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Abstract—The digitalization of individual garment pattern
construction presents challenges in accurately obtaining body
measurements and constructing patterns tailored to specific
individuals. This paper addresses the technological and
conceptual aspects of transitioning from traditional, in-person
tailoring to remote, digital pattern creation. It explores the need
for algorithms that describe pattern construction operations in
a computationally executable manner and the reliance on self-
measurements by clients or their trusted individuals. The study
focuses on evaluating the reliability of self-measurements and
the potential errors introduced in the pattern construction
process. The paper proposes the use of regression analysis to
identify suspicious or erroneous measurement sets and assess
their impact on the resulting garment shape. The study
investigates the hypotheses regarding the identification of
incorrect measurements through regression analysis and the
application of publicly available artificial intelligence solutions.
The findings contribute to enhancing the precision and
reliability of digital individual garment pattern construction,
facilitating remote creation and production processes.

Index Terms—Quality control of graphical images, regression
testing, regression analysis

1. INTRODUCTION

HE digitalization of the individual garment pattern
construction process presents technological and concep-
tual challenges. It requires the identification of algorithms that
can describe the basic construction and modelling operations
of patterns in a computationally executable manner. Addition-
ally, significant changes need to be made to the garment pat-
tern creation process and the techniques employed. Unlike in
the widely used practice of pattern construction based on
standard body measurements in the garment industry, individ-
ual garment construction is tailored to each person's specific
body measurements. Traditionally, this process involves:
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(1) taking body measurements performed by a profes-

sional tailor,

(2) constructing individual patterns for specific garment

models,

(3) cutting the garment from fabric,

(4) fitting the garment through one or multiple iterations

(including adjustments),

(5) finalizing the garment.

This process has been employed in tailoring for centuries
but relies on close collaboration between the client and tailor,
requiring them to be present in the same space and time.

With the advancement of digital technologies and the
globalization of manufacturing, remote creation of individual
products becomes increasingly relevant. In the field of
garment sewing, this involves two aspects: (a) individual
(perfect fit) garment construction in a digital environment and
(b) individual garment production in specialized factories
based on digital patterns. By transitioning the described
process to a digital environment, pattern creation steps (Steps
1, 2, and 4) should be facilitated digitally, while the physical
garment manufacturing steps (Steps 3 and 5) can be
outsourced to service providers. The in-person meetings
between the client and seamstress no longer take place, and
the iterative refinement of the product is no longer possible.
As a result, there are heightened requirements for both input
data and precision in pattern construction.

The number of prepared patterns is enormous (over 175
different clothing models for more than 1000 clients), and
their inspection requires significant resources. Automated
pattern inspection is proposed, where the area and perimeter
of each pattern element are calculated, which are closely
related. In the research, the hypothesis is being confirmed that
the ratio of perimeter to area is "invariant". This allows,
firstly, to control the quality of newly entered data by utilizing
previously accumulated models and customer indicators.
Secondly, the ratio's numerical value can be used in
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regression testing to ensure that changes in programs do not
cause significant alterations in already accepted patterns.

This paper is structured as follows: problem statement
(Section 2), related research (Section 3), experimental design
and data set (Section 4), analysis of experiment (Section 5)
and conclusion (Section 6).

II. PROBLEM STATEMENT

One of the significant challenges is evaluating the reliabil-
ity of body measurements obtained in the digital environment
according to the specific needs of the pattern construction
method they use. In the digital environment, measurements
must either be determined automatically (e.g., from photo-
graphs or using 3D scanners) or rely on self-measurements by
the client (usually non-professionals). Automated body meas-
urement determination has been extensively studied, but un-
fortunately, the results are unreliable in practice. Various fac-
tors contribute to this, such as the quality of the photographs,
imprecise posing, the clothing worn during photography, lim-
itations of image recognition algorithms, restrictions on the
transmission of personal data, and others. This topic merits
separate publications and will not be further discussed here.

The focus of this study is on measurements taken by the
clients themselves or their trusted individuals. Several prob-
lems can be observed:

(1) different pattern construction methods require meas-
urements to be taken in various ways,
individuals without sewing experience may struggle
to measure the body accurately, resulting in measure-
ments that are too tight or loose, taken in incorrect
locations, and so on,
individuals cannot measure certain body dimensions
themselves, thus relying on assistance from others,
leading to stress and additional errors.

As a result, incorrect measurements (not corresponding to
the specific body) may be obtained, resulting in garments that
do not fit the individual, even if the pattern construction algo-
rithm is flawless.

