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Abstract:

This study proposes a novel drape test method for fully formed knitted flared skirts, specifically tailored to account for
the three-dimensional (3D) morphology of the human body. The objective is to accurately assess the drape char-
acteristics of such skirts by developing a comprehensive testing approach. First, a 3D human body model in multiple
postures was created using 3ds-Max modeling software and then printed with a 3D printer to serve as a customized
test stand. The design and knitting principles for the fully formed flared skirt were examined, and samples were
produced using a Shima Seiki four-needle bed computerized flat knitting machine. After fitting the skirt samples onto
the 3D-printed human model, drape characteristics were measured with a YG811 drape tester. Using 18 sample
Skirts, the drape data were analyzed with SPSS26.0 software, revealing that the 3D-printed human model method
allows for precise measurement of the drape in fully formed knitted fabrics. This approach offers a more realistic and
accurate assessment of drapes, contributing valuable insights for textile design and evaluation in knitted garment

production.
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1. Introduction

In recent years, knitted products have evolved to become more
diversified, fashionable, and personalized. At the same time,
knitting technology is also constantly innovating, shifting from
traditional forming technology to full forming technology [1].
Fully formed technology is realized with the help of a four-
needle bed computerized flat knitting machine, which allows
knitted garments to be knitted in a three-dimensional (3D)
manner to form a fully formed 3D knitted fabric that can be
worn directly after being removed from the machine, eliminating
the need for time-consuming and expensive looping processes.
It has changed the production model of knitted products.

The drape performance of fabrics has a significant impact on
the overall styling effect of clothing [2]. Therefore, it is particu-
larly necessary to reflect the drape performance of fabrics in an
objective manner. The traditional drape test method shown in
Figure 1 assesses drape in two dimensions, providing limited
insight into 3D drape behavior, particularly for knitted fabrics
designed in complex 3D forms. This method evaluates fabric
performance when subjected to gravity, yet does not account
for the intricate interactions and shape retention seen in fully
formed knitted garments. There is a pressing need for a drape
test method that can capture the true 3D drape characteristics
of these fabrics. Our method directly obtains the 3D drape
shape of the fabric, making it more consistent with the actual
drape of curtains, clothing, and other fabrics. Objectively
reflecting the draped form of clothing helps designers better
interpret clothing styles.

Many scholars have tested and simulated the drape of woven
fabrics. Sheng and Qi [3] used fabric structure and mechanical
performance parameters to predict fabric drape morphology
and simulated and reconstructed fabric drape morphology
using fabric drape performance indicators. Feng et al. [4]
experimentally measured the drape coefficient of real fabrics
and used statistical analysis methods such as mean compar-
ison, correlation analysis, and multiple regression analysis to
create a regression model based on the drape coefficient of 3D
virtual fabrics. They found that the physical parameters of the
virtual fabric, such as bending strength and fabric density, have
the greatest impact on the fabric drape. Du and Zhang [5] used
Autodesk Maya to conduct drape testing on virtual fabrics and
screened six indicators that have a significant impact on drape.
Through regression analysis, they obtained the regression
equation between the virtual fabric drape and six indicators
and the influence of the main indicators on the virtual fabric
drape coefficient. Hussain et al. [6] installed multiple depth
cameras to reconstruct a 3D drape model and used the 3D
drape model to predict the fabric feel. The objective ranking
of fabrics obtained based on principal component analysis
(PCA) of drape indicators was compared with the subjective
ranking of fabric feel, verifying that fabric drape can be used
as an objective alternative to fabric feel. Ju and Choi [7] intro-
duced a neural network-based learning approach to derive
cloth simulation parameters from the target fabric’s static
drape shape. To illustrate the practicality of this approach,
the estimated parameters from the trained neural network
were applied to replicate the fabric’s draped appearance.
Kim et al. [8] used a variety of fabrics through cluster analysis
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Figure 1. Traditional drape test.

to create a system that divides fabrics into eight groups
according to drape and establishes a model. Users can pre-
dict their groups based on the mechanical properties of the
fabric. Kim and Lee [9] examined 30 silk fabrics commonly
used in traditional Korean clothing, Hanbok, to compare the
physical characteristics of natural versus virtual fabrics. They
measured the KES-FB properties, CLO fabric properties, and
drape of the silk fabrics. Then, they conducted a correlation
analysis to explore how the physical properties of both natural
and virtual fabrics impact draping behavior. Shin and Yun [10]
analyzed fabric drape characteristics by dividing the fabric into
one, two, and three dimensions to obtain detailed drape shape
information, enhancing the accuracy of measurements for
fabrics with diverse properties. Following a correlation ana-
lysis, each dimensional factor for evaluating drape was com-
pared to conventional drape coefficients. Buyukaslan et al.
[11] selected five fabric types to compare the drape of real
and virtual fabrics across three factors: drape area, node
count, and pleat shape. Kenkare et al. [12] put a skirt on a
human body model for scanning, calculated the sag of the
scanned image through image processing, and simulated it
using 3D virtual clothing-making software. The similarity of
real and virtual skirt pleats is evaluated by comparing the skirt
volume and the number of nodes at the skirt’'s lower edge.
However, these approaches mainly address woven fabrics,
leaving a gap in effective drape testing methods for fully
formed knitted fabrics, which exhibit distinct 3D structures
and performance characteristics.

