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Abstract

Facial cosmetics moisturise the skin and remove sebum and impurities to maintain healthy skin. Face masks are available
on the market in various forms such as gel, emulsion, sheet and paste. The textile sheet mask for facial care is used
by all women, regardless of age. This study deals with 3D scanning of women'’s faces to create an average female 3D
face model for the development of a textile sheet mask design for facial care. Screened Poisson surface reconstruction
was used to create an average female 3D face model whose dimensions correspond to average dimensions of scanned
female faces. A reliable average 3D face model of the women studied was therefore used to develop a textile sheet
mask for facial care. A comparison of average facial measurements with the measurements of randomly selected masks
on the market revealed differences. Therefore, a design for a textile sheet mask was developed based on average facial
measurements and the average 3D face model of a woman and by using virtual prototyping. The use of software for
prototyping and simulating the appearance of clothing has also proven to be effective in the development of a textile
product such as a textile face mask. The developed pattern design of the textile sheet mask with optimal dimensions
and shape adapts to the contours of an average woman’s face. This fulfils all the requirements for wearing comfort of
the textile sheet mask around the eyes, nose and lips during facial care and enables efficient transfer of the serum from
the textile sheet mask to the skin.
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The textile sheet masks have been on the market for
some time and are very popular within women. They help to
remove excess oil and improve the appearance of the skin.

Introduction

The skin, as the largest organ, serves as a barrier for
microbes to enter the body. Therefore, skin health is an
important aspect of personal health and aesthetics.
Cosmetic products for the skin are formulated according to
skin type, which can change throughout life due to differ-
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ences in sebum secretion. Cosmetics moisturise the skin
and removes sebum and impurities to promote healthy
skin.'”” Face masks are affordable goods that are easy to
apply and have an immediate effect on the skin. They are
available on the market in various forms such as gel, emul-
sion, sheet and paste.>
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They are known to moisturise, prevent acne and hydrate the
skin. The different types of sheet masks can be categorised
by the different types of textiles: cellulose masks with a
finer texture, hydrogel masks, bio-cellulose masks, foil
masks, knitted cotton masks, ampoule sheet masks and bub-
ble masks.>®® The popularity of face textile sheet masks is
increasing as people become more concerned with improv-
ing their facial health-care and beauty. According to
research,'” the use of face sheet masks is expected to
increase to USD 701.86 million by 2030.

A facial skin care with a textile sheet mask on which a
skin care serum is applied should be comfortable and, in
this respect, allow breathing through the nose or mouth
while wearing the mask and prevent eye irritation from the
serum. At the same time, it must be easy to apply on
the face and conform to the contours of the face so that the
serum can be efficiently transferred from the mask to
the skin. To meet these beautification demands, the pattern
design of the textile sheet mask is important, with open-
ings for the eyes, nose and lips and functional slits that can
be casily adjusted to the face. Different manufacturers
offer different designs of sheet masks adapted to the differ-
ent anthropometric data of the face. In the study by Liu
et al.,’ comfort, perfect fit, price, sheet mask shape, func-
tion and ingredients were identified as the most important
factors of sheet mask products whose shape and pattern
design were redesigned to better fit the face of an average
woman in Taiwan. An international anthropometric study
of the facial morphology of different ethnic groups
(Europe, Asia, Africa) revealed differences between their
anthropometric facial measurements.!! Fourteen anthropo-
metric measures were studied, measured manually on a
sample of 30 men and 30 women in each participating
nation. Comparison of these anthropometric measures
with those of North American Caucasians showed the least
difference with the Caucasian groups in Europe. A study
by Choe et al.'> comparing facial proportions between
Korean American and North American groups of 72
women found significant differences in 24 of 26 facial
measures. Based on these findings, it can be predicted that
women of different population groups need different
shapes (pattern designs) and sizes of textile sheet masks
for facial care.

Anthropometric measurements can be measured by
contact or non-contact methods. Various physical phenom-
ena are used for geometry scanning, such as optical, laser,
dark field, ultrasonic, roentgen radiation or variations of
composite scanning. The scanning process can also vary in
terms of speed, accuracy and health compatibility. 3D
scanning processes that are harmless to health are suitable
for 3D scanning of the human body. Optical and laser 3D
body scanning technologies have been researched with the
aim of obtaining accurate 3D body models.'*?! These ena-
ble the determination of reliable 3D body measurements
required for the creation of sizing systems for clothing
and/or the development of garment pattern designs.

