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design for novices. The process uses advanced Al algorithms to
facilitate the conversion of 3D scans into usable patterns. Machine
learning adapts to different garment styles (close-fitting, regular fit
and loose-fitting), ensuring a broad applicability, while
customization options allow a precise adaption to individual body
measurements. This Al-assisted tool enables a wider audience to
generate customized garment creation.
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1 Introduction

Digital CAD (Computer Aided Design) tools are very important for the clothing technology and pattern
development. Not only have they revolutionised the garment manufacturing process, but they are also
helping to increase efficiency, precision and creativity in the fashion industry. A key aspect is the
precision that digital CAD tools bring to the pattern development process. By using precise digital
measurements and software applications, designers and technicians can develop accurate patterns that
fit the human body correctly. In addition, digital CAD tools enable seamless collaboration between
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different players within the textile chain. Designers, pattern makers, tailors and manufacturers can work
on a digital model in real time, which improves communication and shortens time to market. Another
advantage is digital CAD tools help to reduce resource consumption and environmental impact. By
avoiding physical prototypes and using virtual simulations, companies can minimize material waste and
production waste, which contributes to more sustainable apparel production. Overall, digital CAD tools
play a crucial role in modernizing and optimizing the garment technology and pattern development. They
enable a precise fit, improve collaboration in the production chain, speed up the design process and
contribute to the sustainability of the fashion industry. Therefore, they are indispensable tools for fashion
designers and garment technicians [1]. At time, when the fashion industry is shifting to digital and
content production as well as marketing activities are becoming more virtual, the importance of digital
tools and technologies is becoming increasingly apparent. For gaming and 3D artists in particular as well
as fashion companies, it is becoming essential to develop efficient methods of creating virtual garment
renderings that are both engaging and accurate [2].

While digital CAD tools are already a major advancement in the garment engineering and pattern
development, it is equally important to create options that people without formal training or experience in
the field can use. For this reason, we present a new approach: Our objective is to develop an Al-assisted
pattern generator that enables people to create virtually basic patterns for garments, even without
specific knowledge or experience in pattern construction. By integrating Al-technologies and algorithms,
users can import their own 3D scans or the models they want to work with to generate an ideal
construction body (ICB) and create basic patterns for tops in this first draft. Our Al-assisted pattern
generator represents the first step in making pattern construction accessible to everyone and breaking
down the barriers between the traditional craftsmanship and digital innovation.

2 Theoretical foundations

The traditional approach to pattern construction in garment engineering is based on a craft process that
requires a variety of specialized skills and techniques. Typically, this process begins with the creation of
basic patterns, which serves as a starting point for the construction of various garments. To create a
basic pattern, body measurements are first taken and are used to calculate the construction values.
These measurements form the basis for creating a two-dimensional pattern, which is brought to the
three-dimensional body shape. This basic pattern is then adjusted and refined on a model or mannequin
to ensure that the pattern fits, and the desired fit is achieved. This iterative process of adjustment and
revision may require several iterations until the desired result is achieved. Traditional pattern
construction requires a high level of expertise, experience and craftsmanship to create precise and
accurate patterns [3].

21 Conventional Pattern Construction Methods

There are many different pattern systems with different approaches to construction development, each
with their own advantages and target groups. The selection of system often depends on the specific
requirements, preferences and resources of the application:

¢ M. Miiller & Sohn pattern system is most widely used in the international clothing industry and
was developed by Michael Mdller in Munich back in the 19™ century. Since then, it has been
continuously optimized and adapted to the current industry requirements. It is divided into the
areas of women, men and children. This construction is also based on the creation of a
measurement set which is generated using body measurements and construction formulas [15].

¢ Hohenstein: Like the M. Muller & Sohn design system, the Hohenstein pattern system is used to
create basic and model constructions based on dimension sets. However, here the model cuts
are designed according to the later visual appearance, i.e. the silhouettes [16].

e The Optikon system is an androgynous process concept developed by the Niederrhein
University of Applied Sciences as part of a research project and is also used in the industry [14].
The so-called closed system Optikon is suitable for the construction of entirety of garments for
both women’s and men’s outerwear [6]. The primary body measurements are necessary for the
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design: chest circumference, body height, buttock circumference, waist circumference, and figure
type. In addition, the secondary body measurements are calculated using formulas. These
formulas are based on the correlation of primary and secondary measurements defined in the
standard measurement tables and are used to construct garments with individual measurements.
The construction-related coordinate system is created from the primary and secondary body
measurements, which shows the relationship between the human body to be enveloped and the
individual flat parts that will envelop the body. Here, both the human proportions and clothing-
specific parameters for the construction of models are taken into account [6,14].

