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ABSTRACT

This paper describes the development of smart trousers for self-training purposes
during Covid-19, based on the requirements of two footballers from a Taiwanese Uni-
versity team. The two professional athletes aimed to be able to adapt their play as
a result of self-training data that would be received visually from the smart trousers.
The researcher collected feedback via two interviews, undertaken during the design
preparation and garment fitting phases to ensure the garment design would be ready
for production. The semi-structured interview technique and Kawakita Jiro method
were adopted by the researcher. Firstly, the study investigated the footballer’s prefer-
red smart trouser design in interview. Secondly, smart trousers were developed as
initial garment prototypes, both virtually and physically. Thirdly, after the two athletes
had been fitted with and worn the trousers for self-training purposes, the researcher
issued a questionnaire and conducted a second interview to collect wearer feedback.
The results showed that using both emulator data for a virtual prototype and physical
garment sample in the step of prototype development has high degree of accuracy to
assist pattern-making, fitting and sizing. The users’ feedback focused on three issues:
pocket size, comfort of hem stitching, and label position.
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INTRODUCTION

Covid-19 has had a huge impact on people’s lives, including those of athletes
(Fadlullah, Fouda, Pathan, Nasser, Benslimane and Lin, 2020). As Andreato,
Coimbra and Andrade (2020) pointed out in their paper, the major challen-
ges during the Covid-19 pandemic for athletes have been to maintain their
training regimens, good mental health and nutrition. Due to uncertainties
surrounding when they may be able to return to competitive sporting events,
many athletes have been required to maintain their level of physical activity
and discipline independently through self-training. According to Leppänen,
Aaltonen, Parkkari, Heinonen and Kujala (2014) and Meurer, Silva, Baroni
(2018) athletes are undertaking steps to guarantee retention of mobility, flexi-
bility, body weight exercises, core stabilization, balance, and proprioception
for injury prevention at home. The Fédération Internationale de Football
Association (FIFA) has suggested to footballers that they engage in running,
plyometric, strength and balance exercises, if they only have access to basic
equipment and limited space (Silvers-Granelli, Mandelbaum, Insler, Bizzini,
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Figure 1: The final three steps in developing this study’s smart garment.

Pohlig, Junge, Snyder-Mackler and Dvorak, 2015). Self-training at home
is also an important consideration for anyone needing to exercise particu-
lar muscles, and develop their skill level, either with or without equipment,
such as Switch, Nike Training Club (Tsai, 2020). Many professional sports,
including the National Basketball Association (NBA) (Li, Cao and Wang,
2019), Premier Soccer Leagues (Yu, Yu and Yu, 2018), and the Major League
Baseball (MLB), have adopted smart clothing as a tool to improve spor-
ting performance and injury prevention (Hanuska, Chandramohan, Bellamy,
Burke, Ramanathan, Balakrishnan, 2016).

In January 2022, the Asian Cup (AFC) was held in India, and the national
team of Taiwan football returned to this competition for the first time since
2008 (Yen, 2022). This team is looking forward to obtaining a sufficiently
high ranking to attend the FIFA world cup. There are five Taiwanese nati-
onal footballers who attend the school team at Fu Jen Catholic University.
Therefore, this research studied their preferences as the basis for the deve-
lopment of smart trousers to enhance the self-training performance of these
footballers during the Covid-19 pandemic.

METHODS

This study assisted Suh, Carroll, and Cassill (2010) with the product develo-
pment procedure. This research focused on prototype development, evalua-
tion and design alignment. The prototype development step included creating
virtual and physical smart trousers via CLO 3D (see Figure 1). For the eva-
luation step, two footballers answered the questionnaire, which employed a
five-point Likert scale. The IBM Statistical Package for the Social Sciences
(SPSS) Statistics 24 was used for data analysis. For the interviews, a semi-
structured format and the Kawakita Jiro method were implemented. In the
step for design alignment, the smart trousers were aligning by following the
users’ feedback. Moreover, based on the garment sizing chart for the footbal-
lers, the researcher was able to develop six sizes of smart trousers for male
and female football athletes.