The construction of average 3D human body models or
3D models of body parts of a given population is extremely
important for the development and testing of products in
various fields. Any generalisation of a 3D model requires a
base of 3D models, that is, scans or 3D meshes, which are
properly processed using various software and processing
techniques to successfully fuse them into a general 3D
model. Some generalised 3D models are based on anthro-
pometric data, such as a virtual 3D model of the human
hand for ergonomic product design.?>?* Others create gen-
eralised 3D human body models as 3D average meshes
based on 3D scanned people especially for computer ani-
mation, biomedical analysis, and human-centred product
development, as well as garment pattern designs develop-
ment using virtual prototyping of garments on generalised
parametric 3D human body models in the clothing indus-
try.243% Average 3D face models were created for two
European groups (Slovenia and Wales) using 3D data
acquired with a laser scanning system and a previously
validated mathematical algorithm.’! They deployed an
average 3D face model versus scan comparison using soft-
ware GOM Atos with the following protocol: 3D mesh
editing and alignment, reconstruction of the average 3D
mesh and creation of the average 3D face model. For case
of orthodontic 3D digital model of mandibula surface-to-
surface matching method for scanned 3D meshes align-
ment was used, that is, the best-fit method with the
least-mean-squared algorithm.?

Human body scanning was established as 3D human
body acquisition and measurement tool also for garment
prototyping.’334 These measurements could serve as
anthropometric data from which an average 3D model can
be created, as in the study by Bozi¢ et al.>! To extract the
average mesh on top of all 3D meshes, Poisson surface
reconstruction or improved derivates of Poisson surface
reconstruction were deployed.*>” Screened Poisson sur-
face reconstruction is improved version of 3D mesh recon-
struction on top of 3D point cloud or 3D meshes. It
produces one smooth, continuous 3D mesh and is included
in many 3D software, also in MeshLab and HP 3D
Scan.3%3

The face sheet mask for skin care is used by all women,
regardless of age. Therefore, the product is adapted to the
anthropometric characteristics of a specific female popu-
lation, that is, to average face dimensions. As the facial
morphology of different ethnic groups differs, there is a
need for different shapes (pattern designs) and sizes of
textile sheet masks for facial care that allow the mask to
be applied correctly. It must fit the contours of the face to
effectively transfer the serum to the skin and must not
obstruct the user’s viewing or breathing. Particular atten-
tion must therefore be paid to the size and position of the
openings for the eyes, nose and lips. In this study, average
face dimensions are examined using 3D scans of the
female group from Slovenia with the aim to compare
them with measurements of different textile sheet masks
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Figure |. Research model.

on the market and to develop a textile sheet mask design
with optimal measurements and shape for the female pop-
ulation studied. Based on scans, Screened Poisson surface
reconstruction was used to create an average woman 3D
face model, dimensions of which were compared with
average dimensions of the face of female population stud-
ied and used to develop a design of textile face sheet
mask.

Methods

Figure 1 shows the research model for the development of
a 3D face model of an average woman using a 3D face
scan and the development of a design for a textile sheet
mask.

Average woman’s 3D face model

The simplified flowchart in Figure 2 shows the steps
required to create an average 3D face model. The 3D scan
is created with a 3D scanner. These 3D point clouds are
polygonised into the 3D mesh, one for each scanned face.
This polygonization already reconstructs the mesh using
Poisson surface reconstruction*” in the Sense 3D software.
In the next step, all 3D face meshes are imported into one
file in which the meshes must be edited and aligned, as
explained in detail in Section 2.1.2. The next step is an
octree that manages 3D data in a data structure where
observed spatial elements become denser, which is
achieved by subdividing in the areas where details appear
on a 3D model.*! Furthermore, Screened Poisson surface
reconstruction is performed, where the final solution is the
average 3D mesh face model.

3D face scanning. The study involved a group of 61 female
subjects from Slovenia whose ages ranged from 20 to
58years and who had different body heights (BH), body
weights (BW) and body mass indexes (BMI). The basic
average data of measured female participants are shown in
Table 1.

The Sense 3D scanner with combined technology of
laser class 1 and structured light was used. Laser class 1
poses no danger to human eyes or skin.*? The scanner has
a spatial x/y resolution at 0.5 m of 0.9 mm and a depth reso-
lution at 0.5 mm of 1.0mm.** Sense 3D second generation
is a handheld scanner from 3D Systems with Intel camera
sensor and automatic object recognition for scan align-
ment. The scanning area was limited to a body part.