2.2 Flattening

Flattening, also known as unwinding, represents a fundamental methodology in garment pattern
development. This process technique aims to transform a three-dimensional garment into a two-
dimensional shape that is used as a pattern. Flattening plays a central role in the realization of designs
from the concept to production by enabling designers and pattern makers to create accurate and scaled
patterns. By applying mathematical principles and geometric calculations, complex three-dimensional
shapes and curves can be projected onto simplified, flat surfaces without distortion. This approach forms
the basis for the production of accurately fitting garments, with flattening acting as an indispensable
technique [4,5].

Dividing the upper torso into eight regions is the most precise method for processing a body scan, as
shown in Fig. 1. The lower half of the upper torso can be unrolled by adding two further regions. This
results in a total of 12 regions, which give 24 regions for the right and left halves of a body. The chest
point and waist line, as well as the front and back center, provide the reference points for classifying the
torso. This method is used to unwind the three-dimensional body because, for example, it is not possible
to unwind an entire front section in one piece without distortion. This is due to the fact that darts are used
in the two-dimensional pattern construction to reshape a human body shape. With this method, the
regions are divided where darts would be placed in a construction. First, the bust point, the center front
and center back and the side seam are determined on the 3D scan. The height of the waist and hip line
is then defined and the torso can be divided into 12 / 24 regions. Surface flattening was selected as the
method for pattern creation, demonstrating a notably enhanced precision in fit, particularly in the
development of patterns based on individual body data. Traditional pattern construction typically
necessitates multiple adjustment iterations to attain the desired fit, resulting in inefficiencies, particularly
in the context of individualized or bespoke patterns. Moreover, the quality of pattern components
frequently relies on the specific skills of pattern maker. Consequently, conventional pattern construction
encompasses numerous interdependent variables like ease based on experience that hinder the
assurance of optimal fit across all body types [17].

Fig. 1 Flattening torso division.

Surface flattening provides a dependable method to achieve the required garment fit [7]. However,
inherent sources of error exist in this approach. When utilizing the body surface directly from scanned
data for pattern creation, essential allowances are omitted, impacting both the comfort and the
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recognizable garment aesthetics. In addition, the lack of allowances means that only close-fitting
garments made of highly elastic material can be covered.

The following criteria must be considered when creating optimized 3D models for flattening to obtain
optimal garment patterns:

1 The silhouette of the desired garment — X, O or A.
2 The position or layer of desired garment — 1%t, 2" or 3™ layer.
3 The fit of the desired garment — close-fitting, regular fit, or loose-fitting.

The silhouette of the desired garment is important for the initial spacing of garment on certain parts of the
body. For example, the distance to the waist is set higher for an O-silhouette than for an X-silhouette.
Table 1 shows an example of how offsets for different silhouettes can be classified.

Table 1. Offsets for different silhouettes.

)
|

il ll

Silhouette X-silhouette O-silhouette A-silhouette

Offset bust Low Medium Low
Offset waist Low High Medium
Offset hip Medium Medium High
Offset knee Medium Low High

The term “layer or position of the desired garment” refers to the various strata of attire worn in
succession. For instance, undergarments, which are worn closest to the body, necessitate minimal
additional breadth (0 degrees). Conversely, outerwear like blouses 1% layer, jackets 2" layer, or coats 3™
layer demand a more substantial allowance. These allowances can be derived from traditional pattern
drafting methods. Moreover, it is essential to consider the desired fit of the garment. Opting for a slim fit
implies that there will be less need for alterations in the body measurements, whereas choosing an
oversized fit will demand correspondingly greater allowances in terms of proportions. The initial body
shapes utilized were derived from X-silhouettes, tailored in a slim fit for the primary, secondary, and
tertiary garment layers without taking its structure into account. Table 2 presents the body dimensions of
the original body form employed alongside the respective dimensions of ideal construction bodies. It is
crucial to emphasize that any displacement of values along the vertical axis must be avoided. Such a
shift would lead to inaccurate positioning of the chest, waist, and hip measurements, consequently
leading to an improper fit. Therefore, the offset for vertical axis values must be zero. Table 2 defines the
dimensions for different clothing layers [7] according to [8].

