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Abstract—Increased competition in the international wood
export markets, is vitally important for European wood
processing companies. To ensure further competitive
advantages digitalisation of wood processes is one of the
contemporary strategies to ensure higher efficiency
(reducing losses of useful material and improving quality),
but also increasing productivity in order to reduce manual
labour costs and eliminate '"bottlenecks" in the overall
production process. Findings reveal significant adoption of
Industry 4.0 technologies enhancing processing speed and
quality through Al-driven defect detection and robotic
automation, achieving cycle time reductions exceeding 45%
and defect remediation time cuts up to 60%. Material
innovations and additive manufacturing improve mechanical
properties and support sustainability, though scalability
challenges persist. Circular economy principles are
increasingly integrated via digitalisation of wood processing
and waste valorisation, yet practical implementation faces
economic and technology barriers. The aim of the paper is
the commercialisation of cross-cutting optimizing scanner
for aspen and black alder allowing to optimize order real-life
parameters improving material combination and reducing
waste. In addition, it is necessary for the company, using the
statistical value of the material, to be able to determine what
the possible costs of any order are. The findings are
underlining the promotion of the digital transformation and
increased competitiveness: enhanced useful yield of high-
value material/reduction in material losses, reduction in
manual labour associated with physical effort (the physical
work of operators has been facilitated, and the sawing speed
has been increased by 20%). The expected digital
transformation impact has significant commercialisation
potential, the development of such a new technology is
contributing to the competitiveness and technological base of
the forestry sector in European Union.
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1. INTRODUCTION

Research on the newest cutting technologies to
enhance processing efficiency by improving quality of
output and increasing speed for wood raw materials in
Europe has emerged as a critical area due to the growing
demand for sustainable and efficient wood manufacturing
processes. The European Parliament recently announced
the use of cascaded wood to promote the circular economy
and mitigate climate change [1], [2] .

The wood industry, a key economic sector in many
European countries, has evolved from traditional manual
operations to increasingly digital and automated systems,
integrating Industry 4.0 (recently 5.0) technologies [3].
Industry 5.0 most popular technologies in wood
processing could be traced to its footprints — virtual factory
concept first introduced in 1993 by Onosato and Iwata [4]
and later known as a Digital Twin concept when
production line is integrated with the real production
processes using a simulation model.

Main operations of the manufacturing industry are
cutting operations that produce changes in shape,
dimensions, and surfaces. In order to control wood quality
it is common to use artificial vision techniques like
industrial scanners to determines internal and external
defects [5], [6]. In the wood processing industry scanners
are making parts classification, yet data is non stocked for
analysis or to create prediction models [3].

As for more contemporary attempts to integrate
Machine Learning (ML) and technics like Convolutional
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Neural Network (CNN) to train in wood defects
recognition.

Professional scanning systems are often used in
industrial or scientific applications where the highest
accuracy and reliability are emphasized [7]. In addition to
price, an important factor of scanning technologies is the
difficulty to operate them. Some require specialized
knowledge and experience to use them: training to use the
software, setting parametric values, or properly
positioning and calibrating the equipment [8].

Current practices in wood industry often rely on
manual expertise and conventional scheduling, limiting
scalability and efficiency [9]. In contrast to the
conventional job-shop scheduling problem, flexible job-
shop scheduling involves the use of processing equipment
that is not predetermined but rather unknown for each
operation [10].

Moreover, the integration of digital technologies such
as Al, machine learning, and robotics remains uneven in
the engineered timber sector and has notably lagged
behind in adopting such practices as real-time quality
control, defect detection, and adaptive manufacturing
workflows [11], [12]. As a result, the wood industry is one
of the least advanced industries in R&D and innovation
compared to the computer and electronics industry, the
automotive industry, or the aerospace industry [13].

Failure to address these gaps risks continued
inefficiencies, increased  waste, and  reduced
competitiveness in the European wood sector. The
conceptual framework for this project is established in the
intersection of Industry 4.0 technologies, digital
fabrication, and sustainable wood processing. Key
concepts include digital transformation through AI for
quality optimisation for proper management and
commercialisation. Commercialisation potential for
scanners in wood processing is projected and
implemented, particularly the cross-cutting optimizing
scanner for aspen and black alder as a high-quality wood
niche.

