
Citation: Cinal, M.; Sioma, A.; Lenty,

B. The Quality Control System of

Planks Using Machine Vision. Appl.

Sci. 2023, 13, 9187. https://doi.org/

10.3390/app13169187

Academic Editors: Daobilige Su,

Yongliang Qiao and Meili Wang

Received: 23 June 2023

Revised: 7 August 2023

Accepted: 11 August 2023

Published: 12 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

The Quality Control System of Planks Using Machine Vision
Mariusz Cinal 1, Andrzej Sioma 2,* and Bartosz Lenty 2

1 C.M.C. Sp. z o.o., ul. Przemysłowa 54, 34-120 Andrychow, Poland
2 Faculty of Mechanical Engineering and Robotics, AGH University of Krakow, al. Mickiewicza 30,

30-059 Cracow, Poland; lenty@agh.edu.pl
* Correspondence: sioma@agh.edu.pl; Tel.: +48-126175005

Abstract: This article presents a vision method of identifying and measuring wood surface parameters
to detect defects resulting from errors occurring during machining. The paper presents the method of
recording a three–dimensional image of the wood surface using the laser triangulation method. It
discusses parameters related to imaging resolution and the impact of vision system configuration
parameters on the measurement resolution and image acquisition time. For the recorded image,
proposed algorithms detect defects like wade and bark at the board edges. Algorithms for measuring
characteristic parameters describing the surface of the wood are presented. Validation tests performed
using the prepared system in industrial conditions are provided and discussed. The proposed solution
makes it possible to detect board defects in flow mode on belt conveyors operating at a speed of up
to 1000 mm/s.

Keywords: wood defects; bark; laser triangulation method; 3D image resolution; industrial; quality
control; plank; board

1. Introduction

The wood industry uses the material provided by sawmills. This material is often
burdened with defects disqualifying it as a valuable material in production. Natural defects
can be indicated among the defects occurring on the material, i.e., knots, resin ponds and
other kinds of disturbances in the wood structure. Defects resulting from the method of
processing wood can also be indicated, e.g., wade on the edges, bark on the surface or
shaking and splitting resulting from the processing, transport or storage of wood.

However, the classification and definition of defects are flexible, as it depends on the
type of product and the industry using wood as a material. Different requirements will
apply in the furniture industry, where the highest-quality wood should go and others in
construction, where the requirements are much lower. At the same time, it should be noted
that the need to classify material defects is related to the level of automation of production.
Analysing production without automation, e.g., the manual production of custom–made
furniture, it can be assumed that the operators will check the material carefully based on
their experience. On the other hand, producing wooden pallets with high efficiency makes
it necessary to develop a product quality control system that performs control tasks at a
frequency of up to several dozen elements per minute, transported on the production line
at a speed often exceeding 1000 mm/s.

When analysing an increase in the efficiency of the production line in terms of the use
of vision systems, the desired time of the control task should be considered. The increase
in efficiency means, at the same time, an increase in the transport speed and a significant
reduction in the technological operation’s cycle time. It also appears natural to shorten the
times of the control and measurement operations. These conditions entail the need to build
vision systems that allow image acquisition in a shorter time and simultaneously shorten
the image analysis time. The trend towards a widening range of controlled parameters, their
variability and increased efficiency hasten the search for novel solutions and technologies
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for product control. Choosing the control method according to the conditions prevailing on
the production line and the product specifications is also necessary. Therefore, research is
needed to develop and test new solutions allowing product quality control following the
industry requirements. These requirements are constantly changing and increasing due to
using new materials, manufacturing technologies and expanding the scope of production
process control.

Sometimes the requirements for the product are defined in general terms. From the
point of view of research and development, it is necessary to specify detailed parameters
of its operation. For systems where it is possible to stop controlled products, the expected
time of image acquisition and image analysis is defined in the range from 100 to 500 ms.
The strict number depends on the industry and the level of automation. However, for
systems where the material is transported at a speed of up to 1000 mm/s, it is only possible
to stop the movement by reducing the line efficiency.