3D printing technology has opened new opportunities for inno-
vation in the textile industry, impacting not only materials but
also design and manufacturing processes [13]. More and more
fashion designers are using 3D printing technology to express
their ideas and complete their designs, such as printing human
models, fashionable clothes, and smart clothing. Sun and Valtas
[14] examined the potential of incorporating 3D-printed partial gar-
ment components into commercial clothing production. They ana-
lyzed the cost and time of producing 3D-printed parts at the
sample stage and presented an example of garment construction
techniques. Their process and analysis showed the feasibility
of specific 3D-printed garments. Sun and Zhao [15] conducted
a comprehensive literature review, identifying key themes to
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develop a conceptual model illustrating connections among fac-
tors impacting 3D printing integration and examining potential
impacts and challenges in the fashion industry. Wu et al. [16]
reviewed advancements in 3D printing for traditional and intelli-
gent clothing, emphasizing two well-established 3D printing tech-
nologies widely applied in fashion, and discussed the challenges
and future outlook for 3D printing in intelligent apparel. They
concluded by predicting that new material innovations will open
further opportunities for developing 3D-printed clothing.

Spahiu et al. [17] employed a 3D printer to produce a model
based on a scanned individual, enabling a comprehensive eva-
luation of clothing fit across various formats, including virtual
body models and precise physical replicas. The study com-
pared garment fit among actual garments, virtual models, and
scaled 3D-printed versions, thereby validating the utility of 3D
printing technology within the apparel industry. Subsequent
research by Spahiu et al. [18,19] further explored the applica-
tion of 3D printing technology in fashion design by creating
skirts with diverse geometric structures and conducting an
online survey to gauge consumer acceptance of 3D-printed
clothing. The results indicated a favorable reception, with most
respondents expressing a willingness to wear garments produced
through 3D printing. Oh and Suh [20] illustrated the practicality
of using scan data for mass customization, creating customized
3D-printed human models for garment fitting.

To address the limitations of existing drape testing methods,
this study proposes a new 3D drape testing approach specifi-
cally designed for fully formed knitted garments, leveraging 3D-
printed human body models in various postures. This method is
intended to provide a more accurate reflection of the drape
behavior and structure of fully formed knitted fabrics, ultimately
aiding designers and manufacturers in developing high-quality,
structurally complex garments.

2. Description of the proposed approach

This article combines the feasibility of 3D-printed human body
models with the characteristics of fully formed knitted fabrics to
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Figure 2. Technical roadmap for drape test of fully formed 3D knitted fabric.

create 3D knitted fabrics. It proposes a drape testing method for
fully formed 3D knitted fabrics based on 3D printing human
posture. Figure 2 shows the pipeline of testing the fully formed
3D knitted fabric drape. The pipeline has the following three
parts: the physical module, the basic module, and the imple-
mentation module. The physical module is the preliminary pre-
paration stage for the drape test, which mainly has two parts:
one part is to establish the drape test base, that is, according to
the standard human body size table, create human body
models in different postures by 3ds-Max, and transfer the
human body model files to a 3D printer for the final printing.
The other part is the knitted drape test sample. The style and
craftsmanship of the knitted sample are designed according to
the style requirements, and the four-needle bed computerized
flat knitting machine is used to knit the sample. The basic mod-
ules are a test base for the 3D-printed human body model and a
fully formed knitted flared skirt sample knitted on a four-needle
bed computerized flat knitting machine. It is worth noting that
the sample size must match the mannequin’s specifications.
For example, the standard mannequin corresponds to the stan-
dard flared skirt size, not the size for thin or fat body types. The
implementation module includes four parts. The first is to match
the test base and the test sample, that is, try on the matching
knitted flared skirt on the human model test base; second, we
place the human model wearing the knitted flared skirt on the
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debugged YG811 type drape style tester; third, we test the
drape of the 3D fabric and obtain a variety of drape character-
ization indicators; finally, the SPSS software is used to analyze
the drape characterization of the fully formed knitted flare skirt.