Table 2. Dimensions for different clothing layers [8].

Measurementincm  Size 38 Offset 1%t layer Offset 2" layer Offset 3" layer

Body height 168.0 0 168.0 0 168.0 0 168.0
Chest circumference 88.0 4 92.0 5 97.0 5 102.0
Waist circumference 72.0 4 76.0 5 81.0 5 86.0
Hip circumference 97.0 4 101.0 5 106.0 5 111.0
Shoulder width 12.7 0 12.7 1.5 14.2 0.5 14.7
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2.3 Overview of existing digital solutions in garment design

Existing digital garment development programs offer a variety of features and tools to support the entire
production process from design conception to manufacturing. Some of the best-known programs in this
area are:

o Optitex: Optitex is a software solution for the apparel industry that offers a wide range of features
including pattern making, 3D visualization, sizing and virtual fitting. The software enables
designers and technicians to create realistic 3D models of garments and develop virtual
prototypes [18].

e Assyst /| Style3D: The CAD system Assyst is a solution for the apparel technology,
encompassing both 2D and 3D functionalities. Assyst’s 2D program allows for precise pattern
drafting and a construction development, accommodating various designs and sizes inclusive
grading. Integrated with Style3D, a 3D simulation program, it offers the capability to visualize and
modeling these patterns within a three-dimensional environment. Style3D enables designers to
virtually try on garments, simulate materials and colors, and generate renderings. The
combination of Assyst’'s CAD system and Style3D offers integration between 2D and 3D design
processes, leading to more efficient and accurate apparel development [19].

o Gerber: Gerber Technology offers a suite of apparel manufacturing software solutions, including
pattern making, sizing, marker making and the production management. Lectra Modaris is from
the same company an important provider of software solutions for the apparel industry. Lectra
software includes modules for the design, pattern making, production planning and control, and
automated cutting technologies [20].

e Browzwear: Browzwear specializes in VStitcher 3D design software for the apparel industry.
Browzwear’s software enables designers to create realistic 3D models of garments and perform
virtual try-ons to check fit and design before the production. The corresponding 2D parametric
pattern construction software GRAFIS belongs to the VStitcher 3D CAD program [21].

e CLO: CLO is a 2D and 3D design software for the apparel industry that enables designers to
create realistic 3D models of garments and perform virtual try-ons. The software offers a variety
of tools for pattern making, sizing and textile simulation to cover the entire production process
[22].

These programs offer a variety of functions and tools to support the entire production process from the
design concept to manufacturing and have a significant impact on the efficiency, precision and creativity
in the fashion industry. Nevertheless, all of them require special knowledge and experience in pattern
construction.

24 Gap analysis

The described advances in the digital garment technology have made it easier to produce patterns from
3D scans. Traditional pattern construction methods are being supplemented by technologies to automate
and simplify the pattern making process compared to manually constructed patterns where a fit analysis
can only be performed on the physical prototype. A key aspect of evaluating current technologies is the
ease of use. Traditional pattern construction methods often require extensive expertise and experience
to create precise and customized patterns. The development of an Al-assisted pattern generator with the
integration of automation technologies enables users to quickly and efficiently create customized
patterns. Even if Al cannot replace experience in pattern making for the various different body shape
types and applicable textile materials, different bespoke basic patterns can also be generated by non-
professionals without having to rely on complex processes. Another important factor is the accessibility
of technologies. While traditional pattern construction methods often require expensive and specialized
equipment, and modern digital solutions, in the most cases, are only useable through the pricey
acquisition of licenses and only run on PCs that fulfill certain technical requirements, the open-source
software Blender for our tool is for free and widely available. The availability of software solutions that
run on standard hardware platforms and appeal to a wide range of users is helping to increase the
accessibility of patterning technologies for the use in various industries. In addition, the development
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focuses on automating the process of generating made to measure basic pattern from 3D scans.
Through the use of algorithms and artificial intelligence, complex pattern design tasks are automated,
resulting in significant time savings and increased efficiency. This enables users to quickly and precisely
generate customized patterns without the need for extensive manual intervention.