If suspicious sets of measurements or measurement’s sets
likely to have resulted from erroneous actions could be
identified in an automated manner, it would be possible to
reduce the risk of producing non-fitting (mismatched)
patterns. One of the methods for identifying problematic
measurement sets could involve establishing mandatory
relationships between measurement definitions and the
activation of control mechanisms at the time of measurement
registration. Utilizing these relationships could filter out
blatant errors, such as an impossible scenario where a
woman's bust circumference is smaller than the under bust
circumference. However, this approach does not aid in
statistically identifying combinations of measurements that
are highly unlikely due to the significant variability in human
bodies. It is nearly impossible to find universal measurement
relationships based solely on experience.

@)
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POSITION PAPERS OF THE FEDCSIS. WARSAW, POLAND, 2023

In this study, measurement relationships were analyzed us-
ing regression analysis and the capabilities of artificial intel-
ligence on a collection of historically accumulated sets of
body measurements. The following hypotheses were tested:

(Q1) Incorrectly entered individual measurements can be
identified using regression analysis.

(Q2) Patterns constructed based on incorrectly entered
measurements resulting in unusual garment shapes can be
identified using regression analysis.

(Q3) Incorrectly entered individual measurements can be
identified using publicly available artificial intelligence solu-
tions.

III. RELATED RESEARCH

Accurate and reliable body measurement recognition is of
paramount importance in diverse fields such as fashion,
healthcare, ergonomics, and virtual reality. The ability to pre-
cisely capture and analyse body measurements plays a crucial
role in personalized product design, fit optimization, and user
experience enhancement. In recent years, significant advance-
ments have been made in the field of body measurement
recognition, leveraging cutting-edge technologies.

Traditional methods of obtaining body measurements often
rely on manual measurement techniques performed by trained
professionals. However, the advent of digital technologies has
paved the way for alternative approaches that can enhance
measurement accuracy, efficiency, and accessibility. Two
prominent technological domains that have significantly im-
pacted body measurement recognition are 3D scanning and
image recognition.

A. Research on Image Recognition

There are several papers providing insights into the state-
of-the-art techniques, algorithms, and challenges in the field
of body measurement recognition from images [1] is a survey
providing an overview of various techniques and approaches
used for human body measurement estimation from images.
[2] focuses on the application of image processing techniques
for human body measurement and virtual try-on of clothing;
it presents algorithms and methods for extracting body meas-
urements accurately from images and simulating the try-on
experience virtually.

[3] provides an overview of image processing techniques
used for automatic human body measurement. It discusses
various image analysis methods, feature extraction algo-
rithms, and measurement estimation techniques employed in
this field.

[4] explores the application of deep learning techniques for
estimating human body measurements from images. It dis-
cusses the use of convolutional neural networks (CNNs) and
other deep learning architectures to achieve accurate and ro-
bust measurement estimation.

[5] paper focuses on body measurement extraction and
analysis techniques for apparel online retailing. It discusses
the use of computer vision and image processing algorithms
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to extract accurate body measurements from customer images
and analyse them for personalized clothing recommendations.

B. Anthropometry and 3D Scanning

Anthropometry, the measurement of human body dimen-
sions, plays a crucial role in diverse fields such as ergonom-
ics, clothing design, healthcare, and biometrics. With ad-
vancements in technology, 3D body scanning has emerged as
a powerful tool for capturing precise body measurements, of-
fering a more comprehensive and accurate alternative to tra-
ditional measurement techniques. The "IEEE IC 3DBP" da-
taset [6] provides researchers with a valuable resource for
comparative analysis and benchmarking of different anthro-
pometric methods in 3D body scanning.

[7] is a study focusing on comparing different anthropo-
metric measurement techniques based on 3D body scanning
and [8], [9] explores the development of a population-specific
anthropometric model based on 3D body scanning data. The
findings highlight the importance of considering population-
specific variations in anthropometric analysis for applications
such as clothing design, ergonomics, and product develop-
ment.

[10] investigates the application of machine learning algo-
rithms in anthropometric analysis using 3D body scans. The
research explores the use of machine learning models for au-
tomated feature extraction, body segmentation, and prediction
of anthropometric measurements. The findings demonstrate
the potential of machine learning techniques in improving the
efficiency and accuracy of anthropometric analysis in large-
scale datasets.

[11], [12], [13] - conduct a comparative analysis of differ-
ent 3D body scanning technologies and sensor technologies”.
The study evaluates the performance, resolution, and accu-
racy of various scanning techniques, such as structured light
scanning, laser scanning, and depth sensing.

[14], [15] aims to validate the accuracy and reliability of
3D body scanning measurements by comparing them with tra-
ditional anthropometric methods. The research investigates
the agreement between measurements obtained from 3D body
scans and manual measurements using clippers and tape
measures. The findings contribute to establishing the validity
and practicality of 3D body scanning as a reliable measure-
ment technique.