On the other hand, when designing measurement systems, the selection of devices
should consider the required imaging resolution. Analysis of the applied sensor is crucial.
The sensor’s parameters impact the system operation and may limit the maximal efficiency
of a system. The sensor may have a minimum image acquisition time of 1 ms. For the
assumed product transport speed of 1000 mm/s, in 1 ms, the product moves by 1 mm.
Such movement during exposure may cause significant blur on the digital image. Blurred
images disqualify the system because information about the edges and features of a scene
is lost.

The solution described in the work was created as an answer to a specific demand of
the industry. As a result, the operational parameters of the vision system were imposed. To
manage requirements, selecting an imaging method is crucial to replicate the scene correctly.
The vision system should analyse every product independently. This is only possible if
the acquisition time is significantly shorter than the time between evaluating successive
products. Designing such an efficient system requires sensors with higher parameters and
computers with increased computing power.

The need to implement high–speed imaging methods is related to a global trend of the
automation and digitalisation of production and the growing requirements for controlling
the production process and the parameters of the tested product using vision systems [1].

Analysis of the literature indicates that vision methods are widely used to control
product parameters. The development of vision-based quality control methods has been
progressing for many years [2]. Most of them are based on analysing two–dimensional
images recorded using various methods. For assessing wood parameters, monochrome and
colour sensors are used [3,4]. Article [5] describes segmentation methods and compares
segmentation algorithms to identify surface defects. Various algorithms were used, e.g.,
Hough transform and total variation algorithm, to estimate tree–ring increments. The
measurement based on the intensity analysis of wood growth was also presented in the pa-
per [6]. Articles [7,8] compared the differences between defective and undamaged images
of bamboo surfaces based on the analysis of colour and texture using morphology algo-
rithms. Wood surface analysis can be carried out on the material supplied for production
in tree trunks, boards, and other machined products. It can also be implemented on the
finished product [9]. However, the final product inspection method does not guarantee
that defective boards were not used in production.

The selection of algorithms for inspecting the wood surface should consider the
differences in the colour of the wood to the defect colour and the wood parameters [10,11].
In wood evaluation, two–dimensional images were recorded with thermographic imaging
technology [12,13]. This method analyses differences in the absorption and emission of IR
radiation on surfaces. Computed tomography can also be used for imaging. An example of
the use of this technology is described in work [14]. However, this method has significant
limitations due to the imaging time and the requirement to work in industrial conditions.
In imaging internal defects, the ultrasonic method and frequency analyses have also been
used [15,16]. It can be combined with classical imaging methods to obtain information
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about visible and hidden defects in wood. However, the effect of noise on the production
line on the measurement results must be carefully considered.

The development of artificial intelligence (AI) and related methods of image analysis
has started an exponential increase in work describing the use of, e.g., deep learning
methods in assessing wood surfaces [17,18]. This type of algorithm has made it possible to
teach the defect pattern and use the network trained in this way to search for defects. AI
opens up great opportunities to identify defects. Attention should be paid to the results in
articles on artificial neural networks. Conclusions indicate that the method’s effectiveness,
depending on its network type and specific task, is in the range of 80–95% [17,19–21].
This limitation is due to the complexity of the CNN method and the disturbances in the
imaging system in industrial systems. A few per cent losses caused by incorrect assessment
may not be acceptable in serial production. An example is using AI methods to analyse
images in the infrared range of 900–1800 nm [22]. The authors of the article state that the
effectiveness of such a solution is only 92%. In classical production control methods, it is
required that the efficiency should be over 99.9%. It is often encountered that incorrectly
evaluated products should be at most three ppm (part per million). AI algorithms provide
solutions for complex problems that are hard to parametrise. For example, a deep learning
algorithm is used in an image to recognise different tree species [23]. The development
of three–dimensional imaging methods and, simultaneously, the possibility of using both
classical methods and AI algorithms for the analysis expands the possibilities of using this
type of image in control tasks [24]. Three–dimensional imaging methods differ regarding
possible imaging resolution, acquisition time and working conditions considering the
industrial environment. A detailed description of the methods and possible resolutions can
be found in the articles [25,26].

