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ABSTRACT

As the military adopts wearable devices, soldiers use them to check their own health and
perform operations. Under these conditions, measurement errors in military smartwatches can
significantly affect soldier safety and survival. Photoplethysmogram (PPG) measurement
errors may arise from various factors including the physical condition of the user, contact
point, and environmental conditions. In particular, soldiers may experience rapid changes in
their heart rates owing to intense training and operational activities. In such situations, errors
in PPG measurements may pose challenges in accurately assessing the health status of
soldiers. Therefore, enhancing PPG measurement functionality using wearable devices is
important to accurately assess the health status, improve survivability, and enhance the
operational performance of soldiers on the battlefield, Consequently, research and development
in this area are necessary. Thus, our study examined the factors contributing to potential PPG
measurement errors in smartwatches, assessed the extent of these errors, and discussed
approaches to improve and mitigate them,
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(Figure 1) The principle of optical blood flow measurement sensors assisting in vascular
measurement and stress management on smartwatches
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(Figure 2) Arduino Board and Arduino—based Heart Rate Measurement PPG sensor
(SZH-SSBH—-035) and circuit schematic
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(Table 1) Participant characteristics of measurement experiment for PPG signal
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(Figure 3) Experimental setup with a PPG sensor in wearable smartwatch devices to
wrist positions towards various postures
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(Figure 5) Summary of PPG signal and Signal-to—Noise Ratio towards
positions of wearable smartwatch
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(Figure 6) Summary of PPG signal and Signal—to—Noise Ratio towards
angles of wearable smartwatch
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(Figure 7) Summary of PPG signal and Signal—to—Noise Ratio towards
pressures of wearable smartwatch
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(Figure 8) Summary of PPG signal and Signal—to—Noise Ratio towards
sweat presence of wearable smartwatch
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Improvement related to measures
(best, worst values) =

Factors Parameters

* Multi—sensor integration: Compensating for signal
degradation due to the positional changes of individual

Wrist sensors with values from other sensor locations,
rist,

Position | 5mm spacing, (2.5dB, —1,3dB)
7 positions

¢ Flexible sensor: Utilizing flexible PPG sensors that
can be comfortably worn on various parts of the body,
in addition to the wrist, for multi—sensor application,

¢ Skin—adhesive sensor: Preventing sensor displacement
by adhering to the skin,

¢ Multi—sensor integration: Compensating for signal
degradation due to the angle changes of individual

Angle | 0, £8° %20° (2.1dB, —4.6dB) sensors with values from other sensor locations,

¢ Skin—adhesive sensor: Preventing change in angle by
adhering to the skin,

¢ Multi—sensor integration: Compensating for signal
degradation due to the pressure changes of individual

Pressure | 5, 10, 50 kPa (8.5dB, —7.0dB) sensors with values from other sensor locations,

* Flexibility sensor: Alleviation of pressure concentration
on sensor parts by deforming with the skin,

¢ Multi—sensor integration: Compensating for signal
degradation due to the presence of sweat on individual

Sweat Dry/Sweat (2.3dB, —0.1dB) sensors with values from other sensor locations,

¢ Skin—adhesive sensor: Blocking foreign substances
between the sensor and the skin,

9 Note. Measurement results and parameters in experiments of PPG signal with wearable smartwatch (see also
in Appendix 2)
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