In this context, measurement programs, 2D pattern systems and 3D simulation and visualization
software are crucial components of the workflow. The integration of these technologies enables users to
go through a seamless process from data acquisition and pattern creation to virtual fitting and
visualization. The advantage is that users, even without extensive expertise, can quickly and easily
create customized basic patterns from which they can further develop their designs. For this process of
flattening the pattern of the 3D object, the UVs of the scan will be cut in Blender: Blender's UV Editor
provides a shader specifically designed for visualizing UV stretching based on area metrics. This shader
utilizes a heatmap color scheme, ranging from blue to yellow, to represent the degree of stretching
across UV faces in the UV map. Consequently, some instances of UV stretching may be challenging to
identify, particularly during the model manipulation in the 3D Viewport. In contrast, the UV Editor does
offer a feature for selecting all overlapping UV faces, which can be observed in both the UV Editor and
the 3D Viewport. Furthermore, Blender has the option to color individual faces of the model based on the
orientations of their normals within the 3D Viewport. However, this functionality is confined to the 3D
Viewport and relies on the computation of colors from the normal vectors of faces in the 3D model.
Notably, there is currently no provision for computing colors based on UV normals, thus restricting the
application of this feature to surface normals only. Finally, to visualize any texture on a model, Blender
users must manually create a new material, associate the texture with it, and assign the material to the
model. This multi-step process is necessary for rendering textures accurately on the model’s surfaces
within the 3D Viewport and during final rendering [23].

25 The role of Al in transforming fashion design processes

The integration of Artificial Intelligence (Al) technologies has catalyzed a profound transformation within
the fashion design domain, revolutionizing traditional processes and methodologies. Al's role in the
fashion design encompasses a myriad of functionalities, ranging from trend forecasting and virtual
prototyping to personalized styling recommendations and sustainable practices. By leveraging machine
learning algorithms, Al systems can analyze vast datasets of historical trends, consumer preferences,
and market dynamics to generate predictive insights, thereby empowering designers with valuable
foresight into emerging styles and consumer demands. Additionally, Al-driven virtual prototyping tools
facilitate rapid iteration and refinement of designs, enabling designers to visualize and evaluate their
creations in a virtual environment before physical production. Moreover, Al-powered styling platforms
leverage advanced image recognition and recommendation algorithms to curate personalized fashion
suggestions tailored to individual preferences and body types. Furthermore, Al technologies play a
pivotal role in promoting sustainability within the fashion industry by optimizing supply chain
management, reducing waste through predictive demand forecasting, and facilitating the development of
eco-friendly materials and production techniques. Overall, Al represents a transformative force in the
fashion design, fostering innovation, efficiency, and sustainability across the entire design process, from
ideation to the consumer engagement [24].

In this paper, we used geometric models of garments provided by the Berkeley Garment Library, a
resource developed by the UC Berkeley Computer Graphics Research group. These models, designed
for the use in cloth simulation, have been used as training data for our network. The Berkeley Garment
Library offers a diverse collection of garment models that are essential for the realistic simulation of cloth
behavior in various contexts [9,10]. To augment the training data, we used the Sewfactory Dataset [11]
which consists of around one million images and ground-truth sewing patterns for model training and
quantitative evaluation. Additionally, we used the “Dataset of 3D Garments with Sewing Patterns” [12],
which consists of 23,500 3D garment models with their corresponding sewing patterns in 12 groups of
garment types. Garment Tool 2.0 is a Blender add-on designed to enhance the garment creation
workflow. It provides an interface for designing realistic clothing by simulating fabrics, patterns, and
stitches. Blender’s physics engine is used for the accurate cloth simulation [23].
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3 Development of the Al-Assisted Pattern Generator Plug-in

Input Style Shell Al Data Al 3D
3D Scan Selection of Generation Detection of Generation Visualisation
from a desired of the ideal construction of pattern of style
tyle + of construction points and Distorti ; ;
human bod S 3 ' Istoruon + Simulation of
gD Avatary clothing body for lines from free the fit

layer flattening tool flattening

Fig. 2 Workflow Al-assisted pattern generator.

3.1 Conceptual framework and objectives of the plug-in

A central part of our project’s technology stack is a specially developed tool for Blender. The script was
developed with the aim of providing an intuitive, efficient and seamless bridge between the theoretical
aspects of our methodology and its practical application. Blender supports easy import of 3D scanned
avatars and the tool automates the conversion of raw scan data into a format that can be used for further
steps. This script then offers the selection and configuration of clothing parameters. The interface allows
users to select the type of garment, adjust fit preferences (e.g. loose, regular or tight fit), and set other
customization options, with these parameters seamlessly integrated into the 3D body model.

