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Abstract

Population aging is a global phenomenon, and the elderly population has a higher
economic capability today than that in the past. Thus, this population is considered

to be a growing consumer group that enjoys both consumer and leisure life. In this
study, we developed prototype hat patterns for elderly women that can be used for
developing close-fitting hats, helmets, masks, and smart headwear. Three-dimensional
(3D) head scan data of elderly women were employed herein, and the data were clas-
sified into three groups with common head size and head shape. The target group was
selected from a high-frequency group among the classified groups, and a standard
head form representing the target group was developed using averaging and wire
frame generation techniques. Four hat types were considered, design baselines were
developed for each type, and prototype patterns were designed for each hat type
using a flattening technique. The suitability of the developed prototype hat patterns
was subsequently verified. Our results showed that all four prototype patterns had
errors less than 5 mm? (1.40%). The hat patterning method proposed in this study is
expected to improve the wearing comfort of high-value-added products designed for
the elderly.

Keywords: Digital fashion, Standard head form, Hat prototype pattern, Active seniors,
Wearable technology, Aging, 3D scanning

Introduction

The number and proportion of elderly people are increasing as the life expectancy of
humans increases owing to advanced medical technologies and improved quality of life
across the globe. According to the world population trend data published by the United
Nation, the global population of people over 60 years of age increased from approxi-
mately 200 million in 1950 to 350 million in 1975, and it is expected to reach 2 billion in
2050 (Scherbov et al., 2018; United Nations, 2017). In this paper, we define active seniors
as middle-class retirees, who are financially stable and socially and economically active;
and those with a high purchasing power who actively invest in their health, leisure, cul-
ture, looks, and self-development (Neugarten, 1982). The concept of “active seniors” and
age standards vary depending on political, economic, social, and cultural circumstances.
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However, the consensus among researchers (Kim & Kim, 2018; Song, 2011) is that
among the elderly in their 50 s and 60 s, active seniors are young in their minds, engage
in various activities designed for the young population, and are active consumers based
on their stable financial status.

Active seniors have a high purchasing power. Thus, they have attracted attention from
various areas and are emerging as a new consumer group (Hazel & Gwendolyn, 1994;
Penick & Fallshore, 2005; Salusso et al., 2006; Thomas & Peters, 2009). In the US and
Japan, active seniors have already become mainstream consumer groups since the early
2000s (Sim, 2013). In line with this new trend, businesses are taking steps to transform
the main consumer market for products and services to be oriented toward active sen-
iors (Baek & Seo, 2018; Kim & Uh, 2019). According to the investment firm Merrill
Lynch, annual worldwide consumer spending by adults aged 60 is projected to increase
by more than double—from $7 trillion in 2017 to $15 trillion in 2020 (Nahal & Ma,
2014). The McKinsey Global Institute predicted that with the increase in the elderly pop-
ulation with purchasing power, the size of the market of the elderly friendly industry will
rapidly increase worldwide. This is expected to have a positive impact on the vitalization
of the overall economy (Dobbs et al., 2016). The apparel industry has also attracted inter-
est in active seniors who differentiate themselves from the existing Silver Generation. In
particular, elderly women are more interested in fashion and related trends, and they are
more active consumers than their male counterparts. Numerous studies have been con-
ducted on elderly women as one of the main active consumer groups (Chae, 2020; Kim,
2015; Kim & Lee, 2008). To maintain a young psychological age, senior women of the
New Silver Generation exhibit active spending habits in terms of health, esthetics, and
fashion. In line with these findings, the State of the Future report by the United Nations
expects that the apparel industry will be more oriented toward the Silver Generation and
female customers by the year 2040 (Bae, 2016; Park et al., 2014).

With the recent commercialization of three-dimensional (3D) whole-body scanners,
3D human body scan data are being utilized in various high-technology industries,
including the apparel, automobile, medicine, animation, and artifact restoration indus-
tries (Brown et al., 2009; Haleem & Javaid, 2019; Istook, 2008; Molenbroeka & Gotoa,
2015; Treleaven & Wells, 2007). This technology provides various forms of digitalized
information by acquiring 3D geometry information of human body parts, as well as by
enabling database construction and reuse of the same data. Therefore, in the apparel
industry, a wide range of research has been performed using 3D body scanning tech-
nology—from product design and production to service and marketing (Greder et al.,
2020). Further, this technology has been employed in the apparel industry to develop
anthropometric measurement and sizing systems, as well as for the development of rep-
resentative body types and 3D virtual fitting systems (Ashdown & Loker, 2010; Baytar &
Ashdown, 2015; Griffey & Ashdown, 2006; Pei et al., 2019; Song & Ashdown, 2015). It
has also been used to develop undergarments (including brassieres and corsets) as well
as sportswear (including golf wear and cycle wear) that better fit the human body (Han
& Yi, 2019; Jeong & Hong, 2010; Kim & Hong, 2012; Pei et al., 2020). Thus, in the apparel
industry, 3D scanning technology is regarded as indispensable for the future develop-
ment of the industry; therefore, research utilizing 3D scan data is being actively pursued
(Azouz et al., 2006; Connell et al., 2006; Istook & Hwang, 2001; Liu et al., 2017).
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The shape of the skull, which determines the shape of the head, varies with age and
gender; it also varies depending on race and ethnicity, as well as over generations (Ahn
& Suh, 2004; Ball et al.,, 2010; Du et al., 2008; Lee et al., 2019; Yoon & Jung, 2002). In
addition, the head shape changes according to changes in diet and lifestyle. Because indi-
vidual differences in the skull shape are greater than those in any other parts of the body,
continuous research on the head shape is required to develop a close-fitting head prod-
uct with a good fit (Kim, 2019a, 2019b; Koh et al., 2001). Wearable healthcare products
such as wristbands, watches, glasses, helmets, and hats are particularly useful for the
elderly because of their ability to continuously monitor individual health status in a non-
intrusive manner (Lee & Lee, 2011; Park et al., 2014; Sul, 2016). In this regard, wear-
able healthcare clothing accessories such as hats that predict stroke have recently been
developed for the elderly with an ever-increasing interest in health (Angelini et al., 2013;
Ariyatum et al., 2005; Lattanzio et al., 2014; Sul, 2016). Such clothing products serve the
dual function of providing both comfort and protection to maintain, promote, or restore
the health of the human body and add convenience to daily life. To design or manufac-
ture such healthcare clothing products, it is essential to obtain three-dimensional (3D)
information regarding the body shapes of consumers (Koo et al., 2017; Lee & Jeong,
2016; Park et al., 2014). The head is a suitable target for wearable healthcare devices such
as hats and helmets. However, human heads of the same size may have different geome-
tries (e.g., protruding and flat types). Therefore, such products must be developed based
on accurate measurements so that they are comfortable to wear for long periods of time
yet fit the head tightly. Otherwise, users may experience stuffiness or headaches, which
may force them to their abandon the item over time. Thus, it is necessary to identify the
geometrical characteristics of the head, classify head types, and develop hat patterns for
each type to produce hats with a close fit. It follows from the above discussion that it is
essential to obtain the 3D body shape data of consumers for the designing and manu-
facturing of healthcare clothing products with good ergonomics (Koo et al., 2017; Lee &
Jeong, 2016; Park et al., 2014).