In 61 female participants study, the head was scanned
from the front and from the left and right sides, that is, the
area of the face from the crown to the ears, over cheeks and
chin to the neck, Figure 3. Prior to scanning, a tight-fitting
cap was placed on the participant’s head so that it accu-
rately covered the scalp, and a pyramid-shaped marker
was placed on the top of the head. A clear line of the face,
required for facial treatment with a textile sheet mask to
the top of the head, was captured for further measurement
of the face and head height.

3D meshes editing and aligning. Every scanning software
handles 3D data differently, but a 3D point cloud is created
after every 3D scan. This 3D point cloud serves as the
basis for the 3D mesh of the object. 3D scans were created
using the 3D scanner Sense,*® then automatically
polygonised using the Poisson surface reconstruction and
exported as an STL file by the Sense software without
additional editing. Gom Inspect software proves to be a
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Figure 2. Simplified flowchart for the creation of a 3D face model of an average woman.

Table |. Basic data of the measured participants.

Age and body attributes Symbol X (X X SD (cm) CV (%)
Age (years) A 35.98 (20; 58) 11.82 32.86
Body height (cm) BH 166.38 (154.00; 180.00) 5.8l 3.49
Body weight (kg) BW 65.20 (45.00; 101.00) 13.07 20.05
Body mass index BMI 23.54 (16.90; 35.43) 451 19.15

Figure 3. Examples of 3D facial scans frontal and lateral in the software sense.

more suitable tool for mesh editing such as cleaning, mesh
unification, mesh decimation and smoothing.** Alignment
or registration is a process of adjusting the position and
rotation of 3D scanned female face meshes to the correct

position in 3D space. It was also performed in Gom Inspect
according to the Multilevel active registration described in
detail in Rudolf et al.?! and Kozar et al.** In the following,
the process of aligning 3D scans was necessary to create
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Figure 5. Simplified Poisson surface reconstruction process using a 2D example.

an average 3D mesh face model, which is summarised as
follows: (a) all scans were aligned using the manual
method to obtain a well-presented averaged 3D mesh, that
is, observation and alignment of scans in the nasion (inter-
section of the frontonasal and intranasal sutures®), (b)
adjustment of left-right symmetry and (c) rotation of each
scan, as shown in Figure 4.

Average 3D mesh reconstruction. An average mesh of the
3D face model was created from 61 3D meshes registered
on top of each other. For the reconstruction of an average
3D mesh, also called fusion, the screened Poisson surface
reconstruction was used. Software involved in the 3D
mesh reconstruction process was HP 3D scan 5.6.0 that
supports 3D scanner HP SLS and uses Screened Poisson
surface reconstruction for scans fusion.** All 61 scans
were separately imported in HP 3D scan software.
Poisson surface reconstruction is an implicit method
often used for the reconstruction of 3D scan data of static
objects. It robustly approximates noisy data with very
smooth surfaces. The Poisson surface reconstruction
method is based on vector fields (J). With indicator gra-
dient (V, ) defines indicator function (% ) and finally
reconstructs a model with watertight closure features,

geometric surface properties and detail features (OM).
For a better understanding, the reconstruction process is
simplified using the 2D example in Figure 5, while it
works in the same way in the additional third dimension.
Detailed explanations and practical examples for the
Poisson surfaces reconstruction and Screened Poisson
surface reconstruction can be found in Kazhdan et al.,*”
Kazhdan and Hoppe®® and Liu et al.3” In Screened
Poisson surface reconstruction, position and normal con-
straints are considered simultaneously, which means that
the mesh is denser where details are present. This reduces
the compute calculation time and improves the results of
the 3D mesh.*

In the vector field /' we are looking for the solution to
the function X , whose gradient X is closest to ¥, which
is the solution of the Poisson equation AY =V -V .

The original Poisson surface reconstruction algorithm
adjusts the implicit function by applying a single global
offset to ensure that its average value is zero at all points.
However, the presence of errors can cause the implicit
function to drift, making it impossible to find a satisfactory
global offset. To solve this problem, an alternative
approach was proposed in Kazhdan and Hoppe,*® where
the points are explicitly interpolated. Therefore, the
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equation for the screened Poisson surface reconstruction
(A—al)X =V -V is presented. P is points set with the
weights w:P — R, and the energy denoted by E in
equation (1). To balance the two energy terms in equation
(2), the screening parameter ¢ should be adjusted so that
the reconstructed 3D surface is scaling irrelevant and the
extension of a solution at a coarse depth is an accurate esti-
mate at a finer depth solution. Both goals can be achieved
by adjusting the weighting of the position and gradient
constraints at different octree depths. The magnitude of the
gradient constraint scales with the resolution, so the weight
of the interpolation constraint must be doubled with each
depth3¢-37:

£ =[P (r)-v, 0| dv (M)

By (1) =248 e 5o () 12 () @)

Zh e Sw(h)

where / is the sample point, v, is the gradient of the indi-
cator function, Area(S) is the reconstructed surface region,
« is the screening factor, used to measure the fitting gradi-
ent and fitting value and @ (h) is the sample point weight.?