The purpose of this research is to synthesize recent
research on emerging cross-cutting technologies that
enhance processing efficiency in European wood material
industries by improving output quality and increasing
speed. This research aims to investigate the innovation
gap, the findings are organized thematically to reflect
advancements in digital transformation, Al-driven quality
control, and circular economy integration within wood
processing industries

II. RESEARCH DESIGN AND SPECIFICATION OF
ENVIRONMENT.

The main aim is to examine the existing research on
newest cross-cutting technologies to enhance processing
efficiency by improving quality of output and increasing
speed for wood raw materials in Europe in order to provide
an applied finding and their practical implications within
the European wood processing sector.

Scanner for Aspen and Black Alder

For wood manufacturing processes, influencing factors
are the material, the operation, and the transformation
technology. In cutting processes, factors are combined, the
cutting tool being important. These impact on assets,
rotating mechanisms, landings, materials, motors,
auxiliary systems, and other devices. Heat, vibration and
mechanical power impact machine availability. [14].

For our process, initial “as is” situation is presented:

e Operators manually take each board from the
lumber package, based on the instructions, assess
its defects, mark the wood defect arecas with a
luminescent crayon and place the marked boards on
the conveyor belt (conveyor) in front of the cross-
sawing machine.

e An automated cross-sawing machine, according to
the lumber specifications, values set in it and the
defects marked by the operators, performs the
lengthening of the board into lumber of exact or
“floating” length.

e The shortened boards, after being shortened in the
cross-sawing machine, slide along the conveyor
belt and are mechanically pushed into the
“pockets” of the boards of the appropriate length.

e The operators manually stack the boards that have
fallen into the “pockets” into the board packages.
The sawn-off wood defects (wood waste during
production) are automatically forwarded to
separate conveyors and directed to the wood
chipping machine —for circularity raw materials.

Initial system was allowing to select the most
economically justified cross-cutting solution for each
board, according to the defects marked by the operator.
However, despite this, board lengthening process still
requires both significant manual labor (low productivity)
and errors, which result in inefficient work and losses of
high-quality material (For example, when marking defects
with a hand chalk, there is a large lengthening tolerance,
because defects cannot be marked very accurately). In
addition, this process still requires physically demanding
work by at least two marking operators per shift. Another
challenge for high quality wood is shortage of proposals.
There are digital solutions (lumber scanner technologies)
developed by various manufacturers on the market,
however, taking into account the size of the market, they
are mainly created for coniferous wood processing
companies or other wood processing areas.

In the processing of aspen and black alder into a high-
value-added product, the scanners solutions available on
the market are unable to ensure full compliance with the
specific needs of the company and the industry. Because,
basic wood defects recognition such as, for example,
branches, cracks (which are basically necessary for mass
production of coniferous wood production companies), it
is also very important for high-quality wood to be able to
digitally correctly and accurately assess defects such as
wood coloration in the production of specific products
(e.g. oak [15]). The scanner technologies available on the
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market need to optimally assess special species of wood
such as aspen and black alder wood coloration defects,
therefore it is justified to conduct research into the
development of a special and rare recognition system.

In addition, one of the reasons why it is justified to
conduct contemporary research into the development of a
new digital system is that modern computing capabilities
have changed significantly. In connection with the
emergence of new, high-power graphics processors and
Machine Learning capabilities, there are new
opportunities in the longitudinal optimisation of the
material, ie. there are new quality computing
opportunities in making a decision on how to process order
optimisation.

The value of the cut material is determined by the
market and the order. Currently, this problem is basically
solved by excluding from the possible scanner results the
material that is sufficient for the execution of a specific
order. As a result, the real optimisation of the order and
materials does not actually work, because the optimisation
no longer receives real-life parameters. By excluding
products that are produced in large quantities, the
optimisation has a limited number of possible material
combinations, which means that it no longer uses all the
possibilities. In addition to abovementioned factors, it is
necessary for the wood processing company to use the
statistical analysis of the material, to be able to determine
what the possible costs of any order are, expressed in terms
of the amount of raw material.

If the scanner system is able to be integrated to
computational system with accumulated statistical
parameters of scanned material quality and raw material
units, it can, based on the volume of ordered products and
their quality indicators, model the potential amount of raw
materials required to fulfil such an order. Data engineering
methodologies are important to validate complex
problems having many variables and non-lineal relations
[16]. Such Al modelling systems that allow estimating the
costs of order fulfilment are very crucial for competitive
advantages and sustainability.

