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ABSTRACT

By increasing knowledge about the problem and calling for sustainable and circular
solutions, governments, institutions, and organizations encourage companies, fashion
brands, and industries to address the main sources of pollution in the textile sector
by reducing waste. Scaling sustainable solutions is quite challenging because these
solutions require a lot of study to develop eco-friendly production methods. This study
explores how artificial intelligence (Al) using digital solutions for pattern cutting plan
reduced waste from cutting the manufacturing of garments. The digital solutions for
development pattern cutting plan, such as optimization plan software, is a program that
enables the creation of pattern plans for cutting and production of clothing pieces. On
the other hand, the software of making plans, supports the use of artificial intelligence
to optimize an expansion strategy by conducting nesting simulations to achieve the
most efficient and least wasteful plan.These studies, which used these digital solutions,
were conducted in the CAD laboratories of the textile department at the University of
Beira Interior and aim to develop a study for different fashion design pieces, different
sizes, and combinations of sizes in the marker plan. With the study conducted on the
various marker-making, it is concluded that the use of Al in digital tools given more
efficiency and productivity, and there is a limit of number of combinations of sizes to
reduce waste. It was cut and a prototype was produced to demonstrate the potential
of the threads made with visual textile yarn orientation material. For this, a twill fabric
produced within the scope of be@t was used, with a yarn in the weft 50% recycled
produced in the DCTT laboratories at University of Beira Interior. It was concluded that
these digital tools allow companies in the textile industry to save time, resources and
improve their ability to make quick decisions and study different options with less time
for reduce waste, compared with solutions without artificial intelligence.
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INTRODUCTION

Digital transformation (DT) has become a crucial strategic requirement
for companies looking for success in a highly dynamic, competitive,
and uncertain business environment in the current era of unprecedented
technology innovation. To significantly alter an organization’s operations,
value-creation processes, and stakeholder involvement, DT refers to the
integration of digital technologies into every department of the company
(MaryAnne M. Gobble, 2018). Artificial intelligence, simulation, cloud
computing, additive manufacturing, augmented reality, cybersecurity,
industrial of internet of things, 3D printing and robotics, vertical and
horizontal integration, and big data analytics are examples of digital
technologies that have enabled companies to increase productivity, flexibility,
and creativity (Zaki, 2019; Pereira, 2022; Pereira, et al., 2025). Recent
research emphasizes the importance of aligning digital transformation with
sustainability principles, a strategic integration referred to as sustainable
of the companies (Kunkel & Matthess, 2020; Wiegand and Wynn, 2025;
Pereira et al., 2025). Based on the results of these studies, this research
aims to relate the use of Digital transformation and the reduction of waste,
contributing to a more sustainable industry.

SUPPLY CHAIN DIGITALIZATION

Over the past few decades, digitalization has grown significantly. These days,
supply chains and other company operations are interconnected due to the
fourth industrial revolution, often known as Industry 4.0 (Seyedghorban
et al., 2019). Information availability and transparency, supply chain
process optimization, real-time data collection, process waste reduction,
and improved inventory management are some advantages of digitalization
in supply chains (Kache & Seuring, 2017) . Businesses must rethink their
organizational strategies to obtain a competitive advantage as they transition
to digitalized, fully connected, and transparent business processes (Li et al.,
2018). But not every company is ready to go digital. Adopting digitalization
might be particularly difficult for small and medium-sized businesses (SMEs).
Financial and human resources, notably workforce technical competencies,
are factors that limit SMEs” adoption of digitalization (Boksa et al., 2020). To
be competitive and future-proof, businesses must assess their digital abilities,
for example, by conducting a maturity scan (Zondervan et al., 2022).
According to Gupta et al. (2020), a company’s level of digital maturity
depends on the technology and tools it uses in comparison to the most recent
trends in the sector, as well as the extent to which it uses technology to
achieve supply chain and company goals.

