
used as fire waste, and if the method is applied, the mate-
rial yield will not be negatively influenced. The application
of this method would increase the complexity of logistics

and require additional investment. Hence, it would be more
economically beneficial for any improvement in early defect
detection compared to late detection or a customer recall.
In practice, however, wood product manufacturers usually
tend to limit material and product quality controls due to a
generally low customer recall rate. Nevertheless, this could
negatively impact customer appreciation for wood material
products. Hence, it is believed that the method would be
more applicable to the R&D phase due to handling complex-
ity when staining.

Quantification of slicing check properties opens up the
possibility for research into the critical variables that influ-
ence slicing quality and the effects of slicing checks charac-
teristics on the surface checking of finished products. Future
studies should evaluate the effect of CDR and CF on surface
checking. In addition, means to complete the method with
characterisations of slicing checks in the longitudinal direc-
tion are highly needed.

4 Conclusion

In this initial study, a new method for slicing checks detec-
tion and analysis was presented and discussed. The method
fulfilled some of the criteria for veneer quality inspection,
such as accessibility, descent speed and accuracy. However,
the method currently lacks full automatisation and good
robustness, as the detection algorithm was tailored for the
segmentation of checks in flat-sliced oak veneers.
Nevertheless, the method enabled the observation of slic-
ing check characteristics, CDR and CF specifically, tested on
a new potential material type for flooring top-layer manufac-
turing. The method output can subsequently be used for (1)
adjusting the pre-processing, slicing and further-processing
parameters to improve veneer quality and (2) studying mate-
rial quality influence on the performance of finished products.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00107-021-01672-8.

Acknowledgements The authors would like to acknowledge Knowl-
edge Foundation for funding the project as part of the industrial
research school Prowood+. We appreciate the contribution of Peter
Merkscha for the help with the slicing tests.

Author contributions Conceptualization: VG; Methodology: VG; For-
mal analysis and investigation: VG; Writing—original draft prepara-
tion: VG; Writing—review and editing: VG, JJ; Funding acquisition:
JJ; Resources: JJ; Supervision: JJ.

Funding Open access funding provided by Linnaeus University. The
present work was funded via Knowledge Foundation fund (KK-stif-
telsen) within Prowood + project.

@ Springer


https://doi.org/10.1007/s00107-021-01672-8

1006

European Journal of Wood and Wood Products (2021) 79:999-1006

Availability of data and material Data available on request
from the authors.

Code availability Code available on request from the
authors.

Compliance with ethical standards

Conflicts of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Antikainen T, Eskelinen J, Rohumaa A, Vainio T, Hughes M (2015)
Simultaneous measurement of lathe check depth and the grain
angle of birch (Betula pendula Roth) veneers using laser trans-
illumination imaging. Wood Sci Technol 49:591-605. https://doi.
org/10.1007/s00226-015-0718-8

Buchelt B, Wagenfiihr A, Dietzel A, Ralbach H (2018) Quantifica-
tion of cracks and cross-section weakening in sliced veneers.
Eur J Wood Prod 76:381-384. https://doi.org/10.1007/s0010
7-017-1238-z

Burnard MD, Muszynski L, Leavengood S, Ganio L (2018) An optical
method for rapid examination of check development in decora-
tive plywood panels. Eur ] Wood Prod 76:1367-1377. https://
doi.org/10.1007/s00107-018-1327-7

Burnard M, Leavengood S, Muszynski L, Ganio L (2019) Investigating
face veneer check development in decorative plywood panels: the
impact of four common manufacturing factors. Eur J Wood Prod
77:961-979. https://doi.org/10.1007/s00107-019-01455-2

Cassens D, Leng YL, McCabe G (2003) Face check development in
veneered furniture panels. For Prod J 53:79-86

Danzer Holding A (2017) Proprietary Danzer vertical slicer continues
into next generation. https://www.danzer.com/en/company/media
-relations/press-releases/item/proprietary-danzer-vertical-slice
r-continues-into-next-generation. Accessed 2 June 2020

Denaud LE, Bleron L, Ratle A, Marchal R (2007) Online control of
wood peeling process: acoustical and vibratory measurements
of lathe checks frequency. Ann For Sci 64:569-575. https://doi.
org/10.1051/forest:2007034

Dupleix A, Denaud L-E, Bleron L, Marchal R, Hughes M (2013)
The effect of log heating temperature on the peeling process and
veneer quality: beech, birch, and spruce case studies. Eur ] Wood
Prod 71:163-171. https://doi.org/10.1007/s00107-012-0656-1

FEP (2015) FEP 2014 Statistics. Bordeaux France

@ Springer

FEP (2018) FEP 2017 Statistics. FEP General Assembly in Sorrento
(Italy)

Grubii V, Johansson J (2019) Performance of multi-layered wood floor-
ing elements produced with sliced and sawn lamellas. Pro Ligno
15:166-172