The determination of seamlines, pattern details (e.g., cut lines, gathers, darts, pockets), and other
construction elements is driven by the Al algorithms and pre-set garment templates. Here is how the
process is handled:

o Garment type selection: When a user selects the type of garment, the script references a
database of predefined garment templates. Each template includes standard seamlines, cut
lines, and structural elements typical for that garment type.

o Fit preferences and customization: Adjusting fit preferences (loose, regular, tight) influences
how the templates are adapted. The Al algorithm modifies seamlines and cut lines to
accommodate the selected fit. For example, a tight fit may require additional darts to ensure
proper shaping, while a loose fit might reduce the number of darts and gathers.

o Pattern detail generation:

e The number and placement of seamlines are determined by both the garment template and
the fit adjustments. The script uses body measurements and fit preferences to position seams
in a way that maintains garment integrity and aesthetic.

o Darts are generated based on the contours of the 3D body model. The Al identifies areas
where shaping is necessary and places darts accordingly. For example, bust darts are added
for garments that require shaping around the chest area.

o Pattern lines are based on the garment template and modified by fit preferences. Gathers are
added in areas requiring additional volume, such as around the waist for a gathered skirt.

e Customizable options like pockets are included based on user selection. The script positions
these features based on standard garment construction principles and user-defined
parameters.

The integration of these details ensures that the generated patterns are comprehensive and ready for
production. The analyzed body surface provides the essential data needed to create an ICB 3D body
shape for garment fit. The development of this Blender tool represents an initial step in improving the
production of customized garments. By integrating complex 3D scanning and garment fitting processes
into a familiar and powerful 3D modeling environment, the tool aims to increase efficiency, accuracy and
significantly increase the creativity of digital clothing design without explicit garment construction
knowledge.
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3.2 Description of the neuronal network

Another important goal is to integrate the script into the pre-trained neural network that is responsible for
generating patterns. This functionality allows garment patterns to be generated and edited directly in
Blender, streamlining the workflow from design to pattern creation (Fig. 3).

We employ NeuralTailor [13] as a base model and adapt this model to transform our optimal body
surface 3D model into precise garment patterns. The network operates as follows:

: 0 B
EdgeConv| | .
Encoder
‘ | | — |LST™

Fig. 3 Al-driven garment generation network: 3D model and clothing type parameters are input into an EdgeConv-
Encoder, creating a latent space. Multiple LSTMs decode a flattened, unwrapped sewing pattern.

¢ Input processing: The network accepts scans to transform these into an ICB model through the
offset values as input. This model represents the detailed topography of an individual’s body,
providing the essential foundation for custom garment creation.

o EdgeConv block encoder: The core of the network employs an encoder based on EdgeConv
blocks, a variant of convolutional neural networks designed to capture the geometric structure of
data efficiently. The encoder processes the 3D model, extracting relevant features and patterns
critical for garment fitting. A skip connection is employed from the input to the output of the last
EdgeConv layer, enhancing the network’s ability to preserve intricate details by directly
propagating information from the input to deeper layers in the architecture.

e LSTM for panel encodings: Following feature extraction, a Long Short-Term Memory (LSTM)
network processes the garment latent code. The LSTM, renowned for its effectiveness in
handling sequences, generates a sequence of latent vectors corresponding to the different
panels of the garment. This step encodes the temporal relationships between panels, ensuring
the garment is coherent and structurally sound, when assembled.

e Panel decoder for shape and stitching information recovery: Finally, a Panel Decoder
utilizes the sequence of latent vectors to recover the precise shape and stitching information of
each garment panel. This decoder is pivotal in translating the abstract representations back into
detailed, actionable sewing patterns, including the shape, size, and how each panel should be
stitched together.

This Al network architecture facilitates a seamless transition from 3D body scans to ready-to-use sewing
patterns, embodying a significant leap forward in automated, made to measure garment manufacturing.