THE INTEGRATION OF DESIGN

At Textile and Clothing Industry (TC&I) , the digitalization of design
integration with production is already a reality with used CAD/CAM
systems, but it should advance quickly to the extensive usage of virtual
models and tests using simulators that can include all stages of production.
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According to research conducted in 2014 by the European Skills Council
Textile Clothing Leather Footwear (TCLF), digitalizing design is crucial to
achieve the following goals: develop a more customized, high-value proposal,
strengthen the relationship between manufacturers and consumers, increase
flexibility, rigor, and productivity, simplify procedures and improve profits
for companies (European Union, 2025). The CAD-3D will make it possible
to develop virtual prototypes of products that are exact to client preferences
while additionally creating a database with consumer measures to encourage
innovation in accordance with those preferences, with that we can reduce
the number of of prototype samples. Perhaps the technology that advances
fashion the most is the digitization of design (TC&I) for its contributions to
process, product, and marketing innovation. Cloud computing enables access
to a vast set of data that is not physically stored on the computer. The data
is available through the Internet. The benefits of computing in the cloud are
related to the access of information through a device that allows collecting,
analyzing, and sharing with clients, suppliers, and company personnel, which
facilitates the creation of an image of every step of the value chain, from
suppliers to the final consumer (Associagdo Téxtil e Vestuario de Portugal,
2018).

DIGITALIZATION TECHNOLOGIES AND WASTE REDUCTION

An important advancement in sustainable practices, the incorporation of
digitization and artificial intelligence into waste management creates both
opportunities and challenges. The digital transformation of supply chain
management highlights the necessity for a comprehensive approach to
sustainability(Schilling & Seuring, 2023). For makers of clothing, furniture,
automobiles, and technical textiles, different software, offers, a professional
marker-making and automatic nesting solution. It converts cut orders and
graded patterns into extremely effective markers that maximize fabric yield
while cutting labor, waste, and cycle time. For example, the Diamino software
arranges pieces based on size runs, fabric widths, grain and nap, matching rules
for stripes and plaids, buffer allowances, and exclusion zones using complex
algorithms. To balance speed, quality, and material consumption, it offers
roll and piece management, single-ply and multi-ply cutting, and interactive
or totally automatic nesting modes. It can simulate hypothetical situations
to maximize material distribution and efficiency, and it offers detailed
consumption analysis and costing reports to support planning and pricing
negotiations. Sector requirements, including specialty materials to complex
structure limitations, are addressed by industry-specific arrangements. Faster
marker generation, increased fabric consumption, less placement errors, and
a more efficient, economical cutting procedure are the results. With Diamino
V5R4 the manufacturers looking for simplicity of use, speed, and efficiency
in marker-making and material consumption optimization activities during
the phases of costing, prototyping, and manufacturing. It also optimizes
material consumption at the development and production stages. Another
benefit that companies gain from this software is the ability to simulate fabric
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consumption for a specific order and forecast it, creating synergies with the
company’s sales and accounting departments (LECTRA, n.d.).

ZERO-WASTE

When translated literally, “zero-waste” means “zero garbage.” This method
has been applied to the production of fashion items because it minimizes
environmental consequences by reducing the amount of textile waste that
is thrown away during the manufacturing process (Srivastava & Chanana,
2024).

Accordingly, zero-waste refers to the process of fully utilizing raw materials
and producing cuts that maximize the material and produce the least amount
of waste. The zero-waste technique is attributed to eco-design, which
anticipates the reduction of waste and reuse, integrated into a structural
technique Zero-waste elevates the designer’s creative capacity, encouraging
them to rethink solutions that respect the sustainability principles (Almansour
& Akrami, 2024).

However, even while the zero-waste approach aims to prevent and
reduce waste before and during the production process. Using this method
necessitates examining the pattern and encasing procedure for the pattern
making in different sizes. In addition, in large-scale industrial production,
the fitting may show inconsistencies with the initial tests and signal changes
in the initial material consumption, which could be a weakness of the mold’s
grading system (Keating, 2025).

