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Abstract

Abstract This study developed smart gloves that measure the wrist movements
of lure fishing participants in real time and record occurrences of pain. These
gloves enable users to monitor movement patterns and pain levels, and to take
appropriate breaks through alarms. Key achievements include the measurement
of grip strength, range of motion (ROM), and visual analog scale (VAS) tests.
The stretch sensor is highly durable, recovers quickly even after repeated use,
and can precisely measure various fishing movements. When the predetermined
number of repetitions, set through motion recognition and notification
functions (e.g., 30 or 60), is reached, a buzzer sounds to encourage rest. In
the analysis of wrist function, it was confirmed that grip strength decreased
after 100 casts but recovered following electrical muscle stimulation (EMS)
training. The VAS results indicated that EMS training was effective in relieving
pain and improving wrist function. Smart gloves and EMS training are valuable
for preventing wrist pain and restoring function associated with fishing, and
they suggest potential applications for various body parts and exercises. In
future research, we plan to enhance the gloves' performance and strengthen
data storage and analysis functions based on clinical trials in actual sea
environments and user feedback.
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Figure 1. Fishing Lure
(https://mww.duel.co.jp)
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Table 1. List of Materials and Devices used

Material Picture

Specification

Conductive Yarn

Silver Coated Polyamide Yarns
Resistivity 1.5%/cm Soitex, Korea

Glove Material

Mixed Rate - Nylon
67% and 33% Polyurethane, Korea

Stretch Sensor

High Elasticity-double Woven Rubber Band, Korea

Antibracteria Silver coated
Conductive Febric

GSM:135g/m2
Specification: Siver Fiber70D+30D
Composition: Siver Fiber 82% + Spandex 18%
Function: Shielding Efficiency>55-65DB
SCNO016, Soitex, Korea

Bluetooth Module

Arduino 33 BLE Board Arduino AG, ltaly

Buzzer Sound Actuator .

Piezo Passive Buzzer, Korea

Resistor

Tke

Figure 3. Custom-made Gloves and
Wristband
(taken by author)
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Figure 4. Glove Design

(taken by author)

Figure 5. Prototype Glove with a
Functional X Marking
(taken by author)
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Figure 8. Stretch Sensor
(taken by author)
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Figure 9. Bonse of the Hand
(https://geekymedics.com)

Figure 7. Wirst Band Design
(taken by author)

Figure 10. Stretch Sensor Attached to
Glove
(taken by author)
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MMagnetic Snap

Canductive Fzbric

Figure 11. Attaching Figure 12. Attaching Figure 13. Attaching
Conauctive Snaps Conductive Fabrics Conaluctive Fabrics
(taken by author) (taken by author) (taken by author)
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Arduino BLE

Sensor-s Resistance

GND

Buzzer

1 D4 ISound Actuator

GND

Figure 14. Arauino Circuit Connection
(taken by author)
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Figure 16. Fishing Posture Arduino Test with Strerch Sensor
(taken by author)
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Figure 17. QR Code Mobile Phone Connection Screen
(https://appinventor.mit.edu)
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Figure 18. 30 / 60 Motion Experiments
(taken by author)

Figure 19. Grip Test Figure 20. Dorsiflexion Figure 21. Plantarflexion
(taken by author) (taken by author) (taken by author)
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Table 2. Characteristics of Stretch Sensor Samples
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Test Item

Test Result

Material

Basic

Mixed Rate (%)

67:33 Polyester: Polyurethane

Thickness (mm): KS K 1308:2021 1.48

Tensile Strength (N): KS K 1308 : 2021 754

Tensile Stretch (%): KS K 0642.8.16.1:2016 46.5
Elongation Recovery Rate (%): KS K 0642.8.16.2:2016 Method 9.3

D (Recurrent Mental Field Method)
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Table 3. T7est Result (3 times)

BF 104E AL 1008 B3 A% 53] F7H4
A, EMS Eelold A% by Ak 2 gkl BORAT
1008] olFHAQHE ADCEMS Edleld ol ekt

o ol IEAPL A" 1008] o]Fo] A4 &Fol

Test Rest Time After Fishing Action After EMS Trainning
GRIP(kg) 40.1 35.6 41.7

DF(°) 443 37.3 47.0

PF(°) 42.5 34.1 45.0
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Table 4. Compared to Rest Time VAS Records and after casting 100 times VAS record and after Wristband, EMS training

VAS records

Rest Time After After EMS

VAS Casting 100 Training
Variable (Pain) Times VAS VAS
Records
@) Records Records
(B) @
VAS 1 Wrist Pain when Performing No Action. 0 4 0
VAS 2 Wrist Pain when Repeatedly Moving the Wrist. 2 5 1
VAS 3 Wrist Pain when Bending the Wrist Backwards. 3 5 2
VAS 4 Wrist Pain when Bending the Wrist Forward. 2 5 1
VAS 5 Wrist Pain when Rotating the Wrist 360 Degrees. 2 4 1
VAS 6 Wrist Pain when Lifting Six 2L Bottles at Once. 3 5 3
VAS 7 Wrist Pain when Casting with a Fishing Rod and Reel. 0 2 0
VAS 8 Wrist Pain when Landing Fish Using a Fishing Rod and Reel. 2 4 1
VAS 9 Wrist Pain during Personal Activities. 1 4 1
VAS 10 Wrist Pain when Performing Daily Tasks such as Holding a 0 5 0

Water Cup or Brushing Teeth.
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