Some imaging methods allow high imaging resolutions of several tens of µm. How-
ever, these methods do not allow the image acquisition of a product in motion. In the
article [27], the authors compared methods of assessing wood quality. Contact measure-
ment was compared with the laser method. The authors show that it is possible to measure
wood-surface quality parameters. However, this method cannot be used to measure the
parameters of wood transported on the production line.

Work [28] presents a comparable system for the wood chips sorting problem. Authors
apply 2D imaging with a laser illuminator. Measurements are made during product motion.
The authors highlight that image processing time is crucial in the application. The resulting
time to provide feedback to the sorting unit is 90 ms. The quality control of wooden boards
is presented in [29]. The authors used a laser scanner to evaluate board parameters in-line.
Configuration of the proposed prototype allows for imaging with a scanning speed of
83 mm/s. It is significantly lower than the 1000 mm/s considered in the project. It indicates
the limitations resulting from the hardware configuration selected for surface imaging. The
timber industry also uses laser triangulation to validate logs [30,31]. The authors state that
acquiring a single profile takes 10 ms. The accuracy is 2.4 mm. In this case, the speed of
movement is lower due to the weight of the transported product. Another application
of vision-based systems in the timber industry is estimating log volume from a single
image [32]. The method allows performing group measurements on the stack logs. The
operator provides the length of a log manually.

In the proposed solution, the laser triangulation method was chosen to control the
surface of wood transported at a speed of up to 1000 mm/s. It is based on the use of a
laser light source and a camera allowing the recording of the image of the laser line on
the controlled product. This method requires the movement of a tested object relative to
the measuring system. In this way, it meets the requirement to control the wood surface
directly on the transport line.

The paper discusses the solution of recording a three–dimensional image of the plank
surface using laser triangulation at speeds of up to 1000 mm/s of the test object. At the
same time, it is required to obtain a resolution and measurement that guarantees checking
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the board dimensions under the tolerance adopted in the technical documentation of
the product.

The resultant imaging parameters like the field of view and resolution of surface
imaging are presented. The measurement stand was proposed, and the results were
presented. The research was carried out on wood selected together with the quality control
department from planks supplied by sawmills. Planks containing machining defects in
various forms on the surface were identified. The most significant part of the material
contained bark and wade at the plank edges. Figure 1a,b presents exemplary defects. The
bark can be visible simultaneously on larger wood areas, as shown in Figure 1c. In extreme
cases, the bark is visible on the entire surface. Figure 1d shows the surface of the wood
with bark removed at the edges. However, the thickness of the board on the edge means
that this piece should also be classified as defective.
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The presence of bark on the surface of the wood is due to erroneous mechanical
processing. Identifying this type of defect at the initial step of the assembly aims to
eliminate its processing cost. It is equally important to eliminate the cost of repairing the
finished product resulting from using defective materials.

Research aimed to develop an automated control system to inspect every board
entering production and remove defective ones. It was also assumed to validate the
board surface inline on the conveyor moving at a speed range of 500–1000 mm/s. It was
additionally assumed that the image analysis should allow the assessment of the material
and detection of the bark and wade within 500 ms from image acquisition. Therefore,
implementing the task required selecting a vision system configuration and preparing a
fast algorithm for image analysis, allowing image acquisition and assessment of the wood
surface in flow mode.

Laboratory and industrial tests were carried out on spruce and pine wood. The main
advantage of the proposed method is the 3D imaging with high resolution. A sufficient
number of points describing a surface allows the validation of material and the detection of
even tiny defects. The accurate selection of laser power and image-acquisition parameters
makes it possible to acquire an image of the surface of any wood. The control system
construction is one of the issues described in the work. The presented imaging method can
be used to evaluate the surface quality of various wood species.

The research problem involves a comprehensive approach to imaging and analysing
the board surface. The main contributions of the proposed solution are:
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• Imaging in motion with a speed up to 1000 mm/s;
• Obtaining spatial resolution of 0.1 mm;
• Detecting geometrical defects according to technical documentation;
• Determination of the impact of vision system alignment on spatial resolution;
• Considering the surface curvature in the detection algorithm;
• Evaluation of repeatability of the imaging method;
• Practical implementation of the station in industrial conditions.

