
 EZBud utilizes DE0-Nano as its core unit.  
We have designed an analog front-end 
containing (1.1) PPG-sensor with analog 
filters, (1.2) Audio Socket with 2 channels, 
and (1.3) Microphone. The FPGA connects 
with (2.1) Accelerometer, (2.2) Bluetooth 
module, and (2.3) Memory (SDRAM). There 
are mainly four functional blocks, including 
(3.1) Music beat prediction, which reports 
the time of the next beat, (3.2) Activity 
prediction, which reports the time of next 
human activity (e.g., steps of running or 
heartbeat, depending on user’s choice), (3.3) Music controller, which implements a Proportional-
integral-derivative (PID) controller matching the music beats and human steps, and this controller 
modifies the speed of the music with Phase Vocoder, without changing the pitch of the music, and 
(3.4) Peripheral controller controlling all other devices.
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EZBud
Listen to Your Body Sing

Your Body, Your Music.
 Have you ever jog to the music in the earbuds? Have you noticed that 
our bodies will naturally follow the beats without us even realizing? 
However when we exercise, our physical status changes over time while 
the music remains unchanged and thus the mismatch would result in 
discomfort. Hence we integrate bio-sensors into the earbuds, monitor 
your body, and tune the music accordingly. This next-generation earbud 

is named EZBud.

Evolution: Bio-monitoring with Earbuds
 EZBud is a piece of standalone hardware which enables users to enjoy 
music without the need of mobile devices. Integrating batteries, 

accelerometer, photoplethysmographic (PPG) sensors, and storage,  EZBud 
makes listening to customized music for several hours possible. 

 EZBud monitors the users heart rate via PPG, which measures the 
reflexivity of body parts, resulted from periodic variations in the volume of 
blood vessels. Accelerometers allow us to record the movement of the 
users, the pattern of which may be jogging, body-building, or performing 
other aerobic exercises. With our award-winning algorithms, we can obtain 
the frequency of the signals and hence predict the users’ physical status in 
the next few seconds, allowing us to fine-tune the music.

System: An Overview

FPGA in Action: The First Choice in DSP
 EZBud processes music in real time, and achieving such function 
requires a lot of computations including the Short Time Fourier 
Transform (STFT) and spectral interpolation. These computations just 
happen to be done easily and fast by FPGA. FFT for FPGA is extremely 
friendly using Radix-22 Single-Path Delay Feedback (R22SDF) algorithm, 

costing at most O(n) time and outperforming the O(n	   log	   n) time 
required by sequential devices. Windowing for a time sequence and 
interpolations for every frequency bin on the spectrum are as well done 
in a parallel manner, giving the users a real-time feedback.
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Components: Ready to Go!
 EZBud is designed to be a ready-to-go product, meaning it contains 
various components that does not rely on the DE0-Nano development 

board except for the FPGA chip. In future models, EZBud is capable of 
integrating the FPGA chip onto its main circuitry, creating a wearable, 
revolutionary, and brand new user experience on everyone’s ears.

Component Manufacturer Product
Flash Micron MT29F8G08ABABA

ADC Texas Instruments ADS1254

DAC Texas Instruments DAC8552

OPA Texas Instruments LM358

PPG sensor Vishay Semiconductors CNY70

Bluetooth EGBT-045MS
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