In this regard, previous studies on 3D head scan data have compared images of 3D
heads between different races (Ball, 2009; Ball et al., 2010), developed representative
head shapes (Ball, 2009; Lee et al., 2018; Luximon et al., 2012; Oh, 1998; Zhuang et al.,
2010), and developed products related to headwear or face wear (Ahn & Suh, 2004; Kim
& Ahn, 2010; Kim & Kim, 2010; Lee, 2013; Meunier et al., 2000; Yang et al., 2009). In
addition, various studies have been conducted to categorize head shapes using 3D body
measurements and identify the geometry for each categorized type (Ahn & Suh, 2004;
Choi et al., 2009, 2010; Kim et al., 2006; Kim, 2019a, 2019b; Lim, 2004). However, most
of these previous studies did not sufficiently analyze the characteristics of head shapes in
elderly women.

This study presents standard head forms and prototype hat patterns for elderly
women that can be used for various purposes. Different head geometries were classi-
fied into several groups with common characteristics by using the 3D head scan data of
elderly women, and a standard head form was developed by identifying the characteris-
tics of each group. The standard head form can be used to design close-fitting hats and
to develop wearable smart clothing, including wearable healthcare products. Further-
more, design baselines were developed for each hat type. Ergonomic product designs
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created based on 3D modeling are expected to be used as the basic data for develop-
ing smart healthcare clothing products for active seniors. Furthermore, sustainability is
a trend that has attracted the attention of the apparel industry in recent times as con-
sumers are increasingly interested in production processes that use minimal resources
when producing apparel. Therefore, research focused on on-demand and made-to-
measure (MTM) clothing is being actively conducted (Gam et al., 2009; Jiang et al., 2018;
Shen, 2014). The standard head form and design baseline by type of hats developed in
this study are expected to be utilized as basic data for on-demand and MTM clothing
production.

Methods

This study used 3D head scan data from the 6th Size Korea Project conducted by the
Korean Agency for Technology and Standards (Korean Agency for Technology & Stand-
ards, 2012). The analysis was conducted on 201 elderly women aged between 60 and
69 years. This age group was selected because an examination of previous studies on
body shape changes in elderly women showed that distinct physical changes appeared in
the late 50 s (Choi, 1997; Choi et al., 2009; Kim, 2010, 2019a, b; Kim et al., 2006). In addi-
tion, Kim (2019a, 2019b) analyzed the head shape of adult women (20 s or older) using
3D scan data from the 6th Size Korea Project and reported that women in their 50 s and
60 s showed distinct differences in terms of changes in head shapes and characteristics.

The 3D whole-body scanner used in the 6th Size Korea Project (Hamamatsu BL Scan-
ning System, Japan) was a non-contact type whole-body scanner that extracted 3D sur-
face data using an infrared LED source. A circular landmark with a diameter of 10 mm
was attached to the body of the participants before scanning to help identify the refer-
ence point more accurately and quickly when extracting size dimensions from the head
measurement program. The scan data included noise and unscanned areas during the
scanning process, which were processed after the scan through a series of surface recon-
struction procedures, including cleaning and filling holes, by using Rapidform XOR3.

Among the 45 body measurements extracted from the 3D head scan data of elderly
women, 28 measurements related to the development of hat patterns were selected for
this study based on a literature review (International Organization for Standardization,
2017a, 2017b; Lee, 2013). These are listed in Table 1. IBM SPSS 15.0 was used for the
data analysis. Rapidform XOR3 and AutoCAD 2017 were used for the 3D scan data
analysis.

This study was conducted in four steps, as listed in Fig. 1. In step 1, the major char-
acteristics of the head geometries of elderly women were identified and classified into
different head types. To this end, head geometry components were analyzed using 28
3D head dimensions of 201 elderly women, and head types were classified. In step 2,
a standard head model representing elderly women was designed. A high-frequency
group was selected among the head types classified in step 1, and the standard head
model representing this group was developed. In step 3, close-fitting hat patterns that
can be developed into various designs were designed. Design baselines based on the
hat types were created on the standard head model developed in step 2, and the pro-
totype patterns were developed by converting 3D surfaces into 2D patterns. In step
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No

Measurement dimension No

Measurement dimension

1
2
3

— O 0 N O U1 N

o

Head circumference 15

Head height 16

Right tragion to vertex 17
height

Stomion to vertex height 18
Subnasale to vertex height 19
Pronasale to top of head 20
Sellion to vertex height 21
Glabella to vertex height 22
Morphologic face height 23

Right ectocanthus to top 24
of head

Menton-subnasale length 25

Sagittal arc of head 26

Occiput to right ectocan- 27
thion distance

Tragion to glabella 28

Sellion to wall
Otobasion superius to sellion

Occiput to right tragion
distance

Ectocanthus to tragion
Sagittal arc

Bitragion arc
Bitragion-menton arc
Bitragion-sellion arc
Bitragion-subnasale arc
Head breadth

Inter-otobasion superius
breadth

Bitragion breadth
Menton to glabella

Glabella to stomion

4, the suitability of the developed prototype patterns was verified by comparing the
areas of the 3D standard head model with those of the 2D patterns.

Results

3D head type classification for elderly women

Classification of head size types using absolute values

Factor analysis was conducted using 28 items to identify the major head geometry

components. A principal component model was used for the factor analysis. To clar-

ify the nature of the factors, an orthogonal rotation method (varimax method) was
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Classification of 3D head types of elderly women

* 283D head dimensions of 201 elderly women
* Extraction of major head geometry components
* 3D Head type classification

Development of standard head form for elderly women

» Target group selection from the classified head type group
» Averaged wire frame composition
+ Standard head form generation

Development of basic patterns by hat type

 Classification of hat types according to the degree of head cover
v * Design baseline creation by type of hat
* Basic pattern development by flattening 3D model

Suitability verification

* Comparison of area between 3D head model and 2D pattern

Fig. 1 Research process flow chart

Table 2 Factor analysis results using absolute values

Item Factor1 Factor2 Factor3 Factor4 Explanation
Sellion to vertex height .960 —.012 181 127 Length of the upper head
Glabella to vertex height .947 —.122 108 113

Right ectocanthus to top of head 943 076 110 129

Menton to glabella —.064 953 064 208 Face length
Morphologic face height —.203 876 —.049 188

Glabella to stomion 208 .864 156 090

Ectocanthus to tragion 052 097 939 139 Face thickness
Tragion to glabella 290 035 .897 119

Sagittal arc of head 122 192 77 .895 Head size
Head circumference 191 222 093 892

Total 2935 2.541 1.814 1.763 -

% of variance 29.354 25405 18.137 17.627

Cumulative % 29.354 54.760 72.897 90.524

Italic values indicate high loading values

used. Four factors were extracted, and their cumulative contribution rate was found
to be 90.524% (see Table 2).

As can be observed from the table, Factor 1 comprises three items: sellion to vertex
height, glabella to vertex height, and right ectocanthus to the top of the head. These are
associated with the vertical length of the head that excludes the face from the entire
head height; they can thus be interpreted as factors representing the “length of the
upper head” Similarly, the items related to Factor 2 (comprising menton to glabella,
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Table 4 Characteristics by head type by cluster classification of absolute values

Head type Classification Characteristic
Type 1 (n=74,36.8%) Small head with long upper head  Head type with the longest length of
type the upper head
For face length and face thickness,
normal
Head type with the smallest head
size
Type 2 (n=76, 37.8%) Protruded face and large head type For length of the upper head and

face length, normal
Head type with the largest face thick-
ness and head size

Type 3 (n=51,25.4%) Head type with a long face For length of the upper head, face
thickness, and head size, normal
Head type with the longest face
length

morphologic face height, and glabella to stomion) are associated with the vertical
lengths of the eyes, nose, and mouth and can thus be interpreted as factors representing
the “face length”; those related to Factor 3 (comprising ectocanthus to tragion and tra-
gion to glabella) are associated with the thickness of the face and can be interpreted as
factors representing “face thickness”; and those related to Factor 4 (comprising sagittal
arc of head and head circumference) are associated with thickness and circumference of
the head and can be interpreted as factors representing the “head size”

To classify the head shape of elderly women, cluster analysis was performed using the
factor scores obtained from the factor analysis. Cluster analysis classified the head shape
into three different clusters. To examine the characteristics of each type, analysis of vari-
ance was performed on the factor scores for each type. The results of analysis of variance
confirmed significant differences between clusters for all factors (Table 3).