IV. EXPERIMENTAL DESIGN AND DATA SET

Within the project, more than 175 clothing pattern models
have been developed. To ensure the precise fit of the intended
clothing model for the customer, appropriate measurements
of the customer's body are necessary. A total of 53 different
body measurements (part of them see Table 1) have been
identified for the developed clothing models, which enable
the preparation of various clothing patterns (pants, skirts,
jackets, dresses, coats, tops, etc.).

Table 1.
List of used measurements

Code Name
Ag Body height
Gkra Main bust circumference
Gal Hip circumference
Ga2 Hip-thigh circumference
Csa Thigh circumference
Pca Under knee circumference
PlsIL Shoulder slope Right
Clg Knee level
PlsIKr Shoulder slope Left
Bg Length of trousers and maxi skirt
GdS Hip diameter — side view
PrB Trousers and skirt balance - Front
GdPr Hip diameter — front view
MB Trousers and skirt balance - Back
Ka Neck circumference
Cstl Groin arc
Etc. 53 in total

Each specific clothing model requires a certain set of meas-
urements. For example, pants do not require measurements
such as bust or neck circumference, but they do require hip
and thigh measurements, among others. Not all 53 measure-
ments are necessary for every clothing item. Each clothing
pattern consists of multiple pieces.

Fig. 1. Pieces of the Misses' and Women's Tops pattern

Within the scope of the study, the Misses' and Women's
Tops clothing pattern was chosen, which consists of 8 pieces
(see Figure 1) and utilizes 25 measurements: Ag, Gkra, PIsIL,
PIsIKr, Ka, Plg, Trg, Pln, Ral, Papla, Zkra, Va, Mg, Mpl,
Prpl, Krg, Prgl, Krau, Zkrl, Gal, Ga2, Sa, Elk, Pg, Ra2.
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To ensure the accuracy of clothing fit or identify potential
discrepancies, a comprehensive set of 274 customer measure-
ments was used. In the following two tables (see Table 2), an
example of measurements for 7 different customers is pro-
vided. The measurement GID is not included in the tables as
it was not indicated for the sample customers and was not
used in the data analysis of the study.

Table 1.

Example 1: Measurements of seven users (1)

Aig | Airi | Bran | DAN | FT_Oli | DIN | FT_
a ta di A via A DJ
Ag 174 | 173 | 150 170 | 175 164 | 164
Ap
mE 139 | 140 113 117
Ap 102
mS 127 | 133 107 .5
104 | 103 | 914 102
Bg .5 .5 4 103 | 99.6 .5 104

The empty cells in Table 2 indicate that a specific measure-
ment is not assigned to a particular customer.

To evaluate the accuracy or discrepancies in the patterns,
the article suggests comparing customer measurements with
two pattern parameters: the length of the pattern contour
line (perimeter) and the area in pixels. An example of calcu-
lating the line length and area is shown in the following figure
(Fig. 2)

Fig. 2. Example of perimeter and area calculation

In the image (Fig. 2), two examples of pattern components
are visible. The black component has an area of 9 pixels and
a perimeter of 12 pixels, while the green component has an
area of 7 pixels and a perimeter of 16 pixels. Using the afore-
mentioned algorithm for calculating the area and perimeter of
pattern components, the area and perimeter were calculated
for the eight components of the mentioned pattern for a total
of 274 customers in the study. Table 4 provides the calculated
areas and perimeters in pixels for the eight pattern compo-
nents for three selected customers.
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Table 2.

Area and perimeter in pixels of the pattern pieces

Cus

to Pie | Pie | Pie | Pie | Pie | Pi | Pi | Pi
me ce |ce |ce |ce |ce |ec |ec |ec
r 1 2 3 4 5 e6 | e7 | e8

11 |13 (17 |10 | 29
Are |29 |92 |81 (65 |34 |80 |21 |15
Aig | a 87 |45 |63 |09 |8 |57 |8 |14
a (px) | 4 7 1 8 5 99 | 69 | 24
Per
ime | 17
ter |63 |59 |74 |55 (84 |41 |31 |22
(px) | O 06 |68 |16 |30 |80 |72 | 68
11 |14 |17 |10 | 28
Are |56 |97 |00 |54 |38 |82 |20 |15
Airi | a 99 |73 |16 |94 [ 37 |15 |87 |50
ta (px) | 1 2 p 1 3 24 | 35 | 45
Per
ime | 17
ter |62 |60 |71 |54 (84 |42 |30 |23
(px) | 8 36 ({32 |22 |02 |46 |58 |24
13 20
Are | 73 |92 |44 |78 |38 |71 |19 | 15
Bra | a 81 |91 |57 |46 |08 |41 |43 | 80

ndi | (px) |10 |29 |4 75 |7 23 194 | 19
Per
ime | 15

ter |41 |49 |65 |46 |74 |38 |28 |23
(px) | 8 62 |96 |48 |46 |24 |82 |12

V.ANALYSIS

A. Regression Analysis of Pattern Data

The examined dataset includes multiple measurements,
some of which are correlated with each other. It is evident that
the lengths of a person's right and left arms or legs are corre-
lated. This provides an opportunity to calculate potential cor-
relations and identify outliers from the available data. The da-
taset consists of measurements for 274 individuals, but all
measurements are available for 100 individuals.