Prototype Development

This study involved developing a prototype for smart trousers by adopting the
CLO 3D fabric kit, virtual garment prototype fitting and a pre-test of physical
garment fitting to collect evaluation data. Firstly, the researcher gained a data
set from the CLO 3D textile kit utilizing a stencil to cut the fabric, and using a
scale to measure textile weight, taking thickness gauge gain textile thickness,
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Figure 2: Using a stencil to cut fabric.

Figure 3: Scale for textile weight measurement.

Figure 4: Thickness gauge to measure textile.

adopting a stretch test and bending test (see Figure 2 to Figure 7) to build an
emulator data set for the textile kit (see Table 1).

Secondly, using the emulator data set in CLO 3D with the garment pattern
to establish virtual smart trousers to evaluate fit issues by following textile
kit data for each size and gender of avatars. Taking male and female trou-
sers in size M for example, these whole view evaluations helped to address
pattern-making problems before the garment construction step (see Figure 8
and Figure 9).

Thirdly, after constructing the smart trousers, this study used male and
female stands of size M to evaluate the design details for garment fit before
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Figure 5: Adopting a stretch test device to gain data.

Figure 6: Bending test device to collect textile bending data.

Figure 7: Digital force gauge and size.

Figure 8: Avatar fitting for female size M.

Figure 9: Avatar fitting for male size M.

live users physical fitting (see Figure 10 and Figure 11). The trouser samples
carried an electronic device from Zentan Technology, able to detect physio-
logical information, such as electrocardiography, global positioning system,
heart rate, cadence, running pace, speed, distance, and calories burned (see
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Table 1. Emulator for textile kit data.

CLO 3D Textile kit data list

Object

Textile Number SU-0140
Type Knitted fabric

Fabric density

Width/High(mm) 220.00x30.00
Weight(g) 4.66
Thickness(mm) 0.58

Measuring bending

Weft Warp Diagonal

Distance(mm) 9.65 10.1 9.9
Length(mm) 20.7 20.8 20.8

Measuring strength

weft warp diagonal
distance Strength distance Strength distance Strength

(mm) (kgf) (mm) (kgf) (mm) (kgf)

1 10 0.047 10 0.033 10 0.026
2 20 0.089 20 0.064 20 0.058
3 30 0.142 30 0.094 30 0.088
4 40 0.186 40 0.126 40 0.118
5 50 0.234 50 0.153 50 0.143

Figure 10: Physical garment fitting for female size M.

Figure 12). This electronic device can connect with a smart phone applica-
tion via blue tooth. This study adopted Wahoo Fitness as intermediate tool
for this example. It is available as a free to download sports application.
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Figure 11: Physical garment fitting for male size M.

Figure 12: This study uses the TP3 electronic device from Zentan Technology. Its
measurements are: length 6.5cm × width 3.5cm × depth 0.6cm.

Figure 13: Screenshot for exercise distance and time from the smart phone application
from one of the interviewees.

In March 2020 during the Covid-19 pandemic, the researcher invited a
male and a female University football team leader to participate: Mr. Hsu age
31 and Miss. Chen age 25. They were required to share their user feedback
after wearing the smart trouser, and to engage in self-training (both dyna-
mic and static). The smart trousers offer footballers exercise data visually,
including distance, time, the average and maximum heart rate, and running
dynamics (see Figure 13 to Figure 16).

Evaluation: Questionnaire and Interview

This questionnaire included twelve questions, two relating to the user’s back-
ground, five questions regarding satisfaction with the fit of the smart trousers,
one question about the electronic device, three questions on users’ subjective
feelings about the garment, and one question on expected selling price.
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Figure 14: This image showed heat rate information with average and maximum.

Figure 15: Five kinds of data analysis relating to heart rate.

Figure 16: Screenshot illustrating running dynamics.

1. Age
2. Gender
3. Smart trousers’ style
4. Smart trousers’ appearance
5. Functionality of textile
6. Garment fit while doing static training
7. Garment fit during sports training
8. Satisfaction with the function of the electronic device
9. Smart trousers’ suitability for self-training

10. Overall satisfaction
11. Likely to recommend the smart trouser to other athletes
12. Price range for purchase

The questionnaire was designed implementing a Likert scale for the five
variables.