Based on these results, the characteristics of each cluster type can be summarized as
follows (see Table 4). For type 1, the length of the upper head was the longest, whereas
the face length and thickness were found to be average. The head size was the smallest,
thereby showing the characteristic of a “small head with long upper head” For type 2,
the length of the upper head and the face length were close to the average, but the face
thickness and the head size were the largest, thereby exhibiting the characteristic of a
“protruded face and large head.” For type 3, the face length was the largest, and the over-
all head height was also found to be the largest, thereby showing the characteristic of a
“head with a long face”

Classification of head shape types using index values

The human body exhibits various characteristics and shapes depending on the size of
the skeleton, the level of muscle development, the thickness and location of the subcu-
taneous layer, and posture. The outline of the body can be described in terms of size
and shape. Because items related to body size and obesity account for a large part of the
absolute values obtained by anthropometric measurements, it is highly likely that the
body shape is classified based on the size of the body (Choi, 1997; Kim & Choi, 2009). In
this study, to minimize the influence of size and extract characteristics of the head shape,
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Table 5 Factor analysis results using index values

Item Factor 1 Factor 2 Factor 3 Factor 4 Explanation
Right tragion to vertex height/HH .872 213 —.114 —.067 Head size Ratio
Bitragion arc/HH .848 .080 075 104

Sagittal arc/HH .790 —.076 280 —.023

Sagittal arc of head/HH 705 262 282 242

Sellion to vertex height/HH —.130 —.929 —.167 060 Face length Ratio
Menton to glabella/HH .100 911 197 047

Glabella to stomion/HH 110 858 21 —.053

Bitragion-menton arc/HH 012 220 .909 250 Face width Ratio
Bitragion-subnasale arc/HH 149 166 850 376

Bitragion breadth/HH 237 173 .840 —.063

Tragion to glabella/HH 033 —.144 085 .929 Face thickness Ratio
Ectocanthus to tragion/HH 092 066 256 .905

Total 2727 2.686 2.587 1.974

% of variance 22.726 22.386 21557 16.452

Cumulative % 22.726 45112 66.668 83.121

Italic values indicate high loading values
HH head height

factor analysis was performed using the index values obtained by dividing each measure-
ment item by the vertical length of the head. As a result of factor analysis, four factors
were extracted, and their cumulative contribution percentage was 83.121% (Table 5).

Factor 1 is related to the size of the head, such as the width, thickness, height, and
length of the head, and represents the “head size ratio.” Similarly, Factor 2 is related to
the position and length of the mouth and eyes and represents the “face length ratio”;
Factor 3 is related to the width of the face and represents the “face width ratio”; and Fac-
tor 4 is related to the thickness of the face and represents the “face thickness ratio” As a
result of analyzing the data using the index value, we found that the “face width ratio” is
a new factor that was not extracted using the absolute values, and that factors reflecting
the head shape rather than the size were extracted.

Cluster analysis results using the factor scores derived from the factor analysis classi-
fied the head shape into three clusters. Analysis of variance confirmed that clusters for
all factors significantly differed; the mean of the index values between cluster types was
compared. The results are summarized in Table 6.

As a result of analyzing the type of head using the index values, the head shape was
classified into three types as follows: “A slim head type with a long ratio of the upper part
of the sellion,” “A long head type with a short ratio of the upper part of the sellion,” and
“A wide head type with normal face length ratio” The characteristics of each cluster are
listed in Table 7.

After analyzing the distribution of head types classified using absolute values and head
types classified using index values, groups that fell under “Small head with long upper
head type” and “A slim head type with a long ratio of the upper part of the sellion” were
identified as groups with high frequency; 23.4% of the total was analyzed to fall under
these types (Table 8).
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Table 6 Results of analysis of variance by factor score of index values (unit: mm)

Dimension Total (n=201) Type 1(n=102) Type 2 (n=51) Type 3 (n=48) f-value
M SD M SD M SD M SD
Head size  Righttragionto 611 033 594 027 637 028 620 032 42.715%*
ratio vertex height/ C A B
HH
Bitragion Arc/HH 1.638 .062 1.604 048 1.674 052 1.674 057 47 4477
B A A
Sagital Arc/HH  1.290 .055 1.260 037 1.330 058 1310 048 45.681%**
@ A B
Sagittalarcof ~ .826  .037 806 028 844 037 850 030 44.986***
head/HH B A A
Face length Sellion to vertex 502 .027 512 026 486 023 .500 027 17.625%%*
ratio height/HH A C B
Menton to 602 027 593 026 614 025 610 027 14.415%*%
glabella/HH B A A
Glabella to 178 019 173 017 .188 019 179 019 12.745%**
stomion/HH B A B
Face width  Bitragion-men- 1.392 .073 1.364 062 1.395 067 1.447 069 26.344%%%
ratio ton arc/HH C B A
Bitragion-subna- 1.248 .064 1.220 052 1.251 055 1.305 058 41.048***
sale arc/HH C B A
Bitragion 673 038 654 027 .694 038 690 035 35470%%*
breadth/HH B A A
Face Tragion to 382 032 377 023 355 021 419 022 109.457%**
thickness  glabella/HH B C A
ratio Ectocanthusto 306 025 300 020 292 020 335 018 74.254%**
tragion/HH B C A

Italic values indicate items that best represent each type of characteristic
Letters represent Duncan grouping (A>B>C)

M mean, SD standard deviation, HH head height

*** p<.001

Development of standard head form for elderly women

Target group selection for the development of a standard head form

Based on these results, five representative subjects from the high-frequency group
(“small head with long upper head type” and “a slim head type with a long ratio of the
upper part of the sellion”) were selected as the analysis targets for modeling the standard
head form (“target group”).

Averaged wire frame composition

Extraction of head geometry characteristic cross-sections From the 3D head scan data of
the target group, five characteristic cross-sections were extracted, including the midsagit-
tal plane, head circumference plane, tragion vertical plane, tragion horizontal plane, and
neck circumference plane. Table 9 describes these characteristic cross-sections.