3.3 Features and Functionality

The developed tool processes 3D scans to 3D Ideal Construction Bodies for automatic unwrapping into
2D patterns. The initial step involves generating 3D scans into 3D ICBs, which serve as the foundation
for a garment construction. Utilizing Al algorithms, the scans are processed to generate ICB
representations. These ICBs are based on the specific measurements of the individual, accounting for
variations in body shapes and proportions. Offset values, as per the corresponding Table 2, are then
applied at key points such as the bust, waist, and hips circumferences to accommodate different
garment layers, ensuring accurate and anatomically correct constructions.
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Once the Ideal Construction Body has been generated from the scan, the process transitions to
automatically unwrapping the 3D ICB mesh into 2D patterns with the least possible distortion. This
intricate process involves unwinding the 3D mesh representation into a flat, two-dimensional pattern,
effectively creating the basic pattern for the garment assembly. A user-friendly process, from importing
3D scans to customizing garment styles and sizes. One of the key highlights of the tool is its extensive
customization potential for different garment styles and individual adjustments. Users can effortlessly
construct garments to suit various style preferences, including close-fitting, regular fit, and loose-fitting
designs. In essence, the features and functionality of the garment design tool offer a comprehensive and
user-centric approach to garment construction, leveraging advanced technologies to streamline the
design process and enhance creative possibilities. From transforming 3D scans into 3D ICB meshes to
facilitating customization for different styles and sizes, the tool empowers users to realize their design
with a precision and efficiency.

4 Application and use cases

This section describes the comprehensive workflow designed to improve garment fitting through
advanced 3D scanning and machine learning technologies. The project basis is its ability to adapt
clothing design to everyone’s unique body shape, improving both comfort and style. The Blender tool
works through the sequential steps described below from the first scanning input of a person to the final
check of the garment fit.

Step 1: The process begins with a 3D scan of a person. This step involves capturing an accurate three-
dimensional representation of the person’s body, which serves as baseline data for the subsequent
process of customizing the garment.

Step 2: Once the 3D scan is completed, the next step is to select the garment type and configure
specific parameters, such as the desired fit layer (loose, regular or tight). This customization allows for a
personalized approach to garment creation that caters to the individual’s preferences and body shape.

Step 3: After setting the garment type and parameters, the system analyzes the 3D body scan, focusing
on the body surface area and relevant measurements. This analysis is critical to understand the unique
contours and dimensions of person’s body and serves as the basis for the garment’s design process.

Step 4: Based on the analysis from the previous step, the workflow generates an ICB model that
matches the selected garment parameters. This model acts as a virtual mannequin, ensuring that the
designed garment achieves the desired fit.

Step 5: The next step is to retrieve specific sewing data essential for creating the garment’s pattern.
These data include information about seams, seam allowances, and other essential details necessary for
accurate pattern creation.

Step 6: Using a pre-trained neural network, the system predicts the number and shape of different
pattern pieces required for the garment. This innovative approach allows the creation of precise,
individual, nearly distortion-free pattern for the previously created 3D model.

Step 7: Finally, the workflow checks the garment’s fit using 3D simulation. This simulation integrates the
scanned 3D model of the person with the newly generated patterns, providing a virtual changing room
experience. Any necessary fit adjustments are identified and corrected at this stage to ensure the final
garment meets the desired specifications.

5 Experiments

For evaluation, we started with a systematic investigation to assess the accuracy and effectiveness of
the developed tool in converting 3D scans into ICBs into bespoke garment patterns. The overall goal of
these experiments is to evaluate the accuracy of the Al-generated patterns compared to the manually
unwrapped patterns using a quantitative analysis approach. A program was developed specifically for
this experiment to facilitate this evaluation. The experiment assesses three key metrics: perimeter, area
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and HU moments. HU moments are statistical measures used to describe shapes and structures in
digital images. They are based on the calculation of higher-order moments of the distribution of pixel
intensities in the image and are used to quantify characteristic features such as symmetry. These
metrics are evaluated using a Python program and serve as objective measures for evaluating the
agreement and congruence between our Al patterns compared to the ground truth patterns based on the
following formula:

HA- HE
D(A,B) = i, (1)

6: Area: 6672.0 Perimeter: 588.8 Hu:

9: Area: 8914.5 Perimeter: 628.4 Hu:

6->9: Area: 7U.8% Perimeter: 93.7% Shape-Match: 0.59

7 -> 18

10

7: Area: 5385.5 Perimeter: 571.6 L [TH l.e42
10: Area: 5088.5 Perimeter: 566.3 Hu: 1.073
7->10: Area: 105.8% Perimeter: 100.9% Shape—Match: 1.17

8 ->11

11

8: Area: 5396.0 Perimeter: 573.9

11: Area: 5887.0 Perimeter: 566.1 L [TH 5
8->11: Area: 106.1% Perimeter: 101.U4% Shape—Match: 1.48
Area: (16.173106913928u6U, 7.197203570890131)

Perimeter: (2.11552003u6U73517, 2.22U471126661578)

Shape: (12.108075138592234, 22.3367913U47UUE86)

EXIT

Fig.4 Evaluation of generated Al patterns against ground truth counterparts to automatically assess the accuracy
of our experiments.