2.1. 3D printing human body models in different postures

According to the Chinese national standard GB/T 10000-2023,
the standard human body model of 160/84A is used as the
initial model. We used 3ds-Max software to build a standard
human model that meets the requirements of 160 cm height
and 84 cm chest circumference and optimizes the topological
structure of the model to meet the needs of subsequent posture
adjustment. After modeling, the model is exported to STL
format to ensure its broad compatibility. In terms of posture
set, the standing posture is achieved by naturally aligning the
limbs and joints, and the skeleton binding of the walking posture
is performed using inverse kinematics to achieve the natural
joint movement of the upper and lower limbs. These postures
are configured through a standardized skeleton system to
ensure the repeatability and consistency of the postures in sub-
sequent applications. We create a 3D human body model in
3ds-Max and select two common human postures that signifi-
cantly impact the drape of lower body clothing to build the
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Table 1. Actual standard human body and 3D human body model
measurements

Measurements Actual 3D human
standard body model
human body
Chest circumference 84 21
Shoulder 38 9.5
circumference
Hip circumference 88 22
Waist circumference 68 17
Front waist length 41 10.2
Back waist length 38 9.5
Bust height 24 6
Distance between 18 4.5
breasts

model, namely normal standing posture and walking posture.
Standing and walking are the most common and natural pos-
tures of the human body in daily life, which can more accurately

simulate the actual use of clothing, thereby providing more reli-
able drape test results. We use 3ds-Max to scale down the
human body model size by four times. Table 1 shows the stan-
dard human body size and the reduced human body model
size. The specific reduced human body model is shown in
Figure 3, where Figure 3(a) presents Posture 1 (standing pos-
ture) from different viewing angles and Figure 3(b) presents
Posture 2 (walking posture) from various angles. The upper
part of the body is cut off to facilitate the camera to capture
the drape photo of the fully formed knitted fabric from above.

In this step, we output the human body model in STL format and
use a 3D printer (iISLA1100 3D printer) to print the model. The
3D printer used in our experiments is shown in Figure 4(a). The
printer uses a UV laser and a liquid UV-curing photopolymer
(photosensitive resin) to print parts. The laser beam is con-
trolled to scan the resin liquid surface so that the resin liquid
surface solidifies to form a scanned cross-sectional film of the
part. After curing one layer, the printer covers it with another
layer of liquid resin and continues scanning to solidify this new
layer and combine it with the cross-section of the previously
cured part. This process repeats, growing layer by layer,
thereby printing a 3D human body model. The printed human
body model is shown in Figure 4(b) and (c).

(b)

Figure 3. Human body modeling in different postures. (a) Pose 1. (b) Pose 2.

(b) (c)

Figure 4. 3D-printed human body model. (a) iISLA1100 3D printer, (b) pose 1 model, and (c) pose 2 model.
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Figure 5. Pattern figure. (a) Front pattern. (b) Back pattern.

2.2. Fully formed knitted flared skirts design and knitting

2.2.1. Technological design

Due to its loose hem and larger fabric area, a skirt can intuitively
express the drape of the fabric. The natural pleats and drape
formed by a wide skirt under the influence of gravity can vividly
show the fabric’s softness, stiffness, and drape effect and
provide an ideal visual and tactile experience for evaluating
the drape of the fabric. Therefore, we use knitted skirts in our
drape test experiments. The knitted fully shaped flared skirt is
designed according to the dimensions of the 3D human body
model. Here, we use short and long multi-piece flared skirts.
The flared skirt template is shown in Figure 5, where Figure 5(a)
presents the front pattern and Figure 5(b) presents the back
pattern. Both the front and back are four-piece flared skirts. The
specific dimensions of the flared skirt are shown in Table 2. The
sample template was drawn using Shima Seiki Apparel Design
Software, and the four-needle bed MACH2XS-8-needle com-
puterized flat knitting machine was used to knit the knitted
flared skirt. The knitting raw materials used in this experiment:
purple yarn is a blend of 32% cashmere and 68% cotton, 13/2
Nm yarn; green yarn is a blend of 22% cashmere and 78%
cotton, 13/2 Nm of yarn.

Before knitting a flared skirt on a four-needle bed computerized
flat machine, it is necessary to obtain a yarn sample through
yarn measurement. After washing and drying the yarn sample,
the main structure of this type of fabric is obtained: the course
density is four stitches/cm, and the wale density is five stitches/
cm. Through actual knitting, the knitted structure of this sample
was determined. As shown in Figure 5, the waist is a rib struc-
ture; the hem adopts a forward and reverse stitch structure that
is not easy to curl; the main body part is a plain stitch structure/

Table 2. Flared skirts’ size chart

(b)

with different proportions of cable flowers. Process calculations
are performed based on the flared skirt pattern, and then, the
garment pattern is converted into a fully formed knitting pro-
cess. The formula is as follows:

U=cxdp, (1)
V=wxd, (2)

where U is the total number of technical needles in the vertical
row; c is the width of the pattern, in centimeters; d, is the course
density of the fabric, that is, the number of technical needles in
the vertical row, in centimeters; V is the total number of tech-
nical stitches in the horizontal row; w is the height of the pattern,
in centimeters; and d, is the wale density of the fabric, that is,
the number of technical stitches in the horizontal row, in
centimeters.