Creation of head geometry average cross-sections Based on the characteristic cross sec-
tions extracted from the target group, average cross-sections were created by measuring
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Table 7 Characteristics by head type by cluster classification of index values

Head type Classification Characteristic

Type 1 (n=102, 50.7%)

Type 2 (n=51,25.4%)

Type 3 (n=48, 23.9%)

A slim head type with a long ratio of Compared with the head height, the
the upper part of the sellion length ratio above the sellion is
longer and the proportion of the
face length is thinner and smaller

A long head type with a short ratio Compared with the head height, the
of the upper part of the sellion length ratio above the sellion is
shorter and the proportion of the
face length is longer, a flat-headed
figure

A wide head type with normal face A head shape with a normal face
length ratio length ratio and a wide face

Table 8 Head type distribution in elderly women (unit:N, %)

Classification of head shape types using index values  Total

Aslim head type A long head type A wide head
with along ratio with a shortratio type with normal
of the upper part of the upper part face length ratio

of the sellion of the sellion
Classification of Small head with 47 (23.4%) 22 (10.9%) 5(2.5%) 74 (36.8%)
head size types long upper
using absolute head type
values Protruded face 25 (12.4%) 12 (6.0%) 39(19.4%) 76 (37.8%)
and large head
type
Head type with a 30 (14.9%) 17 (8.5%) 4 (2.0%) 51 (25.4%)
long face
Total 102 (50.7%) 51 (25.4%) 48 (23.9%) 201 (100.0%)

Italic values indicate group with high frequency

Table 9 Reference planes of the head selected for 3D modeling

No Reference plane Definition

1 Midsagittal plane Vertical plane through the glabella

2 Head circumference plane  Cross plane through the glabella and
occiput

3 Tragion vertical plane Vertical plane through the tragion

4 Tragion horizontal plane Horizontal plane at the tragion level

5 Neck circumference plane  Cross plane from the back-neck curve

Midsagittal plane

Neck Circumference plane

point to the chin curve point

Tragion vertical plane

r Midsagittal plane
Head Circumference plane
Glabella
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Averaged
wire
frame

Standard
head form

a b c d

Fig. 2 Results of averaged wire frame generation and standard head form. a Front view; b right view; ¢ SE
Isometric view; d top view

Table 10 Error verification of standard head form and averaged wire frame (unit: mm)

Measurement dimension Averaged wire Standard head form Difference
frame (A) (B) (B-A)

Head circumference 547 547

Flatness (head breadth/head length) 0.85 0.85

Sagittal arc of head/head height 313 312 —1

Tragion to top of head/head height 0.59 0.59 0

Sellion to top of head/head height 0.51 0.51 0

Bitragion-menton arc/head height 1.36 1.35 —0.01

Tragion to glabella/head height 038 0.39 0.01

the length from the center of the cross-section at intervals of 1° by using the averaging
technique suggested by Park et al. (2011).

Wire frame generation The averaged wire frame of a target group was generated by tak-
ing horizontal cross-sections and vertical section curves from the 3D head scan dataset.
Based on the completed average cross-sections, a wire frame was assembled (see Fig. 2).

Modeling of standard head form

To model the standard head form, surface modeling was performed by reflecting the cur-
vature of the wire frame. Figure 2 shows the standard head form developed in this study for
elderly women. The standard head form is a 3D geometrical model that includes the aver-
age dimensions of the high-frequency group, and also the geometrical characteristics of the
head. Therefore, it is possible to design hats that provide an ergonomic fit across various
age groups of the elderly women.
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Table 11 Classification of hat types according to degree of head cover

Classification Definition

Type 1 (crown type) A type that protects the upper head based on the head circumference line
Type 2 (hood type) A type that protects the upper head based on the line connecting the glabella and inion

Type 3 (helmet type) A type that protects the ear areas and the upper head based on the line connecting the
glabella, gonial angle, and inion

Type 4 (pullover type) A type that protects the entire head except the eye areas

Crinion

Occiput Glabella

Inferiot Orbitale
Inion

Back neck
curve point

Chin curve point

c d

Fig. 3 Results of design baseline creation by hat type. a Crown type; b hood type; ¢ helmet type; d pullover
type

When dimensional errors between the standard head form and the averaged wire frame
were verified, all items were found to be included within an error range of &1 mm accord-
ing to ISO 20685-1 (International Organization for Standardization, 2018). This verification
process confirmed that the developed standard head form is a model that represents the
high-frequency group (see Table 10).

Development of prototype patterns by hat type

Creation of design baselines

Four hat types were considered to develop various hat designs. Table 11 lists the hat types
classified according to the degree of head cover. Figure 3 shows the design baselines of each
hat type created based on the standard head form.
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Fig. 4 3D block and triangular curved mesh creation for pattern development. a Front view; b right view; ¢
back view

Creation of matrices for pattern development
3D blocks were set by referring to the design baselines of each hat type. To flatten the 3D
blocks into 2D patterns, triangular curved meshes were created for each block (see Fig. 4).

Development of 3D prototype hat patterns

Prototype patterns for each hat type were developed by converting the triangular curved
meshes created on the standard head form into 2D patterns based on the flattening tech-
nique (see Table 12) suggested by Park et al. (2011).

Suitability verification
To verify the suitability of the developed prototype hat patterns, the areas of the 3D
models were compared with those of the corresponding 2D patterns. When their areas
were measured and compared for each hat type, it was found that the area of the 2D pat-
tern was 3.76 mm? (1.40%) smaller than that of the 3D model for the crown type, 4.57
mm? (1.39%) smaller for the hood type, 4.61 mm? (1.21%) smaller for the helmet type,
and 3.10 mm? (0.54%) smaller for the pullover type.

Choi et al. (2006) suggested that when the 3D human body scan data are developed in
a 2D plane pattern, both accuracy and efficiency can be simultaneously satisfied if the
ratio of the difference in areas between the 3D shape and the corresponding 2D plane
piece is less than 2.22%.

Because the error between the 2D pattern and the 3D model was less than 5 mm?
(1.40%) for all hat types, it was confirmed that the developed 2D patterns reflected the
corresponding 3D models (see Table 13).

Discussion

To develop a clothing product with high consumer satisfaction, the structure, function,
and geometry of the human body must be properly identified, and its size or geometry
must be quantified and incorporated in the pattern design (Kim & Ahn, 2010; Kim &
Choi, 2009; Kim & Kim, 2010). In this study, by using 3D scan data, the structure of
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Table 12 Results of prototype pattern development by hat type

Classification Crown type Hood type Helmet type Pullover type

3D blocks

3D patterns

the head and its 3D shape were characterized, and this information was converted into
numerical data through 3D design technology to design a prototype hat pattern. Using
the results obtained in this study, we confirmed that the use of 3D scan data and 3D
design technology enables the design of close-fitting hats with a high level of fit in terms
of shape. The developed ergonomic hat pattern design technology presented herein is
expected to improve the wearing comfort of high-value-added products designed for
active seniors.

Previous studies that developed a hat prototype pattern using a 3D head model are
outlined as follows. Oh (1998) developed a model of an average head for women in their
20 s, and by using this head model, three types of hat patterns were developed: toque,
beret, and conical hat. However, because only the head circumference dimension was
used when developing the head model, the characteristics of the head shape were over-
looked in the design. Because the difference in individual body shape increases with
increasing age for elderly women, to improve the overall fit, it is necessary to classify the
body shape by analyzing the factors representing shape as well as the factors related to
size (Kim & Choi, 2009). In this study, we classified the head shape of elderly women by a
size factor using the absolute and index values.