Below is a description of production tasks with
justification of the discussed needs for testing the created
prototype in a production environment:

1. Board scanner - the main component for
providing/implementing a digital solution in the cross-
sawing process. With the help of this equipment, as the
board moves through the scanner, all faces of the lumber
are digitally evaluated and based on the defined
parameters (specification of the materials to be obtained
and price criteria), the software compiles the most optimal
sawing algorithm for each board, as well as in some cases
directing the board for re-processing (sawing in width) or
thermal treatment (a separate post-processing process of
processing lumber in a special dryer at high temperature,
as a result of which completely dry lumber is obtained, a
brown tint throughout the lumber cross-section and
providing the material with improved physical and
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mechanical properties). As a result, following prototype
was created Fig.1.

Fig. 1. Cross-cutting optimizing scanner for cross-cutting and quality
(source: company LV Timber SIA data).

1. Preparation of an optimisation task, taking into
account the order volume, warehouse volume and product
values. Statistical analysis

2. Mechanisation of board feeding from the four-sided
longitudinal milling machine to the scanner and from the
scanner to the feed to the existing cross-sawing machine.
Automatic and efficient operation of the cross-sawing line
requires a conveyor system for feeding calibrated and
scanned boards to the cross-sawing machine, thus ensuring
fully automatic operation of the line.

3. Cross-sawing machine with discharge conveyors.

4. Increasing the efficiency of the existing cross-
sawing machine, mechanical and digital adjustment with
feed mechanisation in the existing cross-sawing machine.
In order to adjust the sawing line and ensure automatic
loading of boards, it is necessary to adjust the board
loading mechanisation in the existing cross-sawing
machine.

III. SPECIFICATIONS OF ESTABLISHED SOLUTION

A cross-cutting system was developed for wood
processing plant. For the assessment of a possible order
optimisation and surface defect data accumulation, the
machine learning models were trained on a variety of
images. It provides necessary quality control regarding the
processing of the size, diameter, eccentricity, height,
thickness and other parts of the non-contact numerical
parameters of detection based on 3D scanner results.

Often, workers manually carry surface quality control.
Wood processing companies train workers to identify
complex surface defects due to their wide variety and
sophistication in requirements. For wood processing
companies, we have applied advanced 3D scanners that
not only detect defects in products, but also offer the most
optimal solution for obtaining maximum value from each
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product, as well as ensure autonomous operation of the
product line with waste sorting advantages. The company's
scanner captures images and topographis images of the
boards from both sides, obtaining complete information
about each board. Next, the artificial intelligence
algorithm divides the boards into segments with good and
defective wood. This data goes through an optimisation
algorithm that divides each board into a predefined range
of products and already places the blades of the next
circular saw according to our algorithm data. All the
company's experiences were used in the implementation
of our product, and new knowledge on data analysis,
artificial intelligence and Computer Vision was
developed. We propose an upgraded system with high
recognition of wood defects and analytics to overcome the
optimisation problem caused by rising number of
sophisticated data especially for high quality wood
materials. As a result, we present acceptable strategies for
dealing with 3D data that allowing to establish an
integrated management network (Fig.2)
fS e as e R R
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Fig. 2. Actual prototype of the scanner system with 4 triangulation and
4 visual cameras and a translation system for optical alignment (Source:
authors created based on SIA LV Timber data)

Management will consist of several layers (based
on quality requirements) with different zoom ratio, to
increase the rate of precision during the defect recognition.
As for the decision algorithm, the analytical system
performs recognition of raw material required for the
order. Wood constantly exchanges moisture with the
ambient air, tending to an equilibrium moisture content so
recognition of proper quality and estimation of order
capacity is important [17].

Scanner for Aspen and Black Alder

The design of the decision-making system is
appropriate for capacity for large complex order, it is
proved to using several parts of processing board. This
enables the management to capture not only the available
materials, but also the costs and waste of the board (Fig.
3). The decision network uses not only output volume of
the available raw materials, it calculates supply inputs and
improves utilisation to avoid shortages with processing
and over capacity issues. It also reduces the oversupply to
a large number of orders and helps to confirm associated
costs.

In the Al decision network learning is also allowing to
created several layers of quality requirements thus
decreasing issues with inventory waste management. For
circularity management improvements in utilisation of
maximums raw materials are playing vital role.
Projections indicate that wood production will fall short of
societal needs by 2030, therefore, efficient wood resource
utilisation and waste wood management are essential,
necessitating collection, recycling, and reuse of idle wood
[18]. In recent years, a growing body of research has
focused on design strategies aimed at promoting
sustainability. One prominent model proposed as a
strategy for achieving circular design, as discussed in the
study conducted by Moreno et al. [19]. In order to promote
wood further utilisation in the future, the usage of raw
materials for digital manufacturing is a new opportunity.
One of reasons is the recent development of digital
fabrication technologies, such as 3D scanners and
automatic cutters especially with the help of Machine
Learning technologies with fast recognition are giving a
lot of opportunities for circularity management [20].

