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Table 1. The statistics of the traffic accidents related to two-wheeled vehicle during 2019-2021.

Vehicle Sort of statistics 2019 2020 2021
Total accident 5,633 5,667 5,509
Bicycle Death 79 83 70
Total injury 6,020 6,150 5,999
Total accident 447 897 1,735
PM Death 8 10 19
Total injury 473 985 1,901
Total accident 18,785 18,584 18,624
Motor cycle Death 458 469 420
Total injury 23,915 24,016 24,125
Table 2. The primary accident type of the two-wheeled vehicle during 2019-2021.
Vehicle Primary sort (accident category) 2019 2020 2021
Bicycle Side collision (car-to-car) 2,487 2,201 2,255
Collision during cross walking (car-to-person) 245 214 169
Side collision (car-to-car) 142 273 514
M Collision during cross walking (car-to-person) 29 46 105
Motor cycle Side collision (car-to-car) 7,997 7,448 7,373
Collision during cross walking (car-to-person) 1,557 1,358 1,525
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Table 3. The previous cases of the wearable systems for two-wheeled vehicle users.

Cases Platform Functionality User interface
Buchley, 2008 Clothes Turn signal Switch on sleeves manipulating
Lee & Lee, 2011 Clothes Turn signal Distance sensing between arms and bodice
Carton, 2012 Glove Turn signal Finger movement input through flexible sensor and tilt switch
Chun & Lee, 2016 | Backpack Turn signal Remote control button manipulating
Kang, 2016 Module Turn signal Riding direction detecting through gyroscope
Ahn, 2016 Helmet Turn signal GPS location of user’s smartphone data detecting
Park & Kim, 2020 Clothes Turn shlgnal,‘stafn z.md Touch panel (button) on a sleeve manipulating
stop signal indication
Tsai et al., 2021 Helmet Turn signal Riding angle change detecting through 3-axis gyroscope
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Background of the problem

Increasing accident rate, the diversification of user age groups, increased number of users

Problem exploration—analysis

Structural and driving features
Low visibility, high speed,
quick turn, quick acceleration

Accident type and categories

The high rate of side colli—
sions due to low visibility

User interviews on risks

Reduced visibility, lack of
safety features

Problem identification: “the lack of visibility due to the compact size and high speed driving.”

Previous research case investigation and solution extraction

The previous approach needing refinemnet

Focused on the turn—signal function for
enhancing visibility.

Manual input interface needing users’ s
visionalry attention.

Full automatic direction detecting interface
including GPS having a concern of malfunction
and operational limitation in underground.

This study’ s supplementing approach

Expanding the visibility enhancing function to
driving, stop and emergency indication.

Intuitive gesture recognition interface that
does not need user’ s visionary attention to
concentrate the driving activities.

Intuitive and accurate gesture recognition
interface that the functions are activated by a
user’ s correct intention and can be used in
everywhere.

Goal: “Driving direction—situation indicating function and the precise gesture interface .”
Figure 1. The research process to configure the initial goal.
Table 4. The function operating scenario.
Function Operating scenario

Right turn signal
light on the clothing blinks.

When a user rapidly bends his/her neck to right side, the right turn signal lighting of the orange color

Left turn signal
light the clothing blinks.

When a user rapidly bends his/her neck to left side, the left turn signal lighting of the orange color on

Brake light

When a user rapidly nods his/her head, the brake lighting of the red color on the clothing is turned on.

Emergency flasher

clothing blinks.

When a user rapidly bends back his/her neck, the emergency flasher lighting of the orange color on the
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Case analysis

Structure of platform ———— Color/material application
NoEE | ..
/ \ |:| |:| Orange Yellow Green Reflective
Band i Vest | Utility wear ! material
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Wearability

for various users  Washability

LEDs and control
device Placement

Retro—reflective material
placement

VI el

Storiability

II <Front> <Side>

<Rear> <Front> <Side> <Rear>

Figure 3. The design guidance of a vest platform.

Table 5. The promising location of LED devices.

Two-wheeled personal mobility(PM)

Figure 4. Figure 5. Figure 6. Figure 7.

Bicycle Motorcycle

Figure 8. Figure 9.

Figure 10. Figure 11. Figure 12.

Front image. | Side image. : Rear image. | Front image. | Side image. : Rear image. | Front image. | Side image. : Side image.

Table 6. The clothing platform design drafts.

Design 1 vest type

Design 2 utility vest type

Design 3 vest type

LED strap installation part,

Retro-reflective fabric application
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Table 7. The information of the survey respondents.

Gender Sort of experienced two-wheeled vehicle
Male Female Personal mobility Bicycle Motorcycle
31 21 15 32 5

Table 8. The result of the design and color preference survey.

Question 1: Do you think this design will be convenient to wear over the clothes you are already wearing when riding a

two-wheeled vehicle?

Design draft

1

2

3 4 5 6

Total score

208

201

312 153 164 175

Question 2: Does this design feel comfortable to move (drive) when riding a two-wheeled vehicle, even if you wear it overlaid

on top of what you're wearing?

Design draft

1

2

3 4 5 6

Total score

215

201

207 118 119 118

Question 3: Do you think the design will be easy to wear over the clothes you already wore?

Design draft 1 2 3 4 5 6
Total score 211 201 210 183 196 199
Question 4: In your view, is the designs suitable as the safety driving clothes?

Design draft 1 2 3 4 5 6
Total score 212 186 179 187 174 192

Question 5: Among the three color applications above, which one woll be the most noticeable?