2. Materials and Methods

At the stage of analysis and selection of the imaging method, both 2D and 3D imaging
methods were considered. As guidelines, the assumption was that the tested surface would
be moved at a speed of 500–1000 mm/s. It was necessary to choose a method in which the
acquisition time would be short enough not to blur the characteristic features of the surface
in the image.

The analysis of defects and their variability in the colour of bark and the colour of the
wood of various species indicates that using 2D imaging methods in the visible light range
will not allow the reproducible identification of defects. This is due to differences in the
structure and colour of the bark for wood of the same species harvested in different areas.
Even more significant differences in the structure and colour of the bark occur on different
types of wood. As a result of such high variability, achieving reproducible imaging results
of the controlled wood is impossible. The bark will be visible in various colours and at
different intensities for RGB imaging. On the other hand, imaging using monochrome
sensors will result in recording the image in greyscale and without any information about
the colour of the surface. In the case of both types of sensors, the decisive factor is the
time of acquisition of a single frame during the movement and the need to use additional
high–power illuminators.

Analysis and preliminary research on the possibilities of imaging the surface of the
wood using 3D methods were also carried out. Due to the requirement of imaging material
during motion, it was necessary to eliminate methods requiring a product stop. The
decision on the imaging method also included installation conditions on the production
line. The laser triangulation method was selected. This method provides the possibility
of recording an image containing information on the geometric structure of the surface,
regardless of the colour of defects occurring on the surface. The three-dimensional image is
built using monochromatic laser light. This kind of illumination eliminates the influence of
the colour of the material. In addition, during the analysis, the coordinates of each point
are used regardless of the material colour.

Laser triangulation is a three–dimensional image-acquisition method. The image is
generated based on illuminating the selected surface part with a laser line and recording
a 2D image of the line shape on the product. Then, based on the chosen configuration of
the camera and the laser illuminator, the object height profile is calculated at the location
of the projection. The three–dimensional image is built from consecutive height profiles
determined after the object’s movement. The advantage of this method is that it allows
the acquisition of height profiles during the movement of the tested object. Imaging with
this method requires measuring the object displacement to define the imaging resolution
(Figure 2). The task of the encoder is to provide a signal that triggers image acquisition
to determine the following height profiles of the surface of the tested object. The position
measurement guarantees the maintenance of a constant resolution marked as ∆Y in the
direction of the Y–axis, defined as the direction of movement of the tested object.
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The X–axis was defined as parallel to the plane formed by the laser line. The resolution
in this axis is marked as ∆X and is the distance between consecutive measuring points
creating the height profile. The resolution of the Z–axis imaging is denoted as ∆Z and is
determined from the equation:

∆Z =
∆X

sinα
, (1)

where

∆X—resolution in the X direction,
α—the angle between the optical axis of the camera and the optical axis of the laser.

A detailed description of the method of building an imaging system using the laser
triangulation method is presented in [25]. The article presents different configurations of
the camera and laser alignment and the impact of the configuration on imaging resolution.
It also offers various methods of implementing relative motion between the examined object
and the camera–laser system. The structure presented in Figure 2 allows the determination
of the height profile based on the laser line projected on the object. The 1536 × 512 sensor
from SICK was used in this research. For the sensor, it was possible to record images with a
maximum resolution of ∆X = ∆Y = 0.1 mm. It was assumed that the width of the tested
surface was 140 mm. Effectively, out of the 1536 pixels available on the sensor, 1400 pixels
were used for surface imaging. A 658 nm laser with a 20 mW power was used in the study.

∆X =
140 [mm]

1400 [pix]
= 0.1 [mm/pixel] (2)

∆Z =
0.1 [mm/pix]

sin(45◦)
= 0.14 [mm/pixel] (3)

The camera–laser alignment was chosen based on the analysis of the available instal-
lation space for the measuring system on the production line. It was established that it is
possible to set the angle of α from 30◦ to 70◦. For such a range, the characteristic of Z–axis
imaging resolution in the function of the α angle was determined (Figure 3).



Appl. Sci. 2023, 13, 9187 7 of 17

Appl. Sci. 2023, 13, x FOR PEER REVIEW 6 of 17 
 

where ΔX—resolution in the X direction, α—the angle between the optical axis of the camera and the optical axis of the laser. 