Virtual 3D measuring of scanned face
dimensions

Measurements of face dimensions were taken to determine
average face dimensions with the aim of evaluating an
average 3D face model and designing an average textile
sheet mask for face care. Examined were head length and
those face dimensions that have impact on the develop-
ment of a textile sheet mask pattern design. Some of the
dimensions that correspond to anthropometric points for a
precise study of facial morphology are explained in detail
in Farkas et al.,'!' Uzomba et al.*® and Leth-Steensen*’
while the rest are important for the construction of the tex-
tile sheet mask pattern design. The 12 dimensions of the
face were measured: scalp—nose length (trichion—nasion
length, i.e. forehead height), nose length (nasion—subna-
sale length), nose—lip lower edge length (subnasale—cuta-
neous lower lip), lip lower edge—chin length (dimension
from the cutaneous lip lower edge to the most anterior—
inferior point of the chin contour, i.e. gnathion), eye socket
height (eye socket, also called orbit, which is the part of
the skull surrounded by the forehead, temple, cheeks and
nose), lip height (height from cutaneous upper to lower
lip), face width at the eyes level, nasal bridge width, eye
socket width, nose width (alare—alare, i.e. morphological
nose width), lip width and chin width, Figure 6.

The virtual 3D measurement of 61 scanned faces and
the average 3D face model were performed using OptiTex
3D software and the tool Add Tape Measure. The face
measurements were repeated three times consecutively.

()

(/Uﬂvl

Figure 6. Measurement of face dimensions: (1) head length,
(2) scalp-nose length, (3) nose length, (4) nose-lip lower edge
length, (5) lip lower edge-chin length, (6) eye socket height,
(7) lip height, (8) face width at the eyes level, (9) nasal bridge
width, (10) eye socket width, (I 1) nose width, (12) lip width
and (13) chin width.

Data analysis

The mean values (), Standard Deviations (SD) and
Coefficients of Variation (CV) were calculated for meas-
urements of faces dimensions. Differences (D) were calcu-
lated between averaged measurements of Scanned Faces
(SFs) and average measurements of 3D Face Model
(3DFM). A positive value (+) means that the SFs is greater
than the 3DFM and a negative value (—) vice versa.

Design of a textile sheet mask for face skin
care

An analysis of six textile sheet masks for facial treatment
from different, randomly selected manufacturers was car-
ried out to compare their dimensions and shapes with a
newly designed textile sheet mask for a studied group of
women. The surface mass and thickness of dry sheet masks
were measured to determine basic properties of textile sub-
strate. Wet textile sheet masks were placed between two
sheets of soft paper to absorb excess moisture, placed on a
dry sheet of paper, dried and conditioned under standard
conditions, prior to measurements. Depending on the
design of the mask (shape and size), the thickness of
the textile could be measured at four different points
according to the ISO 5084:1996 standard,*® while three
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Figure 7. Creation of an average woman 3D face model, (a) Scans aligned on top of each other, (b) 2D longitudinal sections of
meshes and the average mesh (red), and (c) Average woman 3D face model.

50 X 50mm squares were cut from each textile mask to
determine the weight. The weight is calculated and
expressed in g/m? as in the standard 1SO 3801:1977.% At
the same time, specific characteristics were given for each
mask, such as the purpose of care and the duration of the
facial treatment, the textile material and other characteris-
tics of the mask shape.

The construction of the textile sheet mask 2D pattern
design for an average women’s face care was based on the
SFs and 3DFM dimensions with help of the OptiTex PDS
system. The purpose of development of the sheet mask 2D
pattern design is to provide the studied group of women a
sheet mask that fit them well for effective facial care and
allows them to rest comfortably during application.
Designed textile sheet mask for facial treatment was tested
on the average 3D face model.

Results with discussion

The average 3D face model

The 3D scans were imported separately into the HP 3D
scan software to perform the fusion process with the
Screened Poisson surface reconstruction.®® They were
aligned on top of each other using the Gom Inspect soft-
ware and the Multilevel active registration tool, as shown
in Figure 7(a). Based on 61 scans, a reconstructed, 3D
average mesh was created. Figure 7(b) shows 2D longitu-
dinal sections of all meshes side views of the 3D scans.
The red curve represents the average longitudinal section
of the mesh that visually appears in the centre of all sec-
tions, which also confirms the average model.
Reconstructed 3D mesh of an average woman 3D face
model was exported from HP 3D scan software and
imported into existing project in software Gom Inspect to
close, regularise, and smooth 3D face model with Gom
Inspect’s tools for final mesh editing. The final average
woman 3D face model has a uniform surface, with no

irregularities, which proves that enough subjects were
included in the study, Figure 7(c).