2.3. Forming principle of fully formed knitted fabrics

Fully formed knitted garments are knitted in a 3D form, where a
complete knitted garment is knitted at one time on a computer-
ized flat knitting machine [21,22]. It can be worn without
stitching after getting off the machine, effectively reducing the
need for cutting, sewing, etc., and thus saving costs and
improving production efficiency.

Fully formed knitted garments are knitted as a whole piece on a
computerized flat knitting machine, and some special knitting
techniques are required during the knitting process to complete
the entire knitting process [23]. For example, loop transfer tech-
nology transfers loops from one needle bed to another during
the knitting process to achieve knitting with certain specific
functions. Unlike the two-needle bed computerized flat knitting

Style/category Waist width Waist height Skirt length Hem height Hem width
Short flared skirt 13 0.5 55 0.6 36
Long flared skirt 15 0.8 9.5 1.0 42

Unit: cm.
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machine, which only has the following two parts: the front
needle bed and the back needle bed. The front needle bed of
the four-needle bed MACH2XS-8-needle computerized flat
knitting machine includes the front upper needle bed (FU)
and the front lower needle bed (FD). The back needle bed
also includes the following two parts: the back upper needle
bed (BU) and the back lower needle bed (BD). The upper
needle bed of the front and back needle beds can be used to
form reverse stitches or assist the lower needle bed in transfer-
ring stitches, etc. Therefore, the four-needle bed can efficiently
knit more knitted fabrics of different styles and structures [24].
This knitting experiment uses a four-needle bed MACH2XS-8-
needle computerized flat knitting machine to knit a flared skirt.
The computerized flat knitting machine has a total of three
knitting operating systems. S1 and S3 are transfer-specific
systems, and S2 is a knitting-specific system; the system
sequence used is different when the machine head runs from
different directions.

The knitted flared skirt is knitted using a cylinder knitting
method. Both the front and back pieces of the flared skirt are
knitted with plain stitches on the lower needle bed and purl
stitches on the upper needle bed. According to the design

requirements of the knitted flared skirt, the necessary knitting
structures include plain stitch, purl stitch, cable stitch, and rib
stitch.

The positive and negative stitch structure refers to the structure
of knitting one row/multiple rows of front knitting and one row/
multiple rows of back knitting in the course direction [25]. When
knitting the front and back knitting structures of the knitted
flared skirt, the S2 knitting system is used. The lower needle
bed of the system knits plain stitches, and the upper needle bed
is used to knit purl stitches. This organization does not use a
transfer stitch system. The specific knitting steps are shown in
Figure 6. The first step is to knit the back body using the S2
knitting system to perform normal knitting on the back needle
bed (BD); the second step is to knit the front body using the
S2 knitting system on the front lower needle bed (FD) to perform
normal knitting forward stitch; the third step is to knit the back
body using the S2 knitting system to perform normal knitting back
stitch on the back upper needle bed (BU); the fourth step is to knit
the front body using the S2 knitting system to perform normal
knitting and purl stitching on the front upper needle bed (FU); this
process forms plain and purl stitches structure with one row of
plain stitches and one row of purl stitches.

Stepl
BU | | l I
BD ‘ Sa o FU—, % BU
o TTTTTTTTITTT N
FU
Step2
BU
BD J-J-J-J-J-J-J-!LJ-J-J-J- FU=" o= BU
¥D FD BD
FU l | I | |
Step3
BU
BD
FD
FU
Step4
BU
BD
FD
FU

Figure 6. Plain and purl stitches knitting process.
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Figure 7. Double-layer plain stitch.

2.3.1. Circular knitting-double layer plain stitch

The double-layer plain stitch is also called a cylindrical organi-
zational structure, also known as a bag-shaped fabric [26]. The
knitting process of the double-layer plain stitch is shown in
Figure 7. The front loops of the single-sided plain stitch are
knitted in turn along the front and back needle beds of the flat
knitting machine to form a double-layer plain stitch structure. In
this study, circular knitting was used to knit the experimental
samples.