 
Figure 2. Model of the laser triangulation imaging stand. 

A detailed description of the method of building an imaging system using the laser 
triangulation method is presented in [25]. The article presents different configurations of 
the camera and laser alignment and the impact of the configuration on imaging resolution. 
It also offers various methods of implementing relative motion between the examined ob-
ject and the camera–laser system. The structure presented in Figure 2 allows the determi-
nation of the height profile based on the laser line projected on the object. The 1536 × 512 
sensor from SICK was used in this research. For the sensor, it was possible to record im-
ages with a maximum resolution of ΔX = ΔY = 0.1 mm. It was assumed that the width of 
the tested surface was 140 mm. Effectively, out of the 1536 pixels available on the sensor, 
1400 pixels were used for surface imaging. A 658 nm laser with a 20 mW power was used 
in the study. ΔX =  140 ሾmmሿ1400 ሾpixሿ  =  0.1 ሾmm/pixelሿ (2) 

ΔZ =  0.1 ሾmm/pixሿsinሺ45°ሻ  =  0.14 ሾmm/pixelሿ (3) 

The camera–laser alignment was chosen based on the analysis of the available instal-
lation space for the measuring system on the production line. It was established that it is 
possible to set the angle of α from 30° to 70°. For such a range, the characteristic of Z–axis 
imaging resolution in the function of the α angle was determined (Figure 3). 

 
Figure 3. Z–axis imaging resolution in the function of α angle. The red circles shows the consid-
ered alignment of 30° and 45°. 

Figure 3. Z–axis imaging resolution in the function of α angle. The red circles shows the considered
alignment of 30◦ and 45◦.

Considering the geometric structure of the wood surface, it was assumed that the
resolution in the range of 30–45◦ is reliable for correct imaging of the bark. The number of
measurement points was reduced to reduce the acquisition time for the in–motion imaging.
The XY plane measurement resolutions equal to ∆X = ∆Y = 0.2 mm were considered. In
the research and analysis of wood surface flaws, two kinds of defects were categorised:
natural and mechanical. Mechanical defects are a result of machining. Both types of defects
disqualify the material from the technological process. An image of a surface on which
several types of defects are visible is presented in Figure 4. On the given surface, natural
defects are visible as bark on the board edges. There are also visible defects resulting from
mechanical processing on the board surface in the form of regular patterns on the right side
of the plank.
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The three–dimensional image is described by measurement points, the number of
which results from the adopted imaging resolution. It was decided that in the XY plane,
the resolution in both axes would be the same. In the case discussed in this work, the
surface with an area of 1 mm2 was described by 25 measurement points. The resulting
imaging resolution is equal to ∆X = ∆Y= 0.2 mm. Each measuring point represents the
average height of a surface area of 0.04 mm2. The colour visible in the three–dimensional
image represents the scaled height of the measuring points forming the surface of the wood
(Figure 4b).

Analysis of the height of each point of a three–dimensional image allows the validation
of the geometry and control of quality parameters of the processed wood surface. The
thickness of the wood was checked based on a comparison of the height of each image
point with the tolerances from the technical documentation.
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3. Results and Discussion

The paper proposes several algorithms for assessing material quality based on analysing
a three–dimensional image. These algorithms are based on analysing the coordinates of the
points that make up the surface.

The first algorithm utilises dimensional information and tolerances defined for the
product in the technical documentation. Figure 5 shows the surface of the wood with a
visible defect on the left edge. The flaw was caused by the machining of the plank in a
sawmill. It is related to the remains of a bark removed by the tool during the processing.
This kind of defect limits the usable area of a plank.
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dimensional image.

The material presented in Figure 5 has a tolerance of the thickness dimension specified
in the technical documentation, defined as:

Th = 22+2
−0.5 (4)

The height of each measuring point is marked as h. The wood area with the correct
thickness AT was calculated as a product of the number of valid points |PT | and the area
related to a single point equal to 0.04 mm2. Set PT was defined as points from the image P
meeting the height tolerance requirements from Equation (4).