As shown in Figure 4, the differences of all 7 HU moments are calculated for each pattern piece, then
the difference between the two shapes is cumulated as an amount, and divided by the original HU
moment of the initial ground truth shape. All pattern pieces of the basic pattern are automatically
numbered by the program and assigned to each other by the user. The HU moments are calculated
independently of rotation and transformation and provide a measure of how closely the shapes match.
The Python program examines area, perimeter and HU moments per section and in total per section,
here called pattern number, as shown in Table 3:

Table 3. Experiment results for three selected pattern off-sets.

Basic pattern for 15t layer Basic pattern for 2" layer Basic pattern for 3™ layer
Accuracy Distance Accuracy Distance Accuracy Distance
Pattern Areain % Perimeter HU Pattern  Area Perimeter HU Pattern Area Perimeter HU
number in % moments number in % in % moments number in % in % moments
1 79.1 98.9 0.60 1 74.5 97.2 1.03 1 7.7 95.1 3.21
2 1194 99.6 67.61 2 74.3 96.1 1.05 2 88.9 99.2 1.25
3 113.0 100.0 24.27 3 86.5 98.8 2.66 3 79.6 934 0.40
4 86.0 98.7 0.57 4 91.2 96.9 1.16 4 98.0 99.9 0.65
5 75.0 94.5 0.59 5 80.2 91.8 0.66 5 97.9 97.8 0.46
6 74.8 93.7 0.59 6 68.8 94.4 0.55 6 98.3 99.6 0.68
7 105.8 100.9 1.17 7 84.0 99.3 3.15 7 76.7 94.5 0.80
8 106.1 101.4 1.48 8 75.8 97.4 5.16 8 95.6 98.5 0.82
total 83.8 97.9 88 total 77.7 96.4 1.9 total 89.1 97.3 1.03
+7.2 2.2 + 22 +7.2 +2.3 +1.5 +9.1 +2.4 + 0.85

In total, it shows the errors of Al patterns to the manually unwound patterns. A value of the distance from
the HU moments of 0.0 shows an identical pattern shape. It is noticeable that the wider the layer of the
pattern, the more accurate the pattern generated by the Al.
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6 Conclusion

The proposed work offers significant advances in garment manufacturing and personalization.
Integrating Al-driven pattern generation from 3D scans reduces the time to construct basic garments that
fit a person’s exact body shape. Our tool makes many steps in the fashion design more accessible,
enabling 3D artists of all experience levels to effortlessly create perfectly fitting garments for any layer. Al
can shorten the development time for creating a basic pattern for a new model, but it requires a high
level of experience and proper use, as well as the next step of physically producing the models for
further verification

This work simplifies the garment design process and allows designers and manufacturers easy access
to customized clothing production. The tool automates the translation of 3D body scans into sewing
patterns. This contribution streamlines the workflow from a conception to production and opens new
possibilities for personalized basic patterns at scale, making bespoke garments more accessible to a
broader audience. However, the tool has limitations: it is currently only capable of generating basic
patterns for garment types pre-trained into the system, which restricts the scope of design creativity.
While the process boasts remarkable speed, this reliance on predefined models limits the potential for
truly unique garment creation. Additionally, the import process for 3D scanned individuals is not fully
automated, introducing a manual step that can slow the workflow and potentially introduce errors. The
integration of Al technology into pattern construction is a significant step towards making the fashion
design more inclusive and accessible. In further research, pattern construction of pants, seam placement
options, and sleeves will also be included.

In conclusion, developing and implementing the Al-supported tool for transforming 3D scans into
customized patterns represents a significant advance in the digital clothing technology. The experiments
conducted have shown that the tool is capable of generating precise and accurate patterns that are
comparable to manually processed patterns. The quantitative analysis of the perimeter, area and HU
moment provides evidence-based results that confirm the tools reliability and effectiveness. Knowledge
gained from these experiments provides a solid basis for further optimization and adaptation of the tool
to further improve its performance and applicability in practice. Overall, this research project contributes
to the advancement of digital transformation in the apparel industry and paves the way for future
innovations in the digital apparel technology.

In addition to verifying the patterns by physically producing them, the aim of further investigations is also
to examine other patterns, such as multilayer garments and design model patterns. The current tool is
only used to generate basic patterns.
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