2.3.2. Cable stitch

The cable stitch is based on a plain stitch structure, forming a
longitudinally twisted pattern on the front of the fabric by
exchanging the positions of the loops from left to right or right
to left. It can also be called “twisted rope” or “twisted” fabric [27].
This experiment uses 2 x 1 cable knitting as an example to
illustrate the knitting steps. The specific procedure for knitting
cable knitting on a computerized flat knitting machine is shown
in Figure 8. The steps for knitting cables on the predecessor
can be obtained through several steps as shown in Figure 8(a)
of the predecessor knitting cable. In the first step, the S1
transfer system is used to transfer the front needle of the front
body from the front lower needle bed (FD) to the back upper
needle bed (BU); in the second step, the S2 knitting system is
used to knit on the front lower needle bed (FD) and the back
upper needle bed (BU); in the third step, the back needle bed
(BU) shakes the bed two needle positions to the left; in the
fourth step, the S3 transfer system is used to transfer a yarn
loop of the front needle from the back upper needle bed (BU) to
the front lower needle bed (FD); in the fifth step, the back
needle bed shakes the bed three needles to the right position;
in the sixth step, use the S3 transfer system to transfer the two
yarn loops of the front stitch from the back upper needle bed
(BU) to the front lower needle bed (FD). In the seventh step, the
back needle bed shakes one needle position to the left, and
the S2 knitting system in the back performs normal knitting on
the lower and front upper needle beds, that is, complete the 2 x 1
cable knitting of the front body.

From Figure 8(b) of the cable knitting on the back body, we can
see the steps for knitting the cable knitting on the back body.
The first step is to use the S1 transfer system to transfer the
positive stitches of the back body from the back lower needle
bed (BD) to the front upper needle bed (FU); in the second step,
the S2 knitting system is used to knit on the back lower needle
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bed (BD) and the front upper needle bed (FU); the third step
is to use the back needle bed to shake the two needle positions
to the right; the fourth step is to use the S3 transfer system
to transfer a yarn loop of the positive stitch from the front
upper needle bed (FU) to the back lower needle bed (BD);
the fifth step is to use the back needle bed to rock the three
needle positions to the left; the sixth step is to use the S3
transfer system to transfer the two yarn loops of the positive
stitch from the front upper needle bed (FU) to the back lower
needle bed (BD); the seventh step is to use the back needle
bed to move one needle position to the right, and the S2 knitting
system performs normal knitting on the front lower needle bed
(FD) and the back upper needle bed (BU), that is, the back body
2 x 1 cable knitting is completed.

2.3.3. Rib stitch

Rib stitch is the basic structure in double-sided knitted fabrics. It
is composed of weft plain knitted front and back wales at certain
intervals [28]. This experiment uses the 2 x 2 rib structure as an
example to discuss the knitting process of the rib-knitted struc-
ture. The specific knitting steps are shown in Figure 9. It can be
concluded from the front body knitting rib Figure 9(a) that when
knitting the front body, the S1 transfer system is first used to
transfer the purl stitch of the front body from the front lower
needle bed (FD) to the back upper needle bed (BU); next,
use the S2 knitting system to knit the loops on the front lower
needle bed (FD) and the back upper needle bed (BU); again,
use the S3 transfer system to transfer the purl-stitched yarn
loop from the back upper needle bed (BU) to the front lower
needle bed (FD) and finally use the S2 knitting system to knit
the loops on the front lower needle bed (FD) and the back upper
needle bed (BU) to complete this rib structure knitting. While the
front body is being knitted, the back body is also being knitted. It
can be seen from Figure 9(b) of knitting ribs on the back body
that when knitting ribs on the back body, first use the S1
transfer system to transfer the purl stitches of the back body
from the back lower needle bed (BD) to the front upper needle
bed (FU); next, the S2 knitting system performs normal knitting
on the back lower needle bed (BD) and the front upper needle
bed (FU); the S3 transfer system is used again to transfer the
purl yarn loop from the front upper needle bed (FU) to the back
lower needle bed (BD); finally, use the S2 knitting system to knit
normally on the back lower needle bed (BD) and the front upper
needle bed (FU), that is, to complete the rib knitting of the back
body of the knitted flared skirt.
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Figure 8. 2 x 1 cable stitch knitting process. (a) Front body knitting steps. (b) Back body knitting steps.

Through the above various knitting procedures, a seamless
fully formed flared skirt will be formed, which can be worn
without stitching after taking off the machine. In Figure 10, dif-
ferent styles of seamless flared skirts and 3D flared skirts after
trying on are shown.

2.4. Drape test of fully formed knitted flared skirts

This experimental style uses four styles of flared skirts: short
flat-knit flared skirts, short cable-knit flared skirts, long flat-knit
flared skirts, and long cable-knit flared skirts. The raw materials
are knitted with two different yarns. The two yarns used are a
32% cashmere and 68% cotton blend (13/2 Nm purple yarn)
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and a 22% cashmere and 78% cotton blend (13/2 Nm green
yarn). In this experiment, a total of 18 knitted skirt samples were
knitted for drape testing to verify the feasibility of the method.