Kim and Ahn (2010) reported that 3D anthropometric measurements capture various
forms of information that are difficult to collect using the conventional method; thus,
with the use of 3D scan data, hat patterns can be designed with more ease and accu-
racy. In addition, to develop a cap with good comfort of fit, the following six points were
proposed as the main reference points for hat pattern production: crinion, forehead
midpoint, glabella, superior auricle, occiput, and inion. In this study, in addition to the
reference points presented by Kim and Ahn (2010), the inferior orbitale, menton, chin
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Table 13 Verification of the developed prototype hat patterns (unit: mm?, %)

Type of Area measurement Area
hat
3D model 2D prototype pattern No 3D 2D B-A
model pattern
(A) (B)
Crown 1 62.73 61.09 —1.64
type
2 59.17 58.96 —021
3 67.71 66.66 —1.05
4 7778 76.92 —0.86
Sum 26739  263.63 —3.76 (— 1.40%)

Now N

wn
c
3

Hood 1 6487 6385  —102
type 6826 6743  —083
8633 8543  —090
11002 10821  —182

32949 32492  —457 (—1.39%)

Helmet 1 3726 3633  —093
type 2 9414 9393 —021
Q 3 8633 8543  —090
4 11002 10821 —1.82
/<1 5 5341 5266  —075

Sum 38117 37656  —461(—121%)

NowoN

Pullover 1 3726 3633 —093
type

9414 9393 —021

Q 8633 8543  —090

/<1 11002 10821  —182

5 8187 8152  —034

6 6165 6141  —024

7 47.66 48.40 0.74
8 50.53 51.12 0.59
Sum 56946  566.36 —3.10 (= 0.54%)

curve point, gonial angle, and back neck curve point were used as reference points for
hat pattern design. This is because the hat developed in this study was designed with
more emphasis on the functionality of protecting the head rather than fashion.

Kim and Kim (2010) reported that to make a hat with good fit for the head, wearing
comfort, and good visual looks, the design must be based on the accurate calculation
of the size and shape of the head. To this end, the use of 3D head scan data was found
to be effective. They compared the wearing state of a hat fabricated using the tradi-
tional method and a hat fabricated using 3D data and reported that hats made using 3D
data showed higher wearing comfort than those made using the existing method. They
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designed a pattern divided into six pieces to produce a crown-shaped hat and reported
that increasing the number of pieces of a pattern provides a better fit of the head shape.
In this study, a crown-shaped hat pattern using four pieces was designed. While the
number of pattern pieces was fewer compared with that used by Kim and Kim (2010),
the result confirmed that the fit of shape was maintained. Moreover, the use of fewer
pieces is more suitable from the point of view of production efficiency.

Ahn (2004) reported that most hat makers use only one dimension of the head circum-
ference when designing hat patterns and, for other dimensions, they adjust the dimen-
sions arbitrarily according to the design. This is because the sizing systems for hats are
not as detailed as that for apparels (Lee & Do, 2003; Lim, 2004). For example, the sizing
system for hats (Korean Industrial Standards 2019: KS K 0059) specified in the Korean
Industrial Standard includes a size standard for headwear with 1 cm intervals based on
the head circumference only. Even in the international standard (ISO), only the size labe-
ling method is used for headwear (International Organization for Standardization, 1977:
ISO 4417); moreover, for general hats other than protective gear, the sizing systems are
not separately specified. Ahn (2004) reported that owing to the diversified demands of
modern-day consumers, hat makers require scientific hat pattern design technology, and
that they are particularly interested in the standard head models of consumers. In this
study, a standard head model was developed and a hat design method incorporating the
characteristics of the standard head model was proposed. Thus, it is expected that the
findings of this study will provide the data necessary for hat makers that produce close-
fitting headwear.

The combination of digital technology and fashion has enabled the commercialization
of virtual shopping and virtual fitting services (Bae, 2016; Park et al., 2014). The 3D head
model and digitalized hat pattern developed in this study are expected to provide the
basic data necessary for virtual shopping and virtual fitting services. By using the stand-
ard head model and pattern developed by this study, it is possible to virtually check the
products in a state closely resembling the real product without going through the actual
production process, thereby reducing the production costs for hat makers.

Conclusion

Because active seniors are considerably interested in health and outside activities, such
as trips, sports, and leisure, related services and products are being actively launched.
Among them, there is a growing demand for close-fitting hats that can protect the heads
of elderly people and wearable smart headwear. For the design and production of such
products, it is important to obtain accurate head geometry information for elderly peo-
ple. In this study, we developed prototype hat patterns for elderly women that can be
used for various purposes in an aging society.

Because this study was conducted on elderly women in South Korea, careful consid-
eration is required in the interpretation and application of the results obtained in this
study. If further research can be conducted on a larger number of samples for target
groups with various classifications, it will contribute to improving the fit of headwear
products with close fit to the head and also provide basic data to related industries

requiring head-related information such as medicine, beauty, and marketing.
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Despite remarkable advancements in 3D scanning technology, there are still chal-
lenges to be tackled. One of them is processing areas where holes are made because they
cannot be scanned, such as areas between fingers, armpits, groin areas, and the crown
of the head. In addition, problems such as measurement errors caused by the volume of
the hair when scanning the head area should be addressed. If unresolved, owing to the
volume of the hair, the 3D measurement value can become larger than the manual meas-
urement value. In future studies, further investigation is required on how factors related
to the volume of hair affect the design of hats.

Abbreviations
ISO: International Organization for Standardization; 3D: Three-dimensional; 2D: Two-dimensional; MTM:
Made-to-measure.

Acknowledgements
This research was supported by Dong-Seoul University in 2017.

Authors’ contributions
KC designed of the work and interpreted the data. JJ, YR and SP obtained and analyzed the data and have drafted the
work. All authors read and approved the final manuscript.

Funding
This research received no external funding.

Availability of data and materials
Not applicable.

Declarations

Competing interests
The authors declare that they have no competing interests.

Author details

'Instructor, Department of Fashion Design, Dong-Seoul University, 76, Bokjeong-ro, Sujeong-gu, Seongnam-si, Gyeo-
nggi-do 13117, Republic of Korea. “Instructor, Department of Fashion Design, Dong-Seoul University, 76, Bokjeong-ro,
Sujeong-gu, Seongnam-si, Gyeonggi-do 13117, Republic of Korea. >Professor, Department of Fashion Design, Dong-
Seoul University, 76, Bokjeong-ro, Sujeong-gu, Seongnam-si, Gyeonggi-do 13117, Republic of Korea. *Associate Professor,
Department of Fashion Design, Konkuk University, 322 Danwol-dong, Chungju-si 27478, Republic of Korea.

Received: 27 July 2020 Accepted: 22 March 2021
Published online: 15 July 2021

References

Ahn, Y. S. (2004). A Study on the Head Type of Korean for Headgear Pattern Making [Unpublished doctoral dissertation].
Hanyang University, Seoul, Korea.

Ahn, Y. S, & Suh, M. A. (2004). A study on the head type of Korean women's for headgear pattern making. The Research
Journal of the Costume Culture, 12(6), 1021-1030.

Angelini, L, Caon, M., Carrino, S., Bergeron, L., Nyffeler, N., Jean-Mairet, M., & Mugellini, E. (2013). Designing a desirable
smart bracelet for older adults. Proceedings of the 2013 ACM conference on pervasive and ubiquitous computing adjunct
publication, 425-434. https://doi.org/10.1145/2494091.2495974.

Ariyatum, B, Holland, R, Harrison, D., & Kazi, T. (2005). The future design direction of smart clothing development. Journal
of the Textile Institute, 96(4), 199-210. https://doi.org/10.1533/joti.2004.0071.

Ashdown, S., & Loker, S. (2010). Mass-customized target market sizing: Extending the sizing paradigm for improved
apparel fit. Fashion Practice, 2(2), 147-173. https://doi.org/10.2752/175693810X12774625387396.

Azouz, Z. B, Rioux, M., Shu, C, & Lepage, R. (2006). Characterizing human shape variation using 3D anthropometric data.
The Visual Computer, 22(5), 302-314. https://doi.org/10.1007/500371-006-0006-6.

Bae, Y. J. (2016). Foresight in future fashion in Korea applying futures research methodology [Unpublished doctoral disserta-
tion]. Seoul National University, Seoul, Korea.

