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