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Abstract

The development of smart healthcare wearables for health is accelerating. Among them, many wearable products
using EMS electrical stimulation, which is one of the active research fields, have been released. However, the EMS
wearable, which has been studied or released, is released in a comprehensive full-body suit that does not focus on
muscle segmentation or a belt that covers the entire abdomen. Therefore, this study intends to use two breathing
methods by applying an EMS pattern that subdivides specific muscles and attach a stretch sensor that can measure
breathing to the abdominal pressure belt. The measurement method was conducted by inhaling and exhaling, and
the subjects were 10 men in their 20s with healthy bodies. As a result of this study, the sensor’s sensitivity was
5 and 3 mm, and the basic sensor in both thoracic and abdominal breathings and the EMS abdominal pressure belt
showed improved respiration activation after applying electrical stimulation before and after application. It is
concluded that, because of the two patterns produced based on the physical function, the difference in respiration
activation effect and sensitivity between sensors could be confirmed with three sensors rather than not applying
electrical stimulation suitable for the respiration method. Based on the results of this study, a follow-up study aims
to develop breathing smart clothing that can be monitored in real time in clothing-type wearable products that

incorporate EMS patterns and stretch sensors.

Key words: Thoracic Respiration, Abdominal Respiration, Ems/Electronic Muscle Simulation,

Abdominal Pressure Belt, Respiration Activation, Muscle Pattern
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(a) Inspiration (b) Outbreathing

Fig. 2. Thoracic respiration

2. Inhale

2. Exhale

1. Belly out 1. Belly in

(a) Inspiration (b) Outbreathing

Fig. 3. Abdominal respiration
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Table 1. Body Types of the subjects

Variable Mean SD

Height (cm) 173.66 6.532

Age (years old) 24.56 1.708
Weigth (kg) 76.23 10.457
Skeletal muscle mass (kg) 36.72 5.022
body fat percentage (kg) 20.24 1.186
waist measurement (in) 36.23 2.077
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Table 2. Ranking of sensors according to each test, friedman test

Thoracic Abdominal
Respiration Respiration
Sensor ranking Sensor ranking

Bsic sensor 1.00 Bsic sensor 1.00

3mm 2.00 3mm 2.00
3mm/ems 3.00 3mm/ems 3.00
Smm 4.00 Smm 4.00
Smm/ems 5.00 Smm/ems 5.00

Test statistic Test statistic

N 10 N 10
X 40.000 X 40.000

df 4 df 4
p <.001* p <.001*

a. Friedman test a. Friedman test

*p<.05

Table 3. EMS Ventilation belt with stretch sensor for each breath differences by sensor before and after electric stimulation

application after wearing to the Friedman test

Basic sensor

3mm sensor

Smm sensor

Variable MeantSD 3mm sensor (@) Smm sensor s X p
Thoracic respiration 93.17+0.41 111.73+0.50 127.6+0.57 165.56£0.45  191.88+0.44 40.000 <.001*
Abdominal respiration ~ 83.15+0.43 106.4+0.62 114.43+0.34 161.9+0.75 186.96+0.51 40.000 <.001*

*p<.05
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Table 4. Differences between sensors before and after the
application of electrical stimulation after wearing a thoracic
respiration belt with three stretch sensors

Basic sensor

Variable MeantSD X p
3mm sensor 111.73+0.50 -2.809° .005*
3mm sensor (ems) 128.41+0.57 -2.805° .005%*
Smm sensor 165.56+0.45 -2.807° .005*
Smm sensor (ems) 191.88+0.44 -2.807° .005%*

*p<.05

Table 5. Differences between sensors before and after the
application of electrical stimulation after wearing a abdominal
respiration belt with three stretch sensors

Basic sensor

Variable Mean£SD X p
3mm sensor 106.4+0.62 -2.807° .005*
3mm sensor (ems) 114.43+0.34 -2.809° .005*
Smm sensor 161.9+£0.75 -2.807° .005*
Smm sensor (ems) 186.96+0.51 -2.807° .005*

*p<.05

Table 6. Average comparison of basic sensor and pattern
sensor before and after electric stimulation after wearing ems
two types pressure belt with three different stretch sensors

Variable Thoracic respiration Abdominal respiration

3mm sensor 111.73 106.4

(basic sensor) (93.17) (83.15)
3mm sensor (ems) 128.41 114.43

(basic sensor) 93.17) (83.15)

Smm sensor 165.56 161.9

(basic sensor) (93.17) (83.15)
Smm sensor (ems) 191.88 186.96

(basic sensor) 93.17) (83.15)
*p<.05
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