Baek, K., & Seo, I. (2018). The case study of the current senior shift in fashion and beauty brand. The Research Journal of the
Costume Culture, 26(1), 56—72. https://doi.org/10.29049/rjcc.2018.26.1.056.

Ball, R. (2009). 3-D design tools from the SizeChina project. Ergonomics in Design, 17(3), 8-13. https://doi.org/10.1518/
106480409X12487281219931.

Ball, R, Shu, C, Xi, P, Rioux, M., Luximon, Y., & Molenbroek, J. (2010). A comparison between Chinese and Caucasian head
shapes. Applied Ergonomics, 41(6), 832-839. https://doi.org/10.1016/j.apergo.2010.02.002.


https://doi.org/10.1145/2494091.2495974
https://doi.org/10.1533/joti.2004.0071
https://doi.org/10.2752/175693810X12774625387396
https://doi.org/10.1007/s00371-006-0006-6
https://doi.org/10.29049/rjcc.2018.26.1.056
https://doi.org/10.1518/106480409X12487281219931
https://doi.org/10.1518/106480409X12487281219931
https://doi.org/10.1016/j.apergo.2010.02.002

Jun et al. Fash Text (2021) 8:26 Page 19 of 21

Baytar, F, & Ashdown, S. (2015). An exploratory study of interaction patterns around the use of virtual apparel design and
try-on technology. Fashion Practice, 7(1), 31-52. https://doi.org/10.2752/175693815X14182200335655.

Brown, N., Laing, R., & Scott, J. (2009). The doocots of aberdeenshire: An application of 3D scanning technology in the
built heritage. Journal of Building Appraisal, 4(4), 247-254. https://doi.org/10.1057/jba.2009.9.

Chae, J. M. (2020). Clothing purchase behavior of active senior—differences according to gender and shopping orienta-
tion types. Fashion & Textile Research Journal, 22(1), 25-37. https://doi.org/10.5805/SFT1.2020.22.1.25.

Choi, Y. K. (1997). Shape classification of body type on adult female and its variation of size and shape according to their
age [Unpublished doctoral dissertation]. Seoul National University, Seoul, Korea.

Choi, Y. L, Kim, J. S, & Nam, Y. J. (2009). Classification of head shape and 3-dimensional analysis for Korean women. Fash-
ion & Textile Research Journal, 11(5), 779-787.

Choi, Y.L, Kim, J. S, & Nam, Y. J. (2010). Classification of head shape and 3-dimensional analysis for Korean men. Fashion &
Textile Research Journal, 12(6), 812-820. https://doi.org/10.5805/KSCI.2010.12.6.812.

Choi, Y, Nam, Y., & Choi, K. (2006). Optimal matrix standardization for pattern flattening using grid method-focused on
young women'’s upper front shell. Journal of the Korean Society of Clothing and Textiles, 30(8), 1242-1252.

Connell, L. J, Ulrich, P.V,, Brannon, E. L, Alexander, M., & Presley, A. B. (2006). Body shape assessment scale: Instrument
development for analyzing female figures. Clothing and Textiles Research Journal, 24(2), 80-95. https://doi.org/10.
1177/0887302X0602400203.

Dobbs, R, Remes, J., & Manyika, J. (2016). Urban world: the global consumers to watch. McKinsey Global Institute. https://
www.mckinsey.com/~/media/McKinsey/Featured%20Insights/Urbanization/Urban%20world%20The%20global%
20consumers%20to%20watch/Urban-World-Global-Consumers-Full-Report.pdf

Du, L, Zhuang, Z, Guan, H, Xing, J, Tang, X., Wang, L, Wang, Z, Wang, H,, Liu, Y, Su, W,, Benson, S., Gallagher, S., Viscusi, D.,
& Chen, W. (2008). Head-and-face anthropometric survey of Chinese workers. Annals of Occupational Hygiene, 52(8),
773-782. https://doi.org/10.1093/annhyg/men056.

Gam, H. J,, Cao, H, Farr, C, & Heine, L. (2009). C2CAD: A sustainable apparel design and production model. International
Journal of Clothing Science and Technology, 21(4), 166-179. https://doi.org/10.1108/09556220910959954.

Greder, K. C, Pei, J,, & Shin, J. (2020). Design in 3D: A computational fashion design protocol. International Journal of Cloth-
ing Science and Technology, 32(4), 537-549. https://doi.org/10.1108/1JCST-07-2019-0110.

Griffey, J.V, & Ashdown, S. P (2006). Development of an automated process for the creation of a basic skirt block pattern from
3D body scan data. Clothing and Textiles Research Journal, 24(2), 112-120. https://doi.org/10.1177/0887302X0602400205.

Haleem, A, & Javaid, M. (2019). 3D scanning applications in medical field: A literature-based review. Clinical Epidemiology
and Global Health, 7(2), 199-210. https://doi.org/10.1016/j.cegh.2018.05.006.

Han, C, &Yi, K. H. (2019). Design of brassiere pattern for big size breast women-based on 3D breast scanning data. Jour-
nal of the Korean Society of Clothing and Textiles, 43(2), 204-214. https.//doi.org/10.5850/JKSCT.2019.43.2.204.

Hazel, O. J, & Gwendolyn, S. O. (1994). Dress and appearance responses to perceptions of aging. Clothing and Textile
Research Journal, 12(4), 8-15. https://doi.org/10.1177/0887302X9401200402.

International Organization for Standardization. (1977). Size designation of clothes—headwear (ISO Standard No. 4417:
1977). https://www.iso.org/standard/10329.html

International Organization for Standardization. (2017a). Basic human body measurements for technological design—Part 1:
Body measurement definitions and landmarks (1SO Standard No. 7250-1: 2017). https://www.iso.org/standard/65246.
html

International Organization for Standardization. (2017b). Size designation of clothes. Part 1: Anthropometric definitions for
body measurement (ISO 8559-1: 2017). https://www.iso.org/standard/61686.html

International Organization for Standardization. (2018). 3-D scanning methodologies for internationally compatible anthro-
pometric databases—Part 1: Evaluation protocol for body dimensions extracted from 3-D body scans (ISO Standard No.
20685-1: 2018). https://www.iso.org/standard/63260.html

Istook, C. L. (2008). Three-dimensional body scanning to improve fit. Advances in Apparel Production. https://doi.org/10.
1533/9781845694463.1.94.

Istook, C. L, & Hwang, S. (2001). 3D body scanning systems with application to the apparel industry. Journal of Fashion
Marketing and Management, 5(2), 120-132. https://doi.org/10.1108/EUM0000000007283.

Jeong, Y. H., & Hong, K. H. (2010). Development of 2D patterns for cycling pants using 3D data of human movement and
stretch fabric. Korean Journal of Human Ecology, 19(3), 555-563. https://doi.org/10.5934/KJHE.2010.19.3.555.

Jiang, Q, Chen, L, Yang, C, & Zhang, J. (2018). Pattern preference analysis of black-and-white plaid shirts. Sustainability,
10(10), 3739. https://doi.org/10.3390/su10103739.

Kim, A, & Uh, M. K. (2019). Torso shape study of older women considering the senior shift. Journal of the Korea Fashion and
Costume Design Association, 21(4), 115-126. https://doi.org/10.30751/kfcda.2019.21.4.115.

Kim, C.H., & Ahn, Y. S. (2010). A study on measuring method for women's hat pattern-making and design development.
Journal of the Korean Society of Design Culture, 16(2), 157-167.