Aspen and black alder defect solution consists of 2
parts - image acquisition and image segmentation (quality
sorting), with the help of 3D scanner, a high-resolution
image with dimensions of more than 18k is obtained. The
image is then reduced in size and divided into smaller
areas to not only expand the range of images available, but
also to increase defect detection results. The resulting data
set is allowing to create management report with precise
cost and waste output for further analysis. During the
prototype training of the model, a wide range of wood
quality parameters was reviewed and tested, from which
the best ones were selected. Accordingly, the best model
was implemented, which was implemented for recognition
in the production line and management system. A
prototype of the most advanced scanner is located in a
medium-sized wood processing company in Latvia. The
board optimisation results for wood production line are
shown in Figure 3.

This is the basic information about the optimisation
algorithm uses to make further decisions on quality
sorting. Once the board has passed through the four
scanners, it is transported to the positioning process.
Meanwhile, the optimisation algorithm, is taking into
account the size of the board and the image information,
processes it via a neural network (CNN) and labelling
through the user interface for future order optimisation.
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The neural network is able to recognize different
classes of defects from the board image. It uses the sliding
windows methodology to scan different areas of an image
of the same size, where the segment belongs to a specific
defect class. As a result of the segmentation model, we
obtain boards that are already divided into parts,
separating the white or valuable wood from the defective
one. The optimisation algorithm then processes this board
information until it reaches the positioning stage. The
optimisation algorithm takes into account the individual
defect information of each board, the defect quality class
and the assortment of products produced every day -
product widths and their prices to create cost estimation
and future added value for each board. Using these
parameters, it is able to position the manufactured
products in such a way that the value of products on each
board is maximized and material waste and equipment
utilisation are minimized.

After optimisation, the next step for the board is
positioning. It is part of the production line where the
position of the board is fixed before it is cut into products
according to the order requirements. At this stage, using
the industry's most modern scanner systems, positioning
cameras and high-precision chain conveyor, we are able to
turn the optimisation result into a real position according
to a planned prototype results. When the positioning
algorithm is satisfied that the optimisation results match,
the board is locked and launched for sawing. The end
result is an automated full board sawing cycle for precise
cut, obtaining the maximum value from the material used.

2ieey
fsion N
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Fig. 3. Management system for detection of wood surfaces defects and
capacity utilisation (Source: authors created based on SIA LV Timber
data)

As a results, the following main benefits of speeding
up the production line with greater quality, sustainability
and optimisation are here. Before that we have manually
looked at the board before it reaches the saw, evaluated it
and decided how to get the maximum value from it before
it enters the positioning step. Compared to manual human
approach, which evaluates only one board at a time and
only then adopts the optimal sawing solution with manual
labelling, we can plan the next steps ahead with greater
analysed stock, evaluate several boards at the same time
and save them until they reach the saw. We not only reduce
the time it takes for a person to make a decision and make
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all the necessary adjustments, but we also reduce the
potential risk of human error. A person's attention and care
for details can decrease in an 8-hour cycle which in
ergonomics commonly known as vigilance fatigue. In
turn, an automated process will always return an
identically accurate and valuable result for the same
boards while having future challenges with more
sophisticated defects. Additional benefits can be seen in
reducing the workload for other processes and positions on
the production line, as the sawing process is autonomous.

IV. DISCUSSION, SCALABILITY AND COMMERCIALISATION
APPROACH

The key goal of this paper is to present a
commercialisation potential for scanners in wood
processing. We present a cross-cutting optimizing scanner
for aspen and black alder wood with Machine Learning
with CNN vision competency for manufacturing.
Computer Vision is an encompassing term which includes
the integration of both hardware and software for practical
application.

TABLE L IMPROVEMENTS AFTER INTRODUCTION OF THE
SCANNER SYSTEM
966,65 Production of high quality aspen boards, m?
6490 Total raw materials (aspen logs) consumed, m?
14,89% Yield (boards / logs)
9.76% B grade as a share of total high quality boards (the rest
bl 0 .
is A grade)
2500 Average monthly input of aspen logs, m?
1050 Average A grade aspen board selling price, EXW
08.2025-10.2025, EUR/m?
30% Average discount for B grade aspen boards
15,39% Yield (boards / logs)
0.50% Yield improvement in comparison to operations without

the scanner system

8% B grade as a share of total high quality boards

Reduction of B grade products in the total output,
calculated as 9,76% - 8%; the same improvement of A

0,
1,76% grade board output generates additional revenue.

