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Abstract 
 

This paper describes the development and 

evaluation of wearable sensor earphones coupled with 

a mobile platform for comfortable assessment of 

cardiovascular function. Photoplethysmographic 

sensors were integrated into regular earphones to 

provide discreet and non-stigmatizing heart rate 

measurements. Preliminary results indicate that the 

proposed system has a high degree of accuracy at rest 

with an average error of 0.63%.   

 

1. Introduction 
 

Wearable computing represents an interdisciplinary 

field involving science, engineering, design, and 

fashion. While not often emphasized, there is also a 

social aspect to designing wearable computers. Not 

only do the design and expense of a wearable computer 

reflect the user’s taste, these factors also influence the 

wearer’s acceptance and opinion of the device[1]. 

Although wearable technology has advanced 

significantly in the past few years, a recent review of 

25 state-of-the-art wearable systems for health 

monitoring revealed that many systems scored low in 

terms of aesthetics and wearability due to the bulky 

nature of sensors, batteries and on-body hardware[2]. 

This paper addresses these main challenges with the 

design of Heartphones, heart monitoring that fits inside 

ordinary earphones. 

Heartphones is a system for continuous heart rate 

monitoring comprising sensor earphones and a mobile 

application (Figure 1). By integrating sensors into 

earbuds and performing measurements near the tragus, 

our system offers better shielding from ambient light 

and higher signal-to-noise ratio compared to previous 

work[3] that used sensors embedded in the horn and 

ear cushion of headphones for sensing on the external 

ear cartilage. Furthermore, the Heartphones do not 

require bulky processing units and are compatible with 

widely available devices such as the iPhone and iPod 

Touch.  From the standpoint of the user, the proposed 

Heartphones sensor both looks like and works like a 

regular pair of earphones. 

 

2. System development 
 

The Heartphones system consists of a pair of sensor 

earphones, a control/processing unit, a display device 

and an optional radio transceiver. A reflective 

photosensor comprising a phototransistor and infrared 

LED was embedded into an earbud. When worn in the 

ear, the photosensor sits against the inside of tragus 

and measures the amount of light reflected from the 

subcutaneous blood vessels in that region. During the 

cardiac cycle, volumetric changes in the blood vessels 

modify the path length of the incident light such that 

the subsequent changes in amount of reflected light 

indicate the timing of cardiovascular events. The 

resulting changes in phototransistor current are 

 

Figure 1. Heartphones prototype 
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converted to a voltage change logarithmically and 

passed through a 4-stage bandpass filter (0.8 – 4.0 Hz) 

to separate the ac component of the signal and reduce 

electrical noise as well as motion artifacts. The analog 

signals are sampled at 400 Hz via an A-D with 12-bit 

resolution on a microcontroller. Real-time peak 

detection is implemented on-chip to calculate heart 

beat intervals and heart rate.  The raw 

photoplethysmography (PPG) waveform, each new 

detected beat and average heart rate over the last 30 

beats are then sent to the iPhone via serial 

communication for visualization or further processing. 

Alternatively, the proposed system can communicate 

wirelessly with a laptop by the use of a pair of radio 

transceivers modules. 

The mobile application was implemented on an 

iPhone using custom software. The application allows 

users to visualize their heart rate in real time and keep 

a record of the highest and lowest reading for each 

session. Users also have the option of viewing the raw 

PPG waveform and graphing their heart rate vs. time.  

 

3. Evaluation 
 

The Heartphones were tested with 4 healthy 

subjects (ages 26-33, all male). For all experiments, the 

raw PPG waveform was transmitted wirelessly to a 

laptop for post processing and analysis in MATLAB. 

In addition, an FDA approved and commercially 

available blood volume pulse (BVP) sensor (Flexcomp 

Infiniti by Thought Technologies Ltd) was attached to 

a finger of the participant to serve as a “gold standard” 

reference. Participants were asked to sit quietly and 

relax while wearing the Heartphones and finger BVP 

sensor. After 5 min, music was played through the 

earphones for 3-8 min. When the music ended, 

participants were asked to remain seated for another 5 

min. At the end of the experiment, participants were 

asked: “rate the comfort level of the Heartphones on a 

scale of 1-10 (10 being the most comfortable)”.  

Figure 2 shows typical PPG waveforms during the 

experiment. The measured signals were clean and the 

dicrotic notch was visible. Streaming music through 

the earphones did not affect the measured signals. The 

timing of the PPG waveforms measured by the 

Heartphones was also in close agreement with the 

reference signal from the fingers. Overall, the accuracy 

of the proposed system was very high with an average 

error of 0.63% at rest without music and 0.56% with 

music. All participants found the Heartphones to be 

very comfortable with an average rating of 9.13.  

 

4. Conclusion 
 

In this paper, we presented novel sensor earphones 

for comfortable and non-obtrusive assessment of heart 

rate as well as a mobile application for visualizing 

physiological data. By integrating sensors directly in 

the earbuds of regular earphones, we demonstrated the 

feasibility of integrating physiological sensing into a 

comfortable, even stylish, lifestyle wearable product.  
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Figure 2. PPG waveforms at rest (a) in silence 

and (b) while listening to music  
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