Correlation analysis was performed for these individuals,
and Pearson correlation was calculated for each pair of meas-
urements. The correlation was above 0.9 for 55 pairs of meas-
urements. Scatterplots were created for these pairs, showing
both the mutual dependencies of the measurements and spe-
cific outliers.

For example, in Fig. 1, there is a strong correlation between
parameters Csa and Pca, but there is an outlier with
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coordinates (61, 49). In Fig. 2, it can be observed that there is
a pronounced correlation between Gal and Ga2, but there is
an outlier with coordinates (88.5, 70). Such outliers serve as
a serious warning that there may be errors in the entered data.
Though it cannot be stated with absolute certainty, it can serve
as a basis for the system to verify the entered data during data
entry to ensure their accuracy.

For each piece, the Pearson correlation was calculated be-
tween the piece’s area and its perimeter. Although the area
should ideally be quadratically dependent on the linear di-
mensions of the piece, all pieces of the examined model
showed a high level of linear correlation between the area and
perimeter of the piece. This was most pronounced for piece 5
(Fig. 5). On the other hand, scatterplot for Piece 3 Perimeter
vs Area (Fig. 6) demonstrates some nonlinearity. When ex-
amining the scatterplot of each piece, where one dimension
represents the piece’s area and the other dimension represents
the piece’s perimeter, outliers were discovered in several
measurements of pieces (piece 1, piece 4) (Fig. 7, Fig. 8). The
outlier for piece 1 with coordinates (5002, 678011) belongs to
the same individual who had a suspicious ratio of measure-
ments Gal and Ga2. It is possible that the atypical measure-
ments resulted in the creation of a piece with an atypical
shape. On the other hand, the outlier of piece 4 with coordi-
nates (10270, 2703263) belongs to piece for different individ-
ual (MF-Laura S), that could show the problem with gener-
ated piece.
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B. Analysis of Data Using ChatGPT

In recent times, there has been significant interest in utiliz-
ing artificial intelligence for identifying and analyzing vari-
ous characteristic patterns. In our research, we also opted to
employ artificial intelligence to analyze our data. This ap-
proach could allow us to gain a broader and more in-depth
insight into the data structure and uncover potential correla-
tions and characteristic trends that could be relevant to our
research domain. For our study, we employed the freely avail-
able ChatGPT [16] tool provided by OpenAlI [17]. Our objec-
tive was to analyze a dataset of human body measurements.
However, the tool did not identify any outliers. Instead, it
highlighted specific values that deviated from the overall da-
taset.

For example:

“Prof 1”: The body height of 164cm was relatively high
compared to majority of the dataset, which primarily ranged
between 156cm and 173.5cm.

“Prof 2”: The bust volume of 38 stood out as notably higher
than the other values, which ranged between 31 and 36.7.
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It's important to note that the tool did not provide a more
comprehensive analysis of the dataset.

To improve results and enhance analysis, datasets for
ChatGPT should be preformatted to provide additional con-
text. Even when explicitly entering incorrect values, such as
a height of 264cm, the tool only recognized the issue after
performing a specific task to validate all body heights. After
multiple iterations and attempts, we settled on the following
prompt: "Analyze the quality of human body measurement
data for sewing, identifying unusual values. The dataset con-
tains measurements in centimeters, with column headers on
the first line." However, it should be noted that the tool
yielded different results with each run.

To utilize ChatGPT for data analysis, we would need to
collect additional personal characteristic data such as weight,
gender, geographic affiliation, and other data, which are cur-
rently unavailable to us.

VL CONCLUSION

A method is proposed for automated quality control of in-
dividually tailored garment patterns. The essence of the ap-
proach is as follows: first, the designers create clothing mod-
els and present them to clients. From the various models, the
client chooses the most suitable one and places an order for
its production. This, in turn, requires the client to provide their
body measurements, which can be significant in number, even
up to 53. The designer then programs a pattern generation al-
gorithm that considers the client's measurements and is capa-
ble to generate high-quality garment patterns. Individual gar-
ments are then sewn from these patterns, providing the client
with a more suitable fit compared to mass-produced options.

Unfortunately, the number of prepared patterns is enor-
mous (over 175 different clothing models for more than 1000
clients), and their inspection requires significant resources.
Automated pattern inspection is proposed, where the area and
perimeter of each pattern element are calculated, which are
closely related (high correlation coefficient). If the correlation
coefficient is below a critical threshold, individual pattern in-
spection is required. This method can also detect inaccuracies
in the input of client measurements.
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