Hashim UR, Hashim SZ, Muda AK (2015) Automated vision inspec-
tion of timber surface defect: a review. J Teknol 77:127-135

Jonsson R (2005) Studies on the competitiveness of wood: - market
segmentation and customer need assessments. Vaxjo

Ludbrook J (2010) Linear regression analysis for comparing two
measurers or methods of measurement: But which regression?
Clin Exp Pharmacol Physiol 37:692-699. https://doi.org/10.111
1/j.1440-1681.2010.05376.x

Lutz JF (1977) Wood veneer: log selection, cutting, and drying. USDA
Forest Products Laboratory, Madison

Marchal R, Mothe F, Denaud LE, Thibaut B, Bleron L (2009) Cutting
forces in wood machining—basics and applications in industrial
processes. A review COST Action E35 2004-2008: Wood machin-
ing - micromechanics and fracture. Holzforschung 63:157-167.
https://doi.org/10.1515/hf.2009.014

Motl J (2020) Straighten image. MATLAB Central File Exchange.
(https://www.mathworks.com/matlabcentral/fileexchange/40239
-straighten-image), MATLAB Central File Exchange. Retrieved
February 18, 2020. Accessed 18 Feb 2020

Palubicki B, Marchal R, Butaud JC, Denaud LE, Bleron L, Collet
R, Kowaluk G (2010) A method of lathe checks measurement;
SMOF device and its software. Eur ] Wood Prod 68:151-159.
https://doi.org/10.1007/s00107-009-0360-y

Peters CC, Patzer RA (1976) Thick-slicing of wood - effects of bar-type
and speed of cuton quality of slice. For Prod J1 26:19-24

Pfriem A, Buchelt B (2011) Influence of the slicing technique on
mechanical properties of the produced veneer. Eur J] Wood Prod
69:93-99. https://doi.org/10.1007/s00107-010-0410-5

Pot G, Denaud LE, Collet R (2015) Numerical study of the influence
of veneer lathe checks on the elastic mechanical properties of
laminated veneer lumber (LVL) made of beech. Holzforschung
69:337-345

Purba CYC, Pot G, Viguier J, Ruelle J, Denaud L (2019) The influence
of veneer thickness and knot proportion on the mechanical prop-
erties of laminated veneer lumber (LVL) made from secondary
quality hardwood. Eur J Wood Prod 77:393-404

Rohumaa A, Hunt CG, Hughes M, Frihart CR, Logren J (2013) The
influence of lathe check depth and orientation on the bond quality
of phenol-formaldehyde—bonded birch plywood. Holzforschung
67:779-786

Rohumaa A, Viguier J, Girardon S, Krebs M, Denaud L (2018) Lathe
check development and properties: effect of log soaking tempera-
ture, compression rate, cutting radius and cutting speed during
peeling process of European beech (Fagus sylvatica L.) veneer.
Eur J Wood Prod 76:1653-1661

SS-EN:14389 (2017) Wood-flooring and parquet—multi-layer parquet
elements. Swedish Standard Institute, Stockholm

Tomppo L, Tiitta M, Lappalainen R (2009) Ultrasound evaluation of
lathe check depth in birch veneer. Eur J] Wood Prod 67:27-35.
https://doi.org/10.1007/s00107-008-0276-y

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00226-015-0718-8
https://doi.org/10.1007/s00226-015-0718-8
https://doi.org/10.1007/s00107-017-1238-z
https://doi.org/10.1007/s00107-017-1238-z
https://doi.org/10.1007/s00107-018-1327-7
https://doi.org/10.1007/s00107-018-1327-7
https://doi.org/10.1007/s00107-019-01455-2
https://www.danzer.com/en/company/media-relations/press-releases/item/proprietary-danzer-vertical-slicer-continues-into-next-generation
https://www.danzer.com/en/company/media-relations/press-releases/item/proprietary-danzer-vertical-slicer-continues-into-next-generation
https://www.danzer.com/en/company/media-relations/press-releases/item/proprietary-danzer-vertical-slicer-continues-into-next-generation
https://doi.org/10.1051/forest:2007034
https://doi.org/10.1051/forest:2007034
https://doi.org/10.1007/s00107-012-0656-1
https://doi.org/10.1111/j.1440-1681.2010.05376.x
https://doi.org/10.1111/j.1440-1681.2010.05376.x
https://doi.org/10.1515/hf.2009.014
https://www.mathworks.com/matlabcentral/fileexchange/40239-straighten-image
https://www.mathworks.com/matlabcentral/fileexchange/40239-straighten-image
https://doi.org/10.1007/s00107-009-0360-y
https://doi.org/10.1007/s00107-010-0410-5
https://doi.org/10.1007/s00107-008-0276-y

	An image processing algorithm for detection and analysis of slicing checks
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Experimental set-up
	2.2 Detection algorithm
	2.3 System performance evaluation

	3 Results and discussion
	4 Conclusion
	Acknowledgements 
	References