METHODOLOGY

This research proposes the analysis a case study of clothing piece use of
fabric in twill with diagonal orientation with wool recycling fibers from be@t
project and the development of a prototype with zero-waste patternmaking
techniques in the development of clothing products aimed at reducing textile
waste in all phases of pattern cutting process. It is proposed to adapt and
study the patternmaking of a bomber jacket to reduce waste. The basic
bomber jacket patterns represented technical drawing in Figure 1.

Figure 1: Study of technical drawing for reduce waste. Source: own.
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The basic analysis of consumer, we used the diamino expert with IA. The
firth analysis of consumers has a base of 1.35 with only 67.02 % of efficiency,
and the fabric width needed for the pattern is 1.65 m (Figure 2).
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Figure 2: Patternmaking base of the bomber jacket (DCTT CAD).

This study began with the development of patternmaking based on digital
software: Previous tests and the use of these patternmaking bases incentivized
the choice for the development of the products of this research.

Based on the patternmaking base, tests were conducted using the
Diamino software with artificial intelligence (AI), and the use of this
base motivated the development of products, allowing for a reduction in
consumption and consequently a reduction in waste. They were developed
from the base bomber jacket, with other variants applying cuts to pieces
and zero-waste techniques. The cutting plan was developed digitally in the
software using the diamino with Al which allowed for the best cutting plan
for the configured width of 1.50m (the usable width of the fabric used).
The cutting pan respected the restrictions that were applied to the
automation, such as adhering to the grainline and forcing in the same piece
of garment not to rotate, meaning the pieces had to respect an orientation.
The specification of the quantity of products to be fitted was the outcome
of earlier experiments that showed that the combination made the most use
of the fabric. Additionally, considering large-scale production, cutting plan
additional pieces offers satisfactory waste reduction. The base bomber jacket
with batwing sleeves in size 38 does not fit within the usable width of the
1.50 m fabric. For this, it was necessary to make a crosscut on the sleeves
and create the shaping effect: CAMCORT (see Figure 1). Another variant
was created with a bias cut in the front to create a diagonal effect on the final
piece: CAMCORTT. To create another hypothesis was to include the same
cut from the front in the back part: CAMCORT?2. Tests were conducted
on the 2 variants, and it was concluded that the variant with the front cut
(CAMCORT1) was the most viable for better utilization and better results
(see Figure 3).
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Figure 3: Comparison of a folded plan with the variant with a cut in the front
(CAMCORT1) and with a cut also in the back (CAMCORT2) - own source in DCTT CAD.

When fitting the bomber jacket with a back cut to add to the front, there
was no better profitability, which increased consumption due to the necessary
sewing values for the making, and it is one more operation in the shirt’s
development. So, based on this variant (CAMCORT1), several tests were
developed, changing the stretching conditions and the number of pieces to fit
in the same plane (see Table 1).

Table 1: Tests conducted on the optimization plan of software in the CAD laboratories
of the DCTT (own source).

Number of Sizes of Name of Cutting Plan Condition of  Useful Plan (m) Unit (m)
the Spreading Plan Cutting Stretch Width (m)

1 size 38 CAMCORTEI1FEST  Folded 0.75 1.525 1.525

1 size 38 CAMCORTEIMP1 Simple 1.50 1.359 1.359

2 size 38 CAMCORTEIMP2 Simple 1.50 2.532 1.270

4 size 38 CAMCORTEIMP4 Simple 1.50 4.901 1.225

6 size 38 CAMCORTEIMP6 Simple 1.50 7.382 1.230

The software with Al allows analysing the efficiency percentage of each
plan. Thus, it is possible to see the percentage of textile waste after the pieces
are cut. Taking an example of a fabric that costs 8 euros per meter, we can
check the cost of a piece and the cost of the waste after the cut is made. (see
Table 2). Furthermore, this cutting plan can be used in large-scale production,
and for example the optimization of 1000 products/day, we have 1980 euros
of waste by day from 2 sizes, and for 4 sizes 1670 euros.