In order to confirm our CNN productivity, we have
examined the customer's production reports over three
months, August to October 2025, when the prototype
scanner system was not yet developed. For comparison,
we use 2026 data, after the introduction of prototype cross-
cutting optimisation scanner (Table 1).

YIELD

With

15.60° scanner;

,60% 15,39%
15,40% — —

) ’ Without

15,20% scanner;
15,00% 14,89%
14,80%
14,60%

Fig. 4. Cross-cutting optimizing scanner for aspen and black alder
efficiency results (source: authors created based on SIA LV Timber
data).



Viadimirs Satrevics, et.al. Commercialisation Potential for Scanners in Wood Processing. Cross-Cutting Optimizing

The new scanner system improves output and reduces
the manual labour of two employees. As confirmed to us
by the customer, the main speed benefits come from the
elimination of manual correction, human error and
decision making (Figure 4).

Another noteworthy indicator is the decline in the
amount of lower-grade material, which has fallen from
1,4% of raw material volume to 1,2%. The scanner has
been able to find better solutions for optimizing each board
and has achieved a reduction in material waste (Figure 5).

The scanner has been able to improve efficiency not
only in the recognition of defect material, but also quite
significantly in the production of useful material due to
better optimisation. 92% of high-quality aspen boards are
now marked as “A” (top) grade, whereas without the
scanner the share of A grade boards was 90,24%. Since
“A” grade boards contribute to significant price premium,
the reduction of false negatives observation due to human
errors (where A grade boards are marked and sold as B
grade boards) improves company profitability. This factor
also determines the achievement of the client's financial
goals that our scanner has allowed us to achieve.

100% " Ev—  Top(A)...
1,4% B grade,...
50% s Rest;
85,1% 84,6%
0%

Without scanner With Scanner

Fig. 5. Results of implementation of cross-cutting optimizing scanner
in wood processing (source: authors created based on SIA LV Timber
data).

CONCLUSIONS

The final result of the research project is a successfully
developed prototype of an aspen and black alder cross-
cutting optimizing scanner, able to ensure automated
operation that meets the defined production tasks.

For small and medium companies and projects, using
ML is usually costly, requires long period to adapt or
issues with optimisation and defect recognition options.
SME cannot provide Big Data to be analyzed or applied.
Recognizing this, out prototype was elaborated to address
these shortcomings and more quality classifications have
been expanded to use 4 scanners with better resolution and
board combinations. As a result, the state-of-the-art for
modern wood processing companies is allowing to
commercial contemporary technologies available on
market, and also simplifying and speeding up learning
process.

In this research, we have addressed the application of
ML models for the prediction of wood defects for high
value wood species. Our experience can become a good
case to determine the scalability of ML systems and to
apply them for specific manufacturing requirements based
on production capacity and quality requirements. This

Scanner for Aspen and Black Alder

brings new prospects for machine learning models to be
applied in a wider range of manufacturing projects.

ML system for defect detection through CNN will
contribute to technological innovation, industry, national
development and other applications within European
Union. According to our report, yield of quality aspen
boards has gone up from 14,89% to 15,39% measured as
a fraction of volume of raw materials (aspen logs).
Another significant indicator is optimisation of material,
whereby the new technology marks 92% of high-quality
aspen boards as A (top) grade, while previously manual
labour resulted in 90,24% recognition of A grade. Since A
grade boards command significant price premium in
comparison to B grade boards, the improved recognition
of top-grade products has increased monetary value, with
estimated benefits of 25 thousand EUR annually. Based on
these facts, it can be concluded that our scanner has been
able to find better solutions for optimizing each board and
has achieved a reduction in material waste and bringing
greater value for company. The recognition accuracy for
greater quality can be obviously improved in future while
CNN becoming more accurate due to learning process.

Therefore, we proved that commercial potential for
scanners in wood processing developed for the wood
industry is efficient and could be easily scaled up in size
and in case of technology transfer will be basically using
the similar technologies. This paper explored a scalable
deep-learning approach for surface defect detection with a
CNN from the point of view of specific industrial
application. Our framework created from the project it is
possible to increase management efficiency, reduce labour
costs and increase sustainability results for the company
and increased speed of production.
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