The traditional drape test based on the umbrella projection
method uses disks of different sizes as the base and evenly
lays the fabric on the disk for drape testing [29]. The test object
of this method is fabric and cannot be used for forming fabrics.
Therefore, in this experiment, a fully formed knitted fabric drape
test method based on the 3D human body shape was proposed
based on the tubular shape of the fully formed knitted sample.
Figure 11 shows the drape test steps of fully formed knitted
fabrics. This method first uses the 3D-printed human body
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Figure 9. Rib stitch knitting process. (a) Front body knitting steps. (b) Back body knitting steps.

model as the test platform, then puts the fully formed knitted
fabric on the human model, and finally, puts the model wearing
the fully formed knitted skirt. Place it in the YG811 fabric drape
tester and close the test door to perform the drape test.

3. Results and discussion

Based on the 3D human body shape test method for the drape
of fully formed knitted flared skirts, combined with the YG811
fabric drape style instrument to test the drape of fully formed
knitted fabrics, ten indicators were obtained to characterize the

drape characteristics, namely drape coefficient (C4), drape
degree (C,), projected circumference (Cs), projected equiva-
lent circle diameter (C,4), average difference in area between
two fabric troughs (Cs), average difference in radius at fabric
peak (Cs), drape curve shape coefficient (C7), draping wave
number (Cg), draping curve uniformity (Cy), and the average
difference in the angle between the wave peak and the wave
trough (C1p). Although these indicators fully reflect the drape
characteristics of fabrics, there are different degrees of correla-
tion between them, which makes direct analysis of all indicators
time-consuming and may lead to duplicate information. Therefore,
PCA is selected to simplify the analysis of indicator data. PCA is a

Figure 10. Fully formed knitted flared skirts and flared skirts try on.
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(b)

Figure 11. Drape testing procedures for fully formed knitted flared skirts. (a) Pose 1-drape testing procedures. (b) Pose 2-drape testing procedures.

Table 3. Flared skirts drape test data sheet

Flared C, C, C; C, Cs Ce C; Cs Co Cio

skirts

code/

index
1 0.0237 | 0.9763 | 404.3900 | 128.7300 | 0.1045 | 0.0310 | 0.0050 | 4.0000 | 0.1152 | 0.0993
2 0.0448 | 0.9552 | 427.7400 | 136.1600 | 0.2359 | 0.0721 0.0068 | 6.0000 | 0.0945 | 0.0758
3 0.0095 | 0.9905 | 387.7700 | 123.4400 | 0.5134 | 0.1050 | 0.0047 | 4.0000 | 0.2045 | 0.1765
4 0.0262 | 0.9738 | 407.1700 | 129.6100 | 0.2697 | 0.0394 | 0.0050 | 6.0000 | 0.2102 | 0.1810
5 0.0270 | 0.9730 | 408.1500 | 129.9200 | 0.2031 0.0672 | 0.0054 | 4.0000 | 0.1141 0.0960
6 0.0297 | 0.9703 | 411.1800 | 130.8900 | 0.1959 | 0.0646 | 0.0049 | 4.0000 | 0.1487 | 0.1236
7 0.0344 | 0.9656 | 416.3800 | 132.5400 | 0.1518 | 0.0643 | 0.0050 | 4.0000 | 0.2038 | 0.1843
8 0.0215 | 0.9785 | 401.7900 | 127.9000 | 0.2433 | 0.0555 | 0.0051 6.0000 | 0.2065 | 0.1640
9 0.0156 | 0.9844 | 395.0400 | 125.7500 | 0.6091 0.1271 0.0045 | 4.0000 | 0.2446 | 0.2093
10 0.0130 | 0.9870 | 391.9600 | 124.7700 | 0.1344 | 0.0546 | 0.0033 | 3.0000 | 0.4656 | 0.4179
11 0.0091 0.9909 | 387.3600 | 123.3000 | 0.3875 | 0.0782 | 0.0062 | 4.0000 | 0.1941 0.1436
12 0.0232 | 0.9753 | 404.3600 | 128.4300 | 0.1005 | 0.0300 | 0.0056 | 4.0000 | 0.1122 | 0.0990
13 0.0438 | 0.9522 | 427.7200 | 136.2160 | 0.2369 | 0.0761 0.0062 | 6.0000 | 0.1045 | 0.0768
14 0.0093 | 0.9885 | 387.6700 | 123.2400 | 0.5114 | 0.1020 | 0.0043 | 4.0000 | 0.2040 | 0.1735
15 0.0260 | 0.9708 | 407.1500 | 129.5100 | 0.2637 | 0.0364 | 0.0050 | 6.0000 | 0.2082 | 0.1800
16 0.0268 | 0.9710 | 408.1200 | 129.8200 | 0.2011 0.0662 | 0.0056 | 4.0000 | 0.1121 0.0980
17 0.0298 | 0.9763 | 411.2800 | 130.8600 | 0.1969 | 0.0626 | 0.0051 4.0000 | 0.1477 | 0.1226
18 0.0364 | 0.9646 | 416.2800 | 132.5100 | 0.1528 | 0.0623 | 0.0053 | 4.0000 | 0.2028 | 0.1833
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commonly used data dimensionality reduction method that com-
bines the original related indicators into a few principal compo-
nents through linear transformation, retaining the original data
information as much as possible while reducing redundant indica-
tors. The specific experimental data of the drape test are shown in
Table 3. After research, it was found that there is always a certain
degree of correlation between these indicators. To select repre-
sentative indicators and be able to use fewer indicators to com-
prehensively reflect the drape performance of the fabric [11,30],
combined with the measured drape experimental data, the PCA
method is used to find out the indicators with serious correlations
in each indicator, to achieve the purpose of characterizing the
drape performance of the fabric with a few indicators, thus greatly
improving the experimental data analysis. Simplification provides
convenience for subsequent fabric drape performance prediction
and simulation verification and provides a certain theoretical basis
for the establishment of a drape performance index system.