Comparison of dimensions of an average real
face and a 3D model of the average face

The mean values (x), Standard Deviations (SD) and
Coefficients of Variation (CV) for both real scanned faces
(SFs) and an average 3D face model (3DFM) of female are
presented in Table 2. In addition, the minimum and maxi-
mum values of each body dimension, calculated differ-
ences (D) between the mean values of the SFs and 3DFM
are given in Table 2.

The research shows that the group of women studied
has different faces. They differ least in the dimensions of
head length, head width at eye level, nose length, eye
socket width, scalp-nose length, nose width, nose-lip lower
edge length, lip width and eye socket height (SFs: CV
between 4.50% and 9.99%). Larger differences are
observed between dimensions of nasal bridge width, lip
lower edge-chin length and lip height (SFs: CV between
10.37% and 11.52%). Largest differences are observed in
the chin width dimension, which was difficult to measure
using a non-contact method due to the diversity of facial
morphologies and the indistinct chin width of some faces
(SFs: CV 20.94%). Differences in facial morphology of
female and male Slovenian population are also confirmed
in the study by Bozi¢ et al.?!

The average 3D face model (3DFM) of the woman
shows a significantly small deviation from the average
dimensions of scanned faces (SFs). The differences range
from 0.41 mm (—0.89%) for the chin width and 1.15mm
(1.63%) for the scalp-nose length. Based on extensive
measurements of the SFs and measurements of a 3DFM, it
can be confirmed that a reliable average 3D face model of
the women studied was created by using a Screened
Poisson surface reconstruction. It can therefore be used for
the development of a textile sheet mask for facial care.
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Table 2. Measurements of the average real face and 3D model of an average face.

Face dimensions

scanned faces (SFs)

Averaged measurements of

Average measurements of 3D face

Difference

model (3DFM)

SFs (mm)  SD (mm) CV (%) 3DFM (mm) SD (mm) CV (%) Dg somi (mm) Desomi (%)
SFSmin (mm) 3DF/Vlmin (mm)
SFSme (MM) 3DFMpg, (mm)
Head length 225.58 10.14 450 22436 1.70 0.76 1.22 0.54
198.96 219.99
246.06 225.79
Scalp-nose length 71.74 5.74 800  70.59 119 1.69 .15 .63
58.05 69.23
83.54 72.85
Nose length 45.79 2.84 620 4525 0.63 .40 0.54 1.19
35.94 4428
53.23 46.15
Nose-lip lower edge 38.51 3.56 9.24 38.76 0.77 1.97 -0.14 -0.35
length 3247 3751
48.86 39.95
Lip lower edge-chin 27.06 2.97 1096  27.13 1.07 3.95 -0.07 -0.26
length 22.07 25.75
35.50 28.84
Eye socket height 36.47 3.64 999 3624 0.87 2.40 0.23 0.64
28.06 35.03
46.32 37.70
Lip height 25.62 2.95 1152 2536 1.06 4.18 0.27 1.05
20.16 23.72
34.00 27.07
Head width at the eyes 132.68 6.79 5.12 132.58 1.93 1.46 0.10 0.07
level 117.85 130.10
153.88 135.92
Nasal bridge width 21.72 2.25 1037 2174 091 4.17 -0.01 -0.07
16.24 20.77
26.04 23.49
Nose width 33.17 2.67 8.05 33.30 0.75 2.26 -0.13 -0.38
24.07 32.50
37.16 34.63
Eye socket width 45.66 3.49 764 458l 0.94 2.06 -0.15 -0.34
3491 44.70
54.39 47.45
Lip width 53.53 5.00 9.35 52.77 0.85 .60 0.76 .44
4232 51.67
64.48 54.12
Chin width 4561 9.55 2094  46.02 091 1.98 -041 -0.89
29.56 44,58
82.25 47.45

Development of the design of a textile sheet

mask for facial care

Six face sheet masks from different manufacturers, ran-
domly selected, were subjected to analysis of (a) dimen-
sions of selected textile sheet masks: maximum mask
width, maximum mask length, scalp-nose length, nose

length, nose-lip opening length, lip opening height, lip-
chin length, eye opening width and height, distance
between eye openings, nose opening width, lip opening
width and height, (b) shapes and (c) essential characteris-
tics, Tables 3 and 4.