Design draft 1 2 3 4 5 6
Fluorescent orange 12 13 12 18 16 16
Fluorescent yellow 30 31 30 24 25 26
Fluorescent green 8 7 8 5 6 5
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Table 9. The average sizes of adult male and female adapted in pattern making.

Parameter female male Parameter female male
Height 1,599.8 mm 1727.4 mm Center front neck to waist 432.16 mm 461.26 mm
Chest circumstance 893 mm 1,036 mm
Center back neck to waist 393.8 mm 4372 mm
Across shoulder 393.8 mm 429.6 mm
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Table 10. The experimented motions for the initial algorithm configuration.

Function

Function operating command motion

Similar motion with the operating command motions

Left turn signal
lighting

Leaning the head to the left quickly using only

the neck joint

Turn the head to the left and look back

Right turn signal
lighting

Leaning the head to the right quickly using only

the neck joint

Turn the head to the right and look back

Brake lighting

Nodding the head to the front quickly using only

the neck joint

Bending the upper body forward

Emergency flasher

Using only the neck joint to look front and tilt

the head back quickly

Not looking front and slowly bending the neck rear
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Table 11. The wave forms of the recognition zones in each gesture order motions and the related LED operation.
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Table 12. The system components in each wearable module.

Module Control Input Output Power Platform
Gesture order interface | ESP32 Pico V3 Eg?zf:;dhﬁgigo’ BLE 3.7V battery Helmet
LED control ESP32 Pico Kit BLE RGB LED zz}vai:ﬁ‘;zr Vest
gullo| FA &= GWS EES 2719 sH¢AS Ultrafuse PAHT CF1)E AF2-3}31 CHFigure 26).
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Figure 24. The device placement in the GWS modules.
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Figure 26. The developed prototype.
Table 13. The weight information of the prototype.
Location Platform weight Module weight Total weight
Helmet 1,216.5g 98.9¢ 1,315.4¢
Female 420.1g Female 554.6g
Vest 134.5¢
Male 544.7g Male 679.2g
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=35} CH(Table 14), (Figure 27-39).
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Table 14. The testing course and the capture images of the riding experiment.

Testing course Motorcycle Personal mobility Bicycle

Figure 27. Driving course.
Course size: 20m x 20m

Figure 37. Emergency flasher. Figure 38. Emergency flasher. Figure 39. Emergency flasher.
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Table 15. The results of the operability experiment.
Motorcycle testing (male only)
Function First i Second i Third
Left turn signal Succeeded i Succeeded i Succeeded
Right turn signal Succeeded i Succeeded i Succeeded
Brake lighting Succeeded i Succeeded i Succeeded
i i
Emergency flasher Succeeded ! Succeeded ! Succeeded
Personal mobility(PM) testing (left: female, right: male)
Function First i Second i Third First i Second E Third
Left turn signal Succeeded i Succeeded i Succeeded Succeeded i Succeeded i Succeeded
Right turn signal Failed i Succeeded i Succeeded Succeeded i Succeeded i Succeeded
Brake lighting Succeeded i Succeeded i Succeeded Succeeded i Succeeded i Succeeded
i i i i
Emergency flasher Succeeded | Succeeded ! Succeeded Succeeded | Succeeded !  Succeeded
Blcycle testing (left female, right: male)
Function First } Second } Third First i Second E Third
Left turn signal Succeeded i Succeeded i Succeeded Succeeded i Succeeded i Succeeded
Right turn signal Failed i Succeeded i Succeeded Succeeded i Succeeded i Succeeded
Brake lighting Succeeded i Succeeded i Succeeded Failed i Succeeded i Succeeded
i i i i
Emergency flasher Succeeded | Succeeded | Succeeded Succeeded | Succeeded !  Succeeded
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Development of a Wearable System for Two-wheeled Vehicle Users

- Focusing on the Gesture Command Interface and Driving Direction-situation

Indicating Function -

Hyunseung Lee’
Dept. of Fashion Industry, Incheon National University”

Abstract

Recently, two-wheeled vehicles(TWVs) have diversified into categories such as bicycles, motorcycles, and personal
mobility devices, and the user population is also on the rise. Due to their high mobility and projection areas that
closely resemble those of an adult human body, TWVs can be difficult for other vehicles and pedestrians to detect,
especially when approaching at high speeds and without maintaining a sufficient distance. Consequently, high visibility
is crucial for ensuring the safety of both TWV users and others. However, due to structural constraints, small TWVs
often cannot be equipped with adequate lighting devices. To address this issue, this study developed a wearable system
designed to enhance visibility for users of various types of TWVs, and we also verified its usability. The study proceeds
as follows: First, a garment that can be comfortably worn over existing clothing was developed. This garment incorporates
colors and fabrics designed to enhance visibility, as well as a modular mounting structure for easy attachment and
detachment of digital components. Second, this study employed LED lighting, acceleration-gyro sensing, and wireless
communication technologies to create an intuitive gesture recognition interface. This interface allows users to control
turn signals, brake lights, and emergency flashers through minimal head movements. Third, we conducted usability
tests involving five adults for each type of two-wheeled vehicle. Despite variations in height and body type among
the testers, we confirmed the stable operation of the integrated system, linking the gesture interface with LED control
functionality. This study hopes to contribute to societal safety by enhancing the visibility of TWV users, thereby alerting
nearby drivers and pedestrians and potentially preventing traffic accidents.

Key words : motion recognition, gesture interface, wearable technology, safety system