Kim, C.H, &Kim, G. H. (2010). A study on development of the basic hat pattern using 3D scan data for Korean women-focus-
ing on the 6 pieces crown. Fashion & Textile Research Journal, 12(3), 354-363. https.//doi.org/10.5805/KSC1.2010.12.3.354.

Kim, H.S., Vi, K. H., & Park, S. J. (2006). A study of standard head model for Korean adults by 3D measurement. Journal of
the Korean Society of Clothing and Textiles, 30(4), 542-553.

Kim, J. M. (2019). A convergent study on head and facial dimensions between women of different age groups by using
3D scan data. The Korean Society of Science & Art, 37(2), 87-99. https://doi.org/10.17548/ksaf.2019.03.30.87.

Kim, J. E, & Kim, E. K. (2018). A development of outdoor jackets for active senior males. Journal of the Korea Fashion and
Costume Design Association, 20(2), 31-46. https://doi.org/10.30751/kfcda.2018.20.2.31.

Kim, J. S, & Lee, S. J. (2008). A study on the spending behaviors, related to the cognitive age of the female consumers
in the elderly generation and different types of their lifestyles (Part 1). Journal of the Korean Society of Clothing and
Textiles, 32(10), 1535-1547. https://doi.org/10.5850/JKSCT.2008.32.10.1535.

Kim, K. S.(2010). Change pattern of body shape on chronological age of Korean adult women [Unpublished master’s thesis]. Seoul National
University, Seoul, Korea.


https://doi.org/10.2752/175693815X14182200335655
https://doi.org/10.1057/jba.2009.9
https://doi.org/10.5805/SFTI.2020.22.1.25
https://doi.org/10.5805/KSCI.2010.12.6.812
https://doi.org/10.1177/0887302X0602400203
https://doi.org/10.1177/0887302X0602400203
https://www.mckinsey.com/~/media/McKinsey/Featured%20Insights/Urbanization/Urban%20world%20The%20global%20consumers%20to%20watch/Urban-World-Global-Consumers-Full-Report.pdf
https://www.mckinsey.com/~/media/McKinsey/Featured%20Insights/Urbanization/Urban%20world%20The%20global%20consumers%20to%20watch/Urban-World-Global-Consumers-Full-Report.pdf
https://www.mckinsey.com/~/media/McKinsey/Featured%20Insights/Urbanization/Urban%20world%20The%20global%20consumers%20to%20watch/Urban-World-Global-Consumers-Full-Report.pdf
https://doi.org/10.1093/annhyg/men056
https://doi.org/10.1108/09556220910959954
https://doi.org/10.1108/IJCST-07-2019-0110
https://doi.org/10.1177/0887302X0602400205
https://doi.org/10.1016/j.cegh.2018.05.006
https://doi.org/10.5850/JKSCT.2019.43.2.204
https://doi.org/10.1177/0887302X9401200402
https://www.iso.org/standard/10329.html
https://www.iso.org/standard/65246.html
https://www.iso.org/standard/65246.html
https://www.iso.org/standard/61686.html
https://www.iso.org/standard/63260.html
https://doi.org/10.1533/9781845694463.1.94
https://doi.org/10.1533/9781845694463.1.94
https://doi.org/10.1108/EUM0000000007283
https://doi.org/10.5934/KJHE.2010.19.3.555
https://doi.org/10.3390/su10103739
https://doi.org/10.30751/kfcda.2019.21.4.115
https://doi.org/10.5805/KSCI.2010.12.3.354
https://doi.org/10.17548/ksaf.2019.03.30.87
https://doi.org/10.30751/kfcda.2018.20.2.31
https://doi.org/10.5850/JKSCT.2008.32.10.1535

Jun et al. Fash Text (2021) 8:26 Page 20 of 21

Kim, K. A. (2019). Development of slacks patterns for lower body types of 60's women using 3D body measurement
data [Unpublished doctoral dissertation]. Sungkyunkwan University, Seoul, Korea.

Kim, M. Y. (2015). Use of fashion information sources and fashion store selection criteria based on the subjective age of
new senior consumers. Journal of the Korean Society of Fashion Design, 15(1), 91-107.

Kim, S. A, & Choi, H. S. (2009). Body shapes of aged women applying 3D body scan data. The Research Journal of the
Costume Culture, 17(6), 1099-1111. https://doi.org/10.29049/rjcc.2009.17.6.1099.

Kim, S.Y, & Hong, K. H. (2012). Engineering design process of tight-fit sportswear using 3D information of dermatomes and skin
deformation in dynamic posture. Korean Journal of Human Ecology, 21(3), 551-565. https://doi.org/10.5934/KJIHE2012.21.2.551.

Koh, K. S, Han, S. H,, Song, W. C, Sohn, H. J,, Paik, D. J,, Kim, H. J, & Choi, B. Y. (2001). Secular changes of cephalic index in
Korean adults. Korean Journal of Physical Anthropology, 14(3), 177-185.

Koo, H.R, Jeon, D. J, & Lee, J. H. (2017). Research on heart rate sensing clothing design for seniors based on universal
fashion. Fashion & Textile Research Journal, 19(6), 692-700. https://doi.org/10.5805/SFT1.2017.19.6.692.

Korean Agency for Technology and Standards. (2012). The 6th SizeKorea 3D scan and measurement technology report.
Seoul: KATS. https://sizekorea.kats.go.kr/03_report/6th.asp

Korean Industrial Standards. (2019). KS K 0059: Sizing systems for hat.

Lattanzio, F, Abbatecola, A. M., Bevilacqua, R., Chiatti, C,, Corsonello, A, Rossi, L., & Bernabei, R. (2014). Advanced technol-
ogy care innovation for older people in Italy: Necessity and opportunity to promote health and wellbeing. Journal of
the American Medical Directors Association, 15(7), 457-466. https://doi.org/10.1016/jjamda.2014.04.003.

Lee, H.Y, Cha, S, Ban, H. J, Kim, .Y, Park, B. R, Kim, I. J, & Hong, K. W. (2019). The age distribution of facial metrics in two
large Korean populations. Scientific Reports, 9(1), 1-7. https://doi.org/10.1038/s41598-019-51121-z.

Lee, H.S, &Lee, J. J. (2011). A study on development of wearable technology based biker suits Part. 1. Journal of the
Korean Society of Costume, 61(8), 57-72.

Lee, J.H, & Do, W. H. (2003). Study on the sizing system of head gears. Korean Journal of Human Ecology, 12(4), 571-578.

Lee, J. H, & Jeong, K. S. (2016). A study on the commercialization technology development model of U-health smart
clothing-Focused on the ECG measuring smart clothing for people in 40s to 60s. Journal of the Korean Society of
Fashion Design, 16(2), 49-63.

Lee, W. (2013). Development of a design methodology of pilot oxygen mask using 3D facial scan data [Unpublisehd doctoral
dissertation]. Pohang University of Science and Technology, Pohang, Korea.

Lee, W, Lee, B, Yang, X, Jung, H., Bok, ., Kim, C., Kwon, O,, & You, H. (2018). A 3D anthropometric sizing analysis system
based on North American CAESAR 3D scan data for design of head wearable products. Computers & Industrial Engi-
neering, 117,121-130. https://doi.org/10.1016/j.cie.2018.01.023.

Lim, J. (2004). Characteristics and classification of head shape of college female student for the construction of head-
wears. Journal of the Korean Home Economics Association, 42(6), 103-110.