The measured maximum width of textile sheet masks
ranges from 210 to 247 mm and the maximum length from
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Table 3. Dimensions of the researched textile sheet masks.

Dimensions (mm) Sheet Sheet Sheet Sheet Sheet Sheet New sheet
mask | mask 2 mask 3 mask 4 mask 5 mask 6 mask
Mask width (max) 247 234 210 225 245 225 190
Mask length (max) 210 200 199 210 205 200 184
Scalp-nose length 82 70 80 80 80 80 72
Nose length 46 44 54 49 42 48 46
Nose-lip opening length 14 16 13 18 28 12 26
Lip opening-chin length 50 50 30 44 52 43 27
Eye opening width 50 55 55 50 40 50 46
Eye opening height 25 20 25 28 20 20 36
Distance between eye openings 28 29 22 24 35 25 22
Nose opening width 45 53 64 50 47 48 65
Lip opening width 58 63 65 60 55 63 54
Lip opening height 18 20 22 19 13 17 26

Note. The shaded cells indicate the dimensions of the sheet masks that best match the dimensions of the 3DFM and the new sheet mask (shaded last column).

Table 4. Basic properties of the analysed face mask designs and a new sheet mask design.

Sheet mask | Sheet mask 2 Sheet mask 3 Sheet mask 4 Sheet mask 5 Sheet mask 6  New sheet
mask
Shapes /”f\‘/:‘\\ f/, ,i\\
l & & W | - = VY
. - A I S
\\/ 1‘ ’>/ \\ /,;,: J_ /\,\//
Characteristics
Use Moisture and Restores Hydrating Elasticity, reshape  Moisture, Restore, Under
rich care elasticity smooth, moisture research
refresh
Apply 15-20 min 20min 30min 10 min refrigerator, 15min 15min Under
10 min treatment research
Textile material Nonwoven  Nonwoven  Hydrogel with Nonwoven (paper Nonwoven Nonwoven Under
cornflower  techn.) (biodegradable) research
extract
Weight (g/m?)  62.56 51.52 / 47.60 67.97 41.08
SD (g/m?) 3.94 5.97 3.50 1.39 1.57
CV (%) 6.30 I1.64 7.35 2.04 3.83
Thickness (mm) 0.28 0.34 / 0.34 0.34 0.40
SD (mm) 0.01 0.01 0.01 0.01 0.01
CV (%) 4.71 2.87 3.16 3.39 3.35
Other Slits —eye,  Slits —eye,  Maskintwo / Chin slits Slits — eye, Slits — eyes,
nose, chin nose, chin parts; slits — nose, chin nose, chin
nose, chin

199 to 210mm, Table 3. The length of the scalp-nose is
quite similar and is 80 mm for four masks and 70 and
82mm for remaining two masks. They differ from each
other in all other measured dimensions. The nose length
varies for all masks and is between 42 and 54cm. The
length of the nose-lip opening has a wide range between
sheet masks, between 12 and 28 mm, as does the length of
the lip opening-chin between 30 and 52mm. The eye

opening width of 50mm is the same in three masks, two
are 55mm and one is 40 mm. Also, three masks have the
same eye opening height of 20 mm, two of 25 mm and one
of 28 mm. The distance between eye openings is between
22 and 35 mm. The width of the nose opening varies in all
masks and is between 45 and 64 mm. The width of the lip
opening (55-65 mm) and the height of the lip opening (13—
22 mm) also vary.
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Figure 8. Comparison of the dimensions of textile face sheet masks.

Dimensions for a new design of a textile sheet mask can
be found in the last column in Table 3, which contains the
already measured 3DFM dimensions (Table 2) and addi-
tional dimensions required for the development of the pat-
tern design of the textile sheet mask, which were measured
on the 3DFM. In Table 3, the dimensions of sheet masks
that best match the dimensions of the 3DFM are shaded.
However, a comparison of the dimensions of textile sheet
masks clearly shows that no mask completely matches the
dimensions of the 3DFM, Figure 8, as well as the dimen-
sions of the face sheet mask proposed in the study of Liu
etal’