AT = 0.04
[
mm2

]
× |PT |PT := {p ∈ P : 24 > h(p) > 21.5} (5)

where

|PT |—number of elements of the set PT of points in defined tolerance,
P—set of all measurement points.

This approach makes it possible to separate all the points that make up a three–
dimensional image into two sets of points. The first set of points indicates the surface of the
correct thickness determined by analysing the height of each point. The second set shows
the surface formed by points with heights outside the tolerance range. Surface area analysis
based on the criterion of material thickness within the dimensional tolerance allows control
of all defects and possible material damage. The image split into two sets of points is
presented in Figure 6.
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Wood thickness analysis allows for indicating the surface within the tolerance defined
by the quality assurance department. Removing the wood area outside the tolerance from
the image generated a potentially usable plank surface (Figure 7). The remaining wood
met the thickness requirements and was usable in the technological process.
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Figure 7. Surface fragment. The material of the correct thickness extracted from the 3D image.

The presence of bark reduced the thickness of the material at the edge and, at the same
time, reduced the usable width of the material within the thickness tolerance.

In the evaluation process, another algorithm was used. The task was to assess the
width of the material with the correct thickness. For this purpose, cross-sections were
defined on the valid surface, as shown in Figure 8. Each cross-section specified the position
of the point describing the left edge and the right edge. These points were determined
based on analysing each point coordinate position (x,y) in the considered cross-section
plane. The points describing the left and right edges were determined independently along
the segments defining the direction of searching for the edge. The direction of searching for
the edge points is indicated in the figure with arrows and the description “Left Edge” and
“Right Edge”. Based on the analysis of the position of the left and right edges, the width
of the remaining material, meeting the width tolerance criterion, was determined. For
each analysed cross-section, the width of the material was calculated (Figure 8). Knowing
the width of the material with the correct thickness, it is possible to validate the product.
Nominal width and tolerances were assumed from the technical documentation as follows:

Tw = 100+5
−3 (6)
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Figure 8. Measurement of material width after thickness validation based on the position of the left
and right edges.

As part of the implemented solution, it was assumed that subsequent cross-sections
are set along the board, i.e., along the coordinate system Y–axis with a distance of 5 mm.
The distance between the cross–sections can be changed according to indications from the
quality assurance department. The selection of this parameter depends on the require-
ments of the measurement procedure and the approach adopted due to the effects of the
technological process. This parameter should be selected based on typical defects of the
supplied materials. At the same time, it should take the width measurement following the
procedure developed in the production plant. However, reducing the distance between
cross-sections causes an increase in the number of profiles. Increasing the number of
analysed points affects the time needed to perform measurements. This method, however,
allowed for evaluating the entire surface with reliable results. In this case, the limitation
was the resolution of the 3D imaging system only, which was ∆X = ∆Y = 0.2 mm. With a
resolution of 0.2 mm, the entire three-dimensional image of the wood surface was analysed
(Figure 9).
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Figure 9. The width measurement of material with valid thickness. Successive cross-sections are
generated with a distance of 5 mm along the Y-axis.

In addition to that previously discussed, segmentation based on surface incline anal-
ysis was proposed. This approach allows the detection of bark and wade defects. This
method does not guarantee the detection of thickness flaws. However, it allows detection
when the material has dimensions within tolerances, but the surface is damaged. The
damage can be either of natural origin or improper processing (Figure 4).

A segmentation method based on the measurement of surface inclination requires the
preparation of a measurement base plane. The base plane must be parallel to the coordinate
system. For this purpose, points can be projected onto the base plane. As a result of the
transformation, the Z–coordinate of each point is altered into the distance of the point from
the base plane. This allows for associating the low inclination as a valid area.

The vector normal to the surface is then determined for each point. The vector cal-
culation is carried out in a 3 × 3 point neighbourhood. The 3 × 3 window size allows
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the normal vectors of the surface to be generated without dramatically increasing com-
putational costs. The normal is generated as a unit vector with X, Y, and Z coordinates.
Figure 10 shows the resulting normal vectors. The vector’s X, Y and Z components are
encoded as an RGB image.
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Figure 10. Analysis of material surface structure based on local curvature: (a) normal vectors encoded
as RGB image; (b) Z–coordinate of normal vectors.