Liu, K, Wang, J, Zhu, C, Kamalha, E, Hong, Y., Zhang, J., & Dong, M. (2017). A mixed human body modeling method based
on 3D body scanning for clothing industry. International Journal of Clothing Science and Technology, 29(5), 673-685.
https://doi.org/10.1108/1JCST-10-2016-0115.

Luximon, Y, Ball, R, & Justice, L. (2012). The 3D Chinese head and face modeling. Computer-Aided Design, 44(1), 40-47.
https://doi.org/10.1016/j.cad.2011.01.011.

Meunier, P, Tack, D, Ricci, A, Bossi, L., & Angel, H. (2000). Helmet accommodation analysis using 3D laser scanning.
Applied Ergonomics, 31(4), 361-369. https://doi.org/10.1016/S0003-6870(00)00006-5.

Molenbroeka, J,, & Gotoa, L. (2015). The application of 3D scanning as an educational challenge. Proceedings of the 19th
Triennial Congress of the IEA, 2015.

Nahal, S., & Ma, B. (2014). The silver dollar-longevity revolution primer. Bank of America Merrill Lynch. https://ec.europa.eu/
research/innovation-union/pdf/active-healthy-ageing/merrill.pdf

Neugarten, B. L. (1982). The aging society. National Forum: The Phi Kappa Phi Journal, 62(4), 3.

Oh, S.(1998). A study on developing hat patterns of Korean young women [Unpublished master’s thesis]. Dongduk Women's
University, Seoul, Korea.

Park, S. M., Choi, K. M., Nam, Y. J, & Lee, Y. (2011). Multi-purpose three-dimensional body form. International Journal of
Clothing Science and Technology, 23(1), 8-24. https://doi.org/10.1108/09556221111096705.

Park, Y. S, Glenn, J, Gordon, T, & Florescu, E. (2014). Future UN report 2040. Kyobobooks.

Pei, J,, Griffin, L, Ashdown, S. P, & Fan, J. (2020). The detection of the upper boundary of breasts using 4D scanning technol-
ogy. International Journal of Fashion Design, Technology and Education, 14(1). https://doi.org/10.1080/17543266.2020.
1829097.

Pei, J, Park, H., & Ashdown, S. P. (2019). Female breast shape categorization based on analysis of CAESAR 3D body scan
data. Textile Research Journal, 89(4), 590-611. https://doi.org/10.1177/0040517517753633.

Penick, J. M., & Fallshore, M. (2005). Purpose and meaning in highly active seniors. Adultspan Journal, 4(1), 19-35. https://
doi.org/10.1002/j.2161-0029.2005.tb001 15 X.

Salusso, C. J,, Borkowski, J. J,, Reich, N, & Goldsberry, E. (2006). An alternative approach to sizing apparel for women 55
and older. Clothing and Textiles Research Journal, 24(2), 96—111. https://doi.org/10.1177/0887302X0602400204.

Scherbov, S.,, Andruchowitz, S, & Sanderson, W. (2018). Aging demographic data sheet 2018. International Institute for
Applied Systems Analysis. http://pure.iasa.ac.at/id/eprint/15052/1/AgingDemDataSheet2018_web.pdf

Shen, B. (2014). Sustainable fashion supply chain: Lessons from H&M. Sustainability, 6(9), 6236-6249. https://doi.org/10.
3390/5u6096236.

Sim, T. H. (2013). Global retail insights. Korea Chain Store Association.

Song, H. K, & Ashdown, S. P. (2015). Investigation of the validity of 3-D virtual fitting for pants. Clothing and Textiles
Research Journal, 33(4), 314-330. https://doi.org/10.1177/0887302X15592472.

Song, N. (2011). A study on the design of the smart silver town in urban type for active senior [Unpublished master’s thesis]. Hanyang
University, Seoul, Korea.

Sul, M. S. (2016). Al (artificial intelligence) & loT (internet of things) through smart health care service industrial develop-
ment. Korea Journal of Sports Science, 25(4), 599-612.


https://doi.org/10.29049/rjcc.2009.17.6.1099
https://doi.org/10.5934/KJHE.2012.21.2.551
https://doi.org/10.5805/SFTI.2017.19.6.692
https://sizekorea.kats.go.kr/03_report/6th.asp
https://doi.org/10.1016/j.jamda.2014.04.003
https://doi.org/10.1038/s41598-019-51121-z
https://doi.org/10.1016/j.cie.2018.01.023
https://doi.org/10.1108/IJCST-10-2016-0115
https://doi.org/10.1016/j.cad.2011.01.011
https://doi.org/10.1016/S0003-6870(00)00006-5
https://ec.europa.eu/research/innovation-union/pdf/active-healthy-ageing/merrill.pdf
https://ec.europa.eu/research/innovation-union/pdf/active-healthy-ageing/merrill.pdf
https://doi.org/10.1108/09556221111096705
https://doi.org/10.1080/17543266.2020.1829097
https://doi.org/10.1080/17543266.2020.1829097
https://doi.org/10.1177/0040517517753633
https://doi.org/10.1002/j.2161-0029.2005.tb00115.x
https://doi.org/10.1002/j.2161-0029.2005.tb00115.x
https://doi.org/10.1177/0887302X0602400204
http://pure.iiasa.ac.at/id/eprint/15052/1/AgingDemDataSheet2018_web.pdf
https://doi.org/10.3390/su6096236
https://doi.org/10.3390/su6096236
https://doi.org/10.1177/0887302X15592472

Jun et al. Fash Text (2021) 8:26 Page 21 of 21

Thomas, J. B, & Peters, C. L. O. (2009). Silver seniors: Exploring the self-concept, lifestyles, and apparel consumption of
women over age 65. International Journal of Retail & Distribution Management, 37(12), 1018-1040. https://doi.org/10.
1108/09590550911005001.

Treleaven, P, & Wells, J. (2007). 3D body scanning and healthcare applications. Computer, 40(7), 28-34. https://doi.org/10.1109/
MC2007.225.

United Nations. (2017). World population prospects: The 2017 revision, key findings and advance tables. United Nations.

Yang, J. J, Dai, J, & Zhuang, Z. (2009). Human head modeling and personal head protective equipment: A literature
review. International Conference on Digital Human Modeling. https://doi.org/10.1007/978-3-642-02809-0_70.

Yoon, H.Y, &Jung, S. G. (2002). A study of measurement on the head and face for Korean adults. IE interfaces, 15(2), 199-208.

Zhuang, Z, Benson, S., & Viscusi, D. (2010). Digital 3-D headforms with facial features representative of the current US
workforce. Ergonomics, 53(5), 661-671. https://doi.org/10.1080/00140130903581656.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1108/09590550911005001
https://doi.org/10.1108/09590550911005001
https://doi.org/10.1109/MC.2007.225
https://doi.org/10.1109/MC.2007.225
https://doi.org/10.1007/978-3-642-02809-0_70
https://doi.org/10.1080/00140130903581656

	Development of prototype hat patterns for elderly women based on three-dimensional modeling
	Abstract 
	Introduction
	Methods
	Results
	3D head type classification for elderly women
	Classification of head size types using absolute values
	Classification of head shape types using index values

	Development of standard head form for elderly women
	Target group selection for the development of a standard head form
	Averaged wire frame composition
	Extraction of head geometry characteristic cross-sections 
	Creation of head geometry average cross-sections 
	Wire frame generation 

	Modeling of standard head form

	Development of prototype patterns by hat type
	Creation of design baselines
	Creation of matrices for pattern development
	Development of 3D prototype hat patterns

	Suitability verification

	Discussion
	Conclusion
	Acknowledgements
	References