The biggest difference in dimensions is in the height of
the eye opening, whose maximum dimension is 28 mm,
while this dimension is 36.5 mm for the SFs and 36.2 mm
for the 3DFM. It is assumed that the difference is related to
the measured distance of the eye height. In this study, the
height of the eye socket was measured to ensure unob-
structed view when using a mask and to prevent possible
transfer of the serum to the eyes. The width of the sheet
mask was adjusted to the width of the face from scalp to
scalp at the eye line. For this purpose, the length from the
eye socket to the scalp (38mm) was measured on the
3DFM. The required width of the nose opening was meas-
ured at the 3DFM (length from one nostril to the other
across the tip of the nose), which is 65 mm. The four ana-
lysed masks have a nose opening width between 45 and
53 mm, while in mask 3 this is 64 mm, which is almost the
same measurement as ours. The width of the lip opening is

between 55 and 65mm in the sheet masks analysed,
whereby this dimension corresponds most closely to our
measurement in the fifth sheet mask. The height of the lip
opening is between 13 and 22 mm. The third sheet mask
corresponds most closely to our mask, which has a lip
opening height of 26 mm, which is higher than all the
masks analysed. The latter is due to the measurement of
the height of the lip opening from the cutaneous upper lip
to the lower lip, on the assumption that a higher lip open-
ing provides better comfort during care with a textile sheet
mask and prevents possible transfer of the serum into the
mouth.

By analysing the comparison between the randomly
selected masks and the measurements of the average wom-
an’s face studied, it can be concluded that the third mask,
which has similar six measurements, could fit our average
woman face best. However, there are significant differ-
ences in the measurements of the scalp-nose length, the
nose length, the width and length of the eye opening and
the width of the lip opening. The latter was taken into
account in the development of the new textile sheet mask
to ensure unhindered viewing and breathing and to avoid
the discomfort caused by the possible transfer of serum
into the eyes and mouth due to the small openings.

The basic characteristics of analysed face sheet masks
designs are shown in Table 4. It can be observed that masks
have different shapes. All have a slit in the nose area, but
in different shapes and lengths. Four of six masks also
have slits in the chin and eye area to better fit the face (1,
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(c)

Figure 9. Development of the new textile sheet mask design, (a) First pattern design positioned on the 3DFM, (b) First virtual

prototype, and (c) New design of the textile sheet mask.

2,5, 6). The sheet mask 3 consists of two parts — the upper
part covers the face up to the end of the nose, while the
lower part covers the facial area from the nose to the chin.
The sheet mask 5 has no slits in the chin and eye area.
Sheet masks analysed are intended for moisturising and
rich care, restoring elasticity, smoothing and refreshing the
skin and contain various serums with coconut milk, hyalu-
ronic, collagen, probiotic fractions, etc., whose recom-
mended duration of care varies (10—20min).

The textile substrate of analysed face sheet masks is a
non-woven textile (1, 2, 4-6), while the third face sheet
mask uses hydrogel with cornflower extract as the sub-
strate for the application of the serum for face care, Table
4. They also vary in weight and thickness. Their weight
ranges from 41.08 g¢/m? (6) to 67.87g/m? (5) and their
thickness from 0.28 mm (1) to 0.40mm (5). The thickness
and weight of a sheet mask 3 could not be measured cor-
rectly, as a dry mask becomes thinner and more wrinkled.
This data is therefore not included.

The pattern design of a face sheet mask was constructed
based on the average facial measurements of the group of
women studied, rounded to the nearest millimetre, Table 3,
and additional measurements were taken on the 3DFM as
previously described. The first pattern design of the textile
sheet mask has slits in the areas that can also be seen in
textile sheet masks examined, allowing the sheet mask to
fit better on the nose, Figure 9(a). The nose slit consists of
16 mm long diagonal lines and a 4 mm long nose slit on the
inner edge of the eye openings. The slits are also located in
the chin area and on the side of the forehead near the eyes
in the form of cut-out darts, so that the sheet mask can be
fitted to the face with less wrinkling of the textile material,
which is necessary to better transfer the serum from the
mask to the face.

To simulate the fit of the textile sheet mask on the
3DFM, it was rotated 90 degrees from its natural vertical
position to a horizontal position that the sheet mask can be
draped on the 3DFM. The face sheet masks made of real
textile are very flexible when soaked with serum.
Therefore, the mechanical properties of a single knit jersey
(88% polyester, 12% spandex) from the OptiTex 3D Fabric
Library with an average weight of analysed textile sheet
masks (54.0 g/m?) and thickness (0.34 mm) were used for
the simulation to obtain a flexible textile structure similar
to a textile sheet mask with a serum. The simulation
parameters were set to default values and the mesh density
of the 3D textile model was 0.5 cm, Figure 9(a).