It was decided to use the Z–coordinate of the normal vector to filter out the inclined
parts of the material (Figure 10b). Any change in the inclination of the surface, regardless
of its direction, causes the Z–coordinate of the normal vector to decrease. This allows the
detection of damage to the board structure regardless of its thickness.

Filtering based on inclination allows the segmentation of defects in the form of bark
and wade. Figure 11 shows the result of the operation. The blue colour indicates the correct
part of the plank. The set of points marked in orange corresponds to the areas recognised
as faults. Possible defects that could be detected using local curvature are wade, bark and
structural damage on the plank surface.
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Figure 11. Three-dimensional image of examined plank after filtration based on the normal vector.

The proposed algorithm for controlling the plank surface’s inclination allows the
detection of defects within height tolerance limits. It thus completes the height thresholding
algorithm. Using only the part of the algorithm involving inclination does not ensure
dimensional compliance with the technical documentation.

The paper also presents an alternative algorithm for determining the board width
using the height profile method. In this case, the operation of determining the surface area
of the material of the correct thickness is not performed. The height profile is generated
in the appointed positions directly in the raw 3D image. The height profile determined
in this way contains information about points on a selected plane. This method reduces
the time of 3D image analysis and makes it possible to increase the speed of material
transport on conveyors. At the same time, it does not assure the assessment of the entire
surface of the material. This assessment is carried out only in selected planes. Therefore,
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choosing the distance between the profiles determined on the 3D image is crucial. A wood
surface assessed using height profiles is presented in Figure 12. Figure 12a presents a 2D
image of the surface, and Figure 12b shows a three-dimensional image of the same surface.
Figure 12c shows the position of the selected planes and the generated height profiles.
It also shows the results of the measurement of the width of the plank. Three selected
height profiles with width measurements were presented. However, the material between
the profiles was not evaluated in this case. A height profile method can be defined as a
statistical control because the entire material is evaluated based on measurements operating
on the part of the dataset.
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Figure 12. Inspection of the wood surface using the height profile method: (a) 2D image of the
surface, (b) 3D image of the surface, and (c) selected height profiles with measurement lines.

The surface area-based assessment requires the analysis of all points that make a three–
dimensional image. The first algorithm could inspect dimensions in terms of tolerances
like the material’s thickness, width and length. The construction of a full 3D image of
the surface allows for determining the material length in the same way as in the case of
determining its width. A material measurement with significant defects is presented in
Figure 13.
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Figure 13. Results of measurements of the width of the plank with severe damage on both edges:
(a) three-dimensional image of the plank—the colour corresponds to the height of the point; (b) results
of width measurement—a red line means a negative result, and a green line means valid width.
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For the imaging system, the repeatability of the measurement was checked when
determining the points of the altitude profile. At the time of the measure, the board did not
move relative to the imaging system. In this mode, the registration of several measurement
series of 1000 height profiles was forced. The measurements were made for a board with
the correct surface and boards containing bark. Within each measurement, the heights
of each profile point were determined. Then, for each point, a measure of measurement
repeatability was proposed as a standard deviation. Figure 14 shows the standard deviation
values determined for a non-defective wood surface and two selected surfaces containing
bark. The standard deviation value describing the repeatability of a bark surface is more
significant than for a surface without defects. However, it is lower than the assumed
measurement resolution in both cases.
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Figure 14. Comparison of imaging repeatability for normal wood surface and surfaces with bark defects.

Statistical indicators can also be analysed while validating the cross-section repre-
sented as a height profile. Analysis of the values of the determined indicators can allow
the detection of surface structure defects. Figure 15 shows one of the chosen board height
profiles (gray). The figure shows the tolerance field (green) with the nominal value and
the maximal permitted deviations acquired from the technical documentation. The red
colour shows the measured dimensional error. The figure below shows the thickness error
distribution for a single board height profile for the board shown in Figure 4. This board is
made with a thickness error observed over its entire surface.
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Figure 15. Height of one chosen profile of the board (grey) with tolerance field (green area) and
determined dimensional error (red).

