Initial Plan: Development of Kinetic Energy Harvesting Shoes for Powering Healthcare
Wearables

Author: Kwong Tsz Shing Issac

Supervisor: Nhat (Nick) Pham

Project Description

Wearable healthcare devices are becoming increasingly prevalent, with the market
reaching $53.1 billion in 2023 and projected to exceed $466.5 billion globally by 2032.
Global Wearable Technology Market Report 2023. (2023). These devices provide crucial
real-time health monitoring, but their reliance on frequent battery charging limits their
practicality and usability. As the human body and surrounding environment contains
useable but untapped energy, harvesting kinetic energy from walking would be suitable
alternative to external power sources. Piezo (n.d.) suggests that human locomotion could
theoretically generate more than 67W, making it a promising avenue for energy
generation.

In this project, | am going to looks into how we can capture energy from walking using
piezoelectric materials placed in shoes. The idea is to turn movement (kinetic energy) into
electricity, which can then power a small, low-energy Arduino-based heart rate monitor.
This way, the device can keep tracking heart rates without needing to be recharged all the
time.

The project consists of three major components: (1) researching piezoelectricity and
optimizing its application in energy harvesting (2-3 weeks), (2) developing a prototype of
energy-generating shoes capable of converting kinetic energy into usable electrical power
(4 weeks), and (3) implementing an intelligent low-power heart rate monitoring algorithm
that operates on the harvested energy (3 weeks).

A key motivation behind this project is to make sure health monitoring doesn’t get
interrupted. People who need continuous tracking, like those with heart conditions,
shouldn’t have to worry about their device running out of battery. This project aims to
solve that problem by creating a more reliable, low-maintenance wearable that doesn’t
rely on constant charging.

Aims and Objectives

The overall aim of this project is to develop a functional prototype of kinetic energy
harvesting shoes with the use of piezoelectric materials that can power an Arduino-based
heart rate monitor, ensuring continuous, self-sustained health tracking. The projectis
divided into the following specific objectives:



1.

Investigate Piezoelectricity for Kinetic Energy Harvesting

o Research various piezoelectric materials and determine the most suitable
option for footwear integration.

o Experiment with different configurations to maximize energy output from
walking motion.

o Evaluate energy conversion efficiency to ensure practical feasibility for
powering healthcare wearables.

Risk & Mitigation:

o Risk of Low Energy Output: If the harvested energy is insufficient, additional
strategies will be explored, such as increasing the piezoelectric surface
area, attaching it in a different position instead of the original one or
incorporating alternative piezoelectric materials.

Develop Energy-Generating Shoes

o Design and construct a prototype with the use of the selected piezoelectric
materials that have been researched and tested in the previous stage.

o Test and refine the system to maximize energy output in real-world walking
conditions.

Risk & Mitigation:

o Risk of Hardware Malfunctions: A contingency plan includes prepare
another piezoelectric material that is similar with the one that is chosen
beforehand to address unforeseen failures.

Implement a Low-Power Heart Rate Monitoring Algorithm

o Develop an energy-efficient algorithm capable of processing heart rate data
with minimal power consumption.

o Integrate the algorithm into an Arduino-based system powered solely by
harvested energy.

o Validate the system’s functionality by conducting tests under various
movement conditions.

Risk & Mitigation:

o Risk of Insufficient Power for Continuous Operation: If power availability is
inconsistent, the algorithm will be optimized for low-power consumption
using event-driven processing instead of continuous monitoring. To handle



interruptions, the system will implement a resume function to prevent data
loss and may rely on periodic data sampling instead of real-time tracking.

Feasibility

The feasibility of this project is well-supported by existing research and available
resources. Ethical approval is not required as no external user data is collected,
experimentation will be conducted solely by me. The required piezoelectric materials,
Arduino components, and other electronic equipment are available through the Physical
Sensing Lab's.

Potential feasibility concerns include:

 Hardware Availability: If certain materials are unavailable, alternative piezoelectric
components with similar characteristics will be sourced.

o Energy Harvesting Efficiency: If power generation with the selected piezoelectric
material proves insufficient, the use of another piezoelectric material can be
tested immediately.

¢ Algorithm Performance: The heart rate monitoring algorithm must operate
efficiently with the low amount of energy generated from the shoes, the algorithm
should be optimized for low-power consumption, potentially using event-driven
processing instead of continuous monitoring. If power interruptions occur, the
system should be able to resume operation without data loss or rely on periodic
data sampling instead of real-time tracking.

Work Plan

The project is divided into three main phases, each with well-defined milestones and also
backup plans:

Weeks 1-2: Research & Feasibility Study
o Study different piezoelectric materials and their applications in energy harvesting.

e Knowing how | could apply piezoelectric materials that can attach to the shoes for
energy generating in the later stage of the project

e Determine the optimal configuration for embedding piezoelectric materials in
shoes, have to also understand the materials that

Milestone:



e Select the piezoelectric material that is good for the project and finalize design
concept.

Weeks 3-6: Developing a prototype of energy-generating shoes
e Try and Integrate piezoelectric materials, attaching it to the shoe.
e Experiment on how to store and regulate harvested energy.
e Ensure mechanical durability and comfort through iterative testing.
Milestone:

e Functional energy-generating shoe prototype capable of powering small
electronic devices.

Backup plan:

¢ If mechanical durability issues arise, such as( material detach from the shoe),
reinforce attachment methods or test alternative placement positions on the
shoe.

Weeks 7-9: Heart Rate Monitoring Implementation
« Develop an energy-efficient heart rate monitoring algorithm.
¢ Implement the algorithm on an Arduino.

o Test system performance under varying movement conditions, such as (how much
energy it needs to power up the heart rate device)

« Implement on how to get the data periodically instead of getting the data real-time
as the energy produced from the shoe wont be a lot

Milestone:
e Heart rate monitoring system powered solely by harvested kinetic energy.
Backup plan:

e |fthe heart rate monitoring algorithm does not function as expected and cannot
be fixed within the available time, exclude it from the final integration and focus
on analyzing the energy harvesting performance alone. Instead of real-time
monitoring, use pre-recorded heart rate data for demonstration and analysis in
the final report.

Weeks 10-12: Testing, Refinement & Report Writing



¢ Conduct comprehensive system testing and collect performance data.
e Checking the energy harvesting and algorithm efficiency based on test results.
e Document findings and finalize writing for the final project report.
Milestone:
e Completed collecting test results and finalizing project report.
Meeting Schedule

o Weekly meetings at least 30-minute long with the supervisor will ensure steady
progress on my project and also provide guidance on resolving potential
challenges.
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