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Objective: The practice of breathing exercises involves altering the depth and frequency of respiration. Strengthening respiratory
muscles plays a crucial role in maintaining overall health and well-being. The efficiency of the respiratory system affects not only
physical activity but also various physiological processes including cardiovascular health, lung function, and cognitive abilities.
The study evaluated the reliability of the developed device for inspiratory/expiratory training using pressure sensors and Bluetooth
connectivity with a smartphone application.

Design: Design & development research

Methods: The research methodology involved connecting a custom-made respiratory sensor to an IMT-PEP BIC Breath device.
Various pressure conditions were measured, and statistical analyses were performed to assess reliability and consistency. Results
showed high Intraclass Coefficient Correlation (ICC) values for both inspiratory and expiratory pressures, indicating strong
test-retest reliability. The device was designed for ease of use and wireless monitoring through a smartphone app.

Results: This study conducted at expiratory pressure confirmed the proper operation of the IMT/PEP breathing trainer at the
specified pressure setting in the product. The pressure sensor demonstrated high test-retest reliability with an ICC value of 0.999
for both expiratory and inspiratory pressure measurements.

Conclusions: The developed respiratory training device measured and monitored inspiratory and expiratory pressures,
demonstrating its reliability for respiratory training. The system could be utilized to record training frequency and intensity,
providing potential benefits for patients requiring respiratory interventions. Further research is needed to assess the full potential of
the device in diverse populations and applications.
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Figure 1. The experimental setup to test the breathing device (left) and application (right) (a: linear actuator, b:
driver, c: actuator control software, d: 3L calibration cylinder, e: breathing device, f: IMT-PEP device)
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Figure 2. Device wiring diagram
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Figure 3. Parts of the device and result screen
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Figure 4. Trend line comparison between set pressure by IMT-PEP and measured

pressure by Breathing device (T1~5 : Test Trial 1~5)
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Table 1. The reliability and the results of pressure values

Hp\fe:':ulf: - Breatth;g deVlceT';ressm (::HZO) = Mean SD SEM SEM/SD  ICC
PEP 05 6.94 7.35 7.35 7.06 7.29 720  0.19 0.084 0447  0.999
10 1254 1265  12.11 122 1257 1241 024 0.108  0.447
15 1742 1736 17.14  17.12 1733 1727 0.14 0.061  0.447
20 2236 22.61 2225 2213 22116 2230 0.19 0.087  0.447
IMT 10 21374 -13.73  -13.69  -13.83  -13.65 -13.73  0.07 0.030 0447  0.999
20 2274 2278 2275 2279 -23.03  -22.82  0.12  0.054  0.447
30 3098 -31.37 3131 -31.72  -31.68 -31.41 030 0.135  0.447
40 -41.86 -41.89 4233  -41.87 -42.09 -42.01 020 0.091  0.447

T: Trial, SD: standard deviation, SEM: standard error of mean, ICC: intraclass coefficient correlation, PEP: positive

expiration pressure, IMT: inspiratory muscle training
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Figure 5. Changes in pressure measured five times repeatedly in four positive exhale pressure from
a respiration device using a linear actuator
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Figure 6. Changes in pressure measured five times repeatedly in four negative inhale pressure from

a respiration device using a linear actuator
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