Use SPSS26.0 software to extract drape characterization indi-
cators — PCA. For PCA, the higher the correlation between
variables, the more suitable it is for principal component extrac-
tion. The information obtained through analysis using SPSS26.0
software includes a variable correlation matrix table, total var-
iance explanation table, component matrix table, and component
score coefficient matrix table.

The variable correlation matrix is shown in Table 4. For example,
the correlation coefficients between the drape coefficient (C)
and drape degree (C,), projected circumference (C3) and pro-
jected equivalent circle diameter (C4) are 0.982, 0.999, and
0.999 respectively, indicating that the C; is closely related to
the C,, Cs, and C,4. The correlation coefficient between Cs and
Cs is 0.848, indicating that there is a significant correlation; the
correlation coefficients between multiple variables in the table
are large, indicating that there is a correlation between these
variables. The significant correlation indicates the need for PCA.

Table 5 provides the total variance explained by each common
factor and the cumulative variance. According to the principle of
determining the main component based on the component with
an eigenvalue greater than 1, the first three factors in Table 5 have
an eigenvalue greater than 1, so the first three components are
selected as the main components, and the sum of the eigenvalues
of the first three factors is 89.457%, that is, it can explain most of
the information of the original ten variables, so it is appropriate to
extract three common factors. PCA can reduce the complexity of
the original data to a considerable extent.

It can be seen from Table 6 of the initial component matrix that
the typical representative variables of each main factor in the
initial component matrix are not very prominent, which easily
makes the meaning of the components ambiguous and is
inconvenient for analyzing practical problems. Therefore, the
initial factor component matrix needs to be Kaiser's standar-
dized orthogonal rotation method (i.e., maximum variance rota-
tion method), which is used for rotation. The rotated component
matrix is shown in Table 7. From the rotated component matrix
Table 7, it can be concluded that the first principal component is
closely related to the drape coefficient (C4) and drape degree
(C>), projected circumference (Cj3), projected equivalent circle
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Table 4. Variable correlation matrix table
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| < | o diameter (C4), and drape wave number (Cg). The first principal
C:—’ § 8_ q component (F4) can be interpreted as the fabric Drape form
T|e|e factor. The second principal component is closely related to
the drape curve shape coefficient (C-), draping curve uniformity
(Cy), and the average difference in the angle between the wave
N | o peak and the wave trough (C1o). The second principal compo-
S & SIS nent (F,) can be interpreted as the fabric drape surface shape
Plo|o factor; the third principal component is closely related to the
average difference in area between two fabric troughs (Cs)
and average difference in radius at fabric peak (Cg). The third
~ principal component (F3) can be interpreted as the fabric drape
0|3 QI uniformity factor.
(&) g ? S
Component score coefficient matrix (Table 8) gives detailed
information on the component score coefficient matrix, based
o | o on which the expression of each principal component can be
2218 directly written. Each variable in the expression is no longer a
©ls = ? primitive variable but a standardized variable. The first principal
component (F4) expression formula (3) is obtained from the com-
ponent score coefficient matrix table in Table 8. Among them, the
coefficient values of indicators C,, C», C3, C4, and Cg are larger,
© S 5 and they score higher on the F; principal component, indicating
© ‘_c|> 8 g that there is a close relationship between these five indicators and
the F4 principal component. The second principal component (F,)
expression formula (4) is obtained from the component score
coefficient matrix table in Table 8. The expression formula of the
o 8 2|2 second principal component (F») is as follows (4), among which
o 2 g g the coefficient values of indicators C;, Cg, and C,q are larger, and
! they score higher on the F, principal component, indicating that
the relationship between these three indicators and the F, prin-
cipal component is close relationship; The third principal compo-
~ | 8| w nent (F3) expression formula (5) is obtained from the component
AR g S score coefficient matrix table in Table 8. the expression formula of
T I the third principal component is as follows (5), in which the coeffi-
cient values of indicators Cs and Cg are larger and score higher on
the F3 principal component, indicating that these two indicators are
ol closely related to the F3 principal component.
ol o N~ | ©
S|l2l3|s
ST T
Table 8. Components score coefficient matrix table
S g § o Drape index Component
Tle|° Fq F> Fs
Cq 0.273 0.093 0.021
lole § C, -0.280 -0.092 -0.041
ol J| > ﬁ g g Cs 0.267 0.085 0.016
8 S|9IT| &
_‘é’ % Cy 0.271 0.090 0.021
£ 5 Cs 0.087 -0.013 0.516
= @©
g ClE | B Co 0.184 0.062 0.555
g x g C -0.028 -0.309 0.040
3|5 k:
o .E - S Cs 0.236 0.042 0.207
T 2 S =]
E g % % Co 0.165 0.445 0.053
e 3 < Cro 0.168 0.456 0.031
I} O =
= & Extraction method: PCA,; rotation method: Kaiser normalization varimax method.
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F1=0.273 x C{= 0.280 x C, + 0.267 x C3 + 0.271 x C4
+0.087 x Cs + 0.184 x Cg - 0.028 x C; @)
+0.236 x Cg + 0.165 x Cg + 0.168 x Cy,

