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Development of a Reflected Type Photoplethysmograph (PPG) Sensor with Motion

Artifacts Reduction

ey’ o3’ AFA', 23 =

Hyonyoung Han', Yunjoo Lee?, Jungsik Kim' and Jung Kim"*

4

St at8ty| &9 7|7 S8 3 (Department of Machanical Engineering, KAIST)
2 LG WAL (LG electronics Inc.)
< Corresponding author: jungkim@kaist.ac.kr, Tel: 042-350-3231

Manuscript received: 2009.2.12 / Revised: 2009.7.16 / Accepted: 2009.9.28

One of the most important issues in the wearable healthcare sensors is to minimize the motion
artifacts in the vital signals for continuous monitoring. This paper presents a reflected type
photoplethysmograph (PPG) sensor for monitoring heart rates at the artery of the wrist. Active
noise cancellatior: algorithm was applied to compensate the distorted signals by motions with
Least Mean Square (LMS) adaptive filter algorithms, using acceleration signals from a MEMS
accelerometer. Experiments with a watch type PPG sensor were performed fo validate the
proposed algorithm during typical daily motions such as walking and running. The developed
sensor is suitable for ubiquitous healthcare system and monitoring vital arterial signals during

surgery.
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d(n) = corrupted signals

s(n) = pulsation signals

n(n)= noise signals

x(n) = accelerometer signals
y(n) = estimated motion signals

e(n) = error
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Fig. 1(a) Transmissive type PPG sensor
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Fig. 1(b) Reflective type PPG sensor

Table 1 Comparison between transmissive and reflective
type

Transmissive type | Reflective type

Only extremi No limitation
Measurable site v o

ex) finger, earlobe | ex) liver, wrist

Maxi
aximum 0.7mV 0.4mV
Amplitude
Motion artifacts High Low
Pulse detection 14 % 7%

error
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Fig. 2 Active noise cancellation algorithm
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Table 2 Experimental results of heart rate during walking

condition

Distorted signal | Recovered signal Ref.

Pulse E(;:;r Pulse E(;)(;r ECG

1 87.0 13.9 78.6 29 76.4

2 85.6 9.5 80.4 2.8 78.2

3 90.8 14.9 84.6 7.1 79.0

4 85.0 6.3 83.6 45 80.0

5 86.6 6.7 81.8 0.7 81.2
Average| 87.0 :}:04.20 81.8 ::2..638 79.0

Table 3 Experimental results of heart rate during running

condition
3 Distorted signal | Recovered signal Ref
ef.
E E
Pulse ot Pulse rror ECG

%) %)
1 110.2 21.9 99.0 9.5 90.4
2 107.2 14.3 100.4 7.0 93.8
3 109.6 17.1 98.0 4.7 93.6
4 102.4 8.7 99.6 5.7 94.2
5 104.6 7.6 101.0 3.9 97.2

13.9 93.8
A 106.8 996 | 62
verage +5.94 +£2.20
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