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Development of the smart ear monitor system for measurement of physiological indices towards a
practical system for the prevention of heat illness: a preliminary investigation of the green light
ear photoplethysmogram using an earphone
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Abstract

We compared the pulse rate (PR) derived from the ear photoplethysmogram (PPG) using a green light with the heart rate (HR)
derived from the electrocardiogram (ECG) as a reference. In 20 young healthy participants (21.7 £ 2.7 S.D. years), simultaneous
measurements of the ECG (chest lead I1), peak green light (525 nm) PPG, and peak near-infrared light (810 nm) PPG from the
two sites of the ear (tragus and helix-crus) and index fingertip, respectively, were made. We used a treadmill for walking task, at
speeds of 0, 2, 4 and 6 km/h. The results showed that the PR derived from the green light PPG from the ear significantly related
to HR derived from ECG (tragus: r = 0.984, helix-crus: r = 0.972, respectively). In addition, the limit of agreement (+ 1.96 S.D.)
in Bland-Altman plots between PR and HR were + 5.960 bpm and + 7.944 bpm. In conclusion, these findings suggest that green
light ear PPG could be the basis of a suitable, practical, method for monitoring PR in normal daily life.

Keywords : Ear, Green light, Earphone, Photo-photoplethysmogram, Pulse rate, Motion artifact
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Fig. 1. Outline of the photo-sensor earphone
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(a) placement of sensor  (b) motion protocol
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Fig. 2. The photo-sensor placement on the ear (the
front of the helix crus and tragus) for PPG measurement

(left; a) and walking motion protocol (right; b)
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(a) green light PPG, ear : the front of helix crus
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Fig. 3.  The typical recordings during 6 km/h walking;
green light PPG on the ear (helix crus & tragus; a & b),
index finger (c), NIR light PPG on the ear (helix crus &
tragus; d & e), index finger (f), ECG (g), head motion (h)

X 4 1%, #eLERAEE W TER L eI EB T 5
PPG 7»564537= PR & ECG 756437 HR @ Bland-Altman
plots DFERZRT, FEEHWCTEARE BERANCBIT S
PPG 725457- PR & ECG 5157 HR OffREE (A=

DEFEFEI) 1%, FNEN, +7.944bpm, +5.960 bpm &
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KIENRE ) S 15 b Riad & DRI 15 6 L7z D
DET Y OFEBBILR TR R
Table 1. Pearson’s coefficient of correlation between HR
derived from ECG and PR derived from PPG on the ear
and finger using green light and NIR light

PR
green light PPG NIR light PPG
ear finger ear finger
helix index helix index
crus tragus finger crus tragus finger
HR 0.972% | 0.984* 0.655% 0.602* | 0.424* 0.528*

n = 960, *P < 0.001
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(a) green light PPG
(a.1) ear : the front of helix crus
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Fig. 4. Bland-Altman plots; HR derived from ECG and PR derived from PPG on the ear and finger using
green light (top; a.1, a.2, a.3) and NIR light (bottom; b.1, b.2, b.3)
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