The first virtual prototype of the textile sheet mask
shows correctly dimensioned and positioned openings for
the eye sockets, nose and lips, Figure 9(b). There is a slight
sagging of the textile under the nose and through the lip
opening, which cannot be avoided during simulation and is
normal due to the draping properties of the textile, as the
mask is not wetted with serum. It can be seen that the pro-
totype of the textile sheet mask fits the 3DFM well in the
forehead and chin, while larger folds appear in the cheek
area, even though the slits were used in the form of darts in
the chin area and on the side of the forehead near the eyes.
The maximum tension of the textile (red) is distributed in
the area of the nose and continues over the cheekbones
(red, orange), which consequently forms a fold on the
cheeks, Figure 9(b). This is due to the nose slit being too
short and the inadequate position of the slits to fit the mask
to the face. The latter refers to the need for slits in the
cheek and nose area so that the textile sheet mask can
adapt well to the face without forming unnecessary folds,
making it easier to place on the face and more comfortable
to wear during facial care. Using the virtual prototyping
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process and after several iterations of the pattern design of
the textile face sheet mask, the design of the textile face
sheet mask was adapted in the cheek area and the slits for
the nose were enlarged to 26 mm, Table 4. Figure 9(c)
shows a simulation of the new design of the textile sheet
mask on the 3DFM. It can be seen that the maximum ten-
sion of the textile (red) is concentrated in the nose area.
This means that longer nose slits allow the mask to fit bet-
ter to the nose and therefore also to the cheek, which is
emphasised by slits in the new position on the sides. A new
design of the textile sheet mask also adapts well to the
3DFM in the area of the forehead and chin. A slight sag-
ging of the textile under the nose and through the lip open-
ing can be observed and cannot be avoided in the simulation
due to the draping properties of the textile.

It can be assumed that the use of software for prototyp-
ing and simulating the appearance of clothing has also
proven to be effective in the development of a textile prod-
uct such as a textile face mask. A new design of the textile
face sheet mask allows a good fit of the mask to the ana-
lysed average 3D female face model and offers a better
wearing comfort than the other analysed masks, especially
in the area of the eyes, nose and mouth, which allows
unobstructed vision with the eyes and breathing through
the nose and mouth, and the eyes are not irritated by the
serum. On the other hand, the shape of the mask itself
allows for easier application on the face without unneces-
sary adjustment to the facial contours by folding the mask,
which enables perfect transfer of the serum from the mask
to the face during care. In future research, the textile sheet
mask will be tested on real test subjects with different
facial morphologies.

The shape of the textile face sheet mask is reminiscent
of a butterfly. In various cultures, butterflies are symbols
of transformation, hope and rebirth and evoke the qualities
of freedom, beauty and love, which users can also harmo-
nise their facial care with.

The developed design of the textile face sheet mask is
part of a project in which future research is aimed at the
sustainable development of the textile sheet mask as a
complete product. The focus is on analysing and develop-
ing the appropriate textile for the face sheet mask, the
treatment serum, which will add new dimensions to facial
care, and the overall design of the sheet mask packaging.

Conclusions

The aim of this study was to create an average woman 3D
face model in order to develop a design for a textile sheet
mask with optimal measurements and shape for the women
studied. Based on the 3D scans of the 61 women, an aver-
age 3D face model (3DFM) of the woman was created
using a Screened Poisson surface reconstruction. The com-
parison between the measurements of the SFs and the

measurements of a 3DFM showed that a reliable average
3D face model of the women studied was created by using
a Screened Poisson surface reconstruction. Therefore, it
was used for the development of a textile sheet mask for
facial care. A comparison of the dimensions of randomly
selected textile sheet masks on the market clearly shows
that no mask completely matches the dimensions of the
3DFM. The pattern design of a textile face sheet mask was
created on the basis of average facial dimensions of the
group of women studied and additional measurements of
the 3DFM. The design of a textile sheet mask developed
with the help of virtual prototyping on 3DFM enables opti-
mal fit to the average face in the area of the forehead, eyes,
nose, lips, cheeks and chin. It therefore enables improved
comfort during facial care, that is, unhindered viewing and
breathing through the nose and mouth, while the eyes and
mouth are not irritated by the serum thanks to appropri-
ately designed openings.

Textile sheet masks are used to moisturise and richly
nourish the face, restoring elasticity, smoothing and
refreshing the skin with various serums containing coco-
nut milk, hyaluronic acid, collagen, probiotic fractions,
etc. Future research will therefore focus on the sustainable
development of the sheet mask as a complete product. The
focus is on analysing and developing the textile for the
sheet mask, the serum for the sheet mask, which would
add new dimensions to facial care, and the overall design
of the textile sheet mask packaging.
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