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Abstract Pulse wave is the physiological responses through the autonomic nervous system such as ECG. It is
relatively convenient because it can measure the signal just by applying a sensor on a finger. So, it can be usefully
employed in the field of U-Healthcare. The objects of this study are acquiring the PPG (Photoplethysmography) one
of the way of measuring the pulse waves in non-invasive way using the CMOS image sensor on a smartphone
camera, developing the portable system judging stressful or not, and confirming the applicability in the field of
u-Healthcare. PPG was acquired by using image data from smartphone camera without separate sensors and analyzed.
Also, with that image signal data, HRV (Heart Rate Variability) and stress index were offered users by just using
smartphone without separate host equipment. In addition, the reliability and accuracy of acquired data were improved
by developing additional hardware device. From these experiments, we can confirm that measuring heart rate through
the PPG, and the stress index for analysis the stress degree using the image of a smartphone camera are possible.
In this study, we used a smartphone camera, not commercialized product or standardized sensor, so it has low
resolution than those of using commercialized external sensor. However, despite this disadvantage, it can be usefully
employed as the u-Healthcare device because it can obtain the promising data by developing additional external device
for improvement reliability of result and optimization algorithm.
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Fig. 3. Proposed peak picking method
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Fig. 4. YUV420 Color Format
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Table 1. HRV analysis in the frequency domain

Variable Units Description Frequency Range
Total . .
o > Variance of all NN Interval approximately 0.4 Hz
Power
ULF s Power in the ultra low 0.0003 Hz

frequency range

VLE  me Fower i the very dow 60003 004 1z
frequency range

LF ms? Power in the low frequency 004 - 015 Hz
range

HF ms? Power in the high frequency 015 - 04 Hz
range

7)ol Z=AF AE(VLF) 0.00003-0.04 Hzt) <
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Fig. 5. HRV Power Spectrum density using the FFT

Stress Index = LF/HF
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Fig. 6. Stress Index in accordance with LF / HF index
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Table 2, Changes of current consumption according
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# of LED: On Current(mA) Power(mW)
0 18.5 925
1 28.6 143.0
2 38.7 193.5
3 48.8 244.0
4 58.9 294.5
5 69.0 345.0
6 79.1 395.5
7 89.2 446.0
8 99.3 496.5
9 109.4 547.0
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Table 3. SmartPhone measurement results

LF HF Stress Index HR

Sttt 1 43 ) 1.03 76

e 2 42 3.7 1.16 78
Condition

3 47 5.1 092 74

Unab 1 45 36 126 92

nstable =, 4.4 32 135 98
Condition

3 43 33 130 95

Table 4. Reference Device measurement results

LF HF Stress Index HR

Stabl 1 5.1 5.7 7.0 70

e 5.8 5.0 7.6 73
Condition

3 5.6 4.5 7.6 69

Unstabl 1 54 3.7 9.2 95

nstable g 6.0 38 75 87
Condition

3 5.4 3.7 6.1 86
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