Table 2: Tests conducted on optimization plan of software in the CAD laboratories of
the DCTT (own source).

Number of Sizes of the  Unit Efficiency Waste Bomber Cost of
Spreading Plan Consumption (m) (%) (%) Cost Waste
(EUR) (EUR)
CAMCORTE1FEST 1.525 66.56 33.44 12.20 4.07
CAMCORTEIMP1 1.359 74.80 25.20 10.87 2.74
CAMCORTEIMP2 1.270 80.49 19.51 10.16 1.98
CAMCORTEIMP4 1.225 82.95 17.05 9.80 1.67
CAMCORTEIMP6 1.230 81.80 18.20 9.84 1.79

The following images represent the plans of the various size combinations:
1,2, 4, or 6. All cutting plans are shown in a simple open cutting stretch (see
Figure 4).
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Figure 4: Plans for various size combinations with variant (CAMCORT1) - own source
in DCTT CAD.

We can analyze that 1 bomber jacket cut in a folded has more waste than
a bomber cut in a single ply. With the cutting of the simple sheet, shows that
mixing more pieces in the same plane results in better efficiency. By analyzing
the data, it is observed that increasing the number from 1 bomber to 2 results
in a 5.69% increase in efficiency, and for 4 bombers, an 8.15% increase.
There is a limit to the cutting plan efficiency; this is confirmed by the fact that
mixing 6 bomber jackets in the same plane decreases efficiency compared
to the 4-bomber plan. Therefore, for this type of product, the number of
patternmaking composition sizes in the same cutting plan with the highest
efficiency is 4 (CAMCORTEIMP4).

With the chosen variant, the plan was cut to make a prototype that serves as
a demonstrator of yarns produced with recycled material. A fabric produced
at was used, which belongs to the consortium of the be@t project, in which
the weft used yarn produced in the laboratories of the Department of Textile
Science and Technologies of the University of Beira Interior. The production
of the fabric used the yarn with 25 Nm open-end with 50% recycled fibers
wool/viscose and 50% virgin cotton in the weft and in the warp used the
yarn with 55% PES, 45 % wool RWS with the title 2/50Nm. The result of the
composition was: 28 %PES, 25 % Cotton, 22% Wool RWS, 12.5% Recycled
Wool and 12,5 % Recycled Viscose. The fabric structure used was granite
with 25.5 yarns per cm and with the fabric was produced the prototype
demonstrator (see Figure 3).

Figure 5: Fabric sample and the prototype demonstrator, Source: own.
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The effect of a wider stripe was also simulated to understand the aesthetic
effect that simultaneously allows for reduced fuel consumption (Figura 6).

T
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Figure 6: Fabric with large stripe, Source: own.

CONCLUSION

This study aimed to analyze the patern making and cutting plan process of
a fashion product — bomber jacket, with a focus on reducing textile waste
derived from the garment industry, using industrial upcycling as a technique
with digital technology included IA used.

It is confirmed that giving sustainability values to the product was possible
add sustainability values to the product. It is highlighted that using automated
techniques for studying the optimal fit of the clothing products may boost
fabric consumption and, as a result, reduce the use of material. In this specific
case, the results of the bomber cutting plan demonstrate the need for an
in-depth study on it; that is, the introduction of cuts in parts of the garments,
namely, in the sleeves and fronts. Even though it takes a lot of time to analyze
and cutting plan through studies, the approach is interesting because it can
result in significant benefits that are crucial for industry and, by extension,
the environment. With the study conducted on the various marker-making,
it is observed that the more times it is placed in the same marker, the more
efficiency is gained and consequently less waste. But there is a limit to the
number of times, because due to the pattern making of the model, we don’t
gain much more by adding more pieces.
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