For each of the analysed profiles, the following were determined: the maximum
error value in a single profile, the average error value for the profile and the median error
in a profile. Based on the analysis performed, statistics were obtained along the Y-axis
(Figure 16). The distribution of error values for all 3D image profiles is shown below.
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Figure 16. Statistics of absolute error values for each profile of the three-dimensional image of the board.

The laser source generated a wavelength equal to 658 nm electromagnetic radiation
with a power of 20 mW. Laser configuration allowed the construction of a wood surface
image containing bark and wood surface. The quality of three-dimensional image acquired
strongly depends on the wood moisture and the colour and species of wood. Research has
proved that building an image for materials with different surface parameters is possible.
The recommendation is to use a laser with a power above 10 mW with the ability to control
the power value. Using a laser with lower power may cause scattering of the beam on the
surface, and the inability to build a good-quality 3D image (Figure 17). The choice of laser
for surface imaging also depends on the adopted configuration of the vision system and
the manner the laser line interacts with the surface. Increasing the laser power allows you
to shorten the acquisition time of a single profile, which allows imaging at higher board
transport speeds. Images of the wood surface with the indication of the laser power value
as a percentage of the maximum value of 20 mW are presented below. The figure indicates
the power range for the beam scattering on the surface. The range for which changes in
the colour of wood or its moisture do not affect the correct imaging of its surface is also
marked. As a result of using too low laser power, the beam is scattered, which makes it
impossible to determine all points describing surfaces.
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Studies related to altering the imaging resolution were carried out in the research. The
paper considers the impact of the changing number of points forming a three-dimensional
image at the time of the control task. The adopted requirement in the project was the
possibility of assessing wood defects carried out in flow mode on belt conveyors operating
at a speed of up to 1000 mm/s. Obtained measurement resolution in the X–axis and
Y–axis was equal to ∆X = ∆Y = 0.2 mm. The proposed configuration makes it possible to
reproduce the surface area of 1 mm2 using 25 measurement points in the three dimensional
representation. With such operating parameters and the selected configuration of the vision
system, it was possible to assess the surface of wood transported at a velocity of up to
1000 mm/s.

The question arises whether using a higher-power laser or a laser emitting electro-
magnetic radiation from 700 to 1200 nm could influence imaging. Could changing the
wavelength or increasing the power allow for a significant reduction in the imaging time
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of a single profile, thus allowing the transport of materials at an even higher speed? The
question also arises whether the electromagnetic radiation range of 700 to 1200 nm could
allow the imaging of materials with different moisture, colour and geometric structure.

4. Conclusions

Two measurement methods have been proposed to assess the quality of raw wood
as a material supplied to a production line, e.g., a line producing transport pallets. The
first algorithm was based on the construction and analysis of the three-dimensional im-
age of the surface of the controlled material. It involved imaging and constructing a
three–dimensional image of the entire surface and then separating the areas of the cor-
rect thickness, width and length. Material parameters such as the plank thickness, width
and length were controlled with the dimensional tolerances according to the technical
documentation.

An algorithm was also proposed to inspect the local inclination of the material surface.
It detected product flaws when the surface was still within the height tolerance. The
algorithm complements height thresholding in terms of surface structure inspection.

The second control method was based on the statistical control approach. The mea-
surement was carried on in selected planes only using height profiles. This method also
allowed for assessing the thickness and width dimensions of the material. In this method,
the distance between the analysed height profiles along the Y–axis was a limitation. Spaces
between selected planes were skipped and omitted quality control.

In the case of using the first of the described methods, complete information about
the material surface was analysed. It was used to check compliance with the technical
documentation. However, this method required more computing power due to performing
more computations on all points forming the three-dimensional image.

The second method provided only statistical evaluation of selected height profiles
on the three-dimensional image. It is much faster due to processing just a subset of mea-
surement points. Only the points that make up the selected height profiles were analysed.
However, it did not offer the possibility of assessing the entire surface of the material.

Based on the completed research and industrial tests, the first image analysis method
was chosen for the solution intended for implementation on the production line. It guar-
anteed a full assessment of the controlled surface of the material at a transport speed of
1000 m/s.
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