F2=0.093 x C;~ 0.092 x C; + 0.085 x C3 + 0.090 x C4
- 0.013 x C5 + 0.062 x Cg ~ 0.309 x C; (4)
+0.042 x Cg + 0.445 x Cg + 0.456 x Cy,

F3=0.021 x C;- 0.041 x C, + 0.016 x C3 + 0.021 x C4
+0.516 x Cs + 0.555 x Cg + 0.040 x Cy (5)
+0.207 x Cg + 0.053 x Cg + 0.031 x Cyo.

Taking 18 pieces of fully formed knitted flared skirts and 3D-
printed human postures tested the drape test method. Based
on the PCA method, the drape of the fully formed knitted flared
skirt under 3D human body morphology was tested and ana-
lyzed. Three principal components, namely the drape shape
factor (F,), the surface morphology factor (F2), and the unifor-
mity factor (F3), were extracted from ten drape characteristics,
and the physical meaning of each factor was reasonably
explained. This extraction process simplifies the analysis of
drape characteristics and provides a scientific basis for con-
structing an efficient fabric drape performance index system.
By conducting experiments and evaluating the drape perfor-
mance of fabrics on a 3D-printed human body model, this study
can more realistically reflect the drape form of fabrics in actual
wearing situations compared to the traditional two-dimensional
(2D) plane test method, thereby significantly improving the practi-
cality and effectiveness of the test. The rotated component matrix
analysis and component score coefficient matrix table show that
the proposed factor partitioning model not only reduces the com-
plexity of drape analysis but is also more suitable for drape per-
formance evaluation under multiple postures, further verifying the
effectiveness of the PCA method based on the 3D human body
model. Unlike the existing research results based on 2D planes,
this study proposed vital indicators that can effectively reflect the
drape performance of fabrics through 3D model drape tests. This
innovative method provides a new direction for evaluating textile
drapes and lays the foundation for predicting fabric performance in
subsequent simulations.

4. Conclusions

This article presents an innovative method for assessing the
drape properties of fully formed knitted fabrics, leveraging a 3D
human body model under gravitational influence to objectively
evaluate drape performance in a wearing state. A specifically
designed knitted flared skirt was created to fit a 3D-printed
human model using a computerized four-needle bed flat knit-
ting machine. Using the YG811 fabric drape test instrument and
statistical analysis of ten key drape indicators in SPSS26.0, we
obtained comprehensive insights into the drape characteristics
of the fully formed fabric.

The findings demonstrate that a 3D-printed human model as a
testing platform, dressed in a fully formed knitted flared skirt,
accurately replicates real-world fabric drape on the human
form. This approach provides designers with a robust tool to

http://www.autexrj.com/

interpret and refine garment silhouette and functional aspects,
enhancing fabric and garment development processes. The
developed method offers significant potential for textile and
fashion industries, where precise drape testing is vital in gar-
ment fit, aesthetic, and comfort evaluation. Future research
should investigate dynamic drape assessments that simulate
movement, apply this approach to varied knitted fabric struc-
tures, and explore more complex garment types. Furthermore,
integrating this method with digital twin technology or virtual
prototyping systems may accelerate the design and evaluation
stages, allowing more accurate predictions of garment behavior
and aesthetics across diverse body shapes.
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