5 - Very satisfied
4 - Somewhat satisfied
3 - Neutral
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Figure 17: Mr. Hsu took a photo wearing the garment for the pre-test in front of systems
for progressive exercise.

Figure 18: Mr. Hsu wore the smart trouser to practice with the football.

2 - Low satisfaction
1 - Dissatisfied
The data sets obtained were analyzed using IBN SPSS Statistics 26 and

Microsoft Excel 16.46 version.
When answering the questionnaires, the male and the female participants

selected very satisfied (5) for most of the questions. However, they expressed
low satisfaction (2) with regard to appearance (see Figure 17 to Figure 20).
Therefore, the researcher held two interviews to clarify the concerns. Both
identified three problems: need to increase the pocket size, to relocate the heat
transfer label, and improve the stitching at the hem to be more comfortable.

Design Aliginment

Due to the signal connection distance between electronic device and smart
phone being under 15 meters, the footballers requested the inclusion of a
pocket for their mobile phones on the lower body to retain a good signal. The-
refore, the smart trousers were redesigned to include a pocket wide enough
and deep enough to carry the largest mobile phone available at that time. The
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Figure 19: This study took the fit photo for the smart trousers statistically from a
pre-test by Miss Chen.

Figure 20: Miss Chen wearing the smart trousers to complete her exercises.

Figure 21: The pocket for carrying the smartphone is located at the back waist of the
lower body.

pocket width size was 14.5 centimeter (see Figure 21). The two footballers
both agreed the heat transfer label would be best located on the front flank
of the left leg (see Figure 22). The interviewees both indicated that using two
needle four thread stitch to link the hems of the trousers was lack comfor-
table. However, in the final design high elastic adhesive film was applied to
secure the trouser hem.
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Figure 22: This photo shows a heat transfer label layout in the front flank of the left leg
using high elastic adhesive film in the trousers’ hem to improve wearer comfort.

Table 2. The male smart trousers size chart in centimeters. (Huang et al., 2021).

Garment size Waist size Hip size Thigh size

S size 74.4 92.2 52.4
M size 79.8 96.8 55.3
L size 93.5 107 59

Figure 23: Four views of male smart trousers for size M.

Table 3. The female smart trousers size chart in centimeters. (Huang et al., 2021).

Garment size Waist size Hip size Thigh size

S size 67.7 89.63 50.5
M size 70.5 95.5 54.5
L size 76.8 100.3 57.3

Based on the sizing chart (Huang, Shih, Huang, Ho, 2021) and the body
measurements of the footballers, the researcher developed three sizes of
trouser patterns for the two genders (see Figure 23 and Figure).

CONCLUSION

This study developed an initial prototype for smart trousers based on vir-
tual and physical requirements for athletes’ self-training during Covid-19
pandemic. The researcher held interviews to collect garment fit data and feed-
back from two professionals. This included the opportunity to evaluate and
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Figure 24: Four views of female smart trousers for size M.

refine the trouser sample following their subjective comments, to prepare the
garment for production. There are three findings:

• The research utilized a textile kit with textile emulator data. It made virtual
three-dimensional garment in CLO 3D gaining a higher degree of accu-
racy compared with the traditional garment sampling procedure. This step
helped to resolve the garment sample problem before physical garment
construction.

• In the garment prototype step, the study employed questionnaires and
interviews to collect users’ feedback. The two interviewees indicated they
were well satisfied with the smart trousers’ style, textiles, garment sta-
tical and active fitting, the function of the electronic device as effective
for self-training and to recommend to other athletes. However, they were
concerned about pocket size in reference to the location of the smart
phone, the comfort of the stitching at the hem and the position of the
heat transfer label. The prototype was aligned with the user feedback

• Sizing charts for university footballers were consulted to develop six sizes
of garment for male and female footballers. The smart trousers are now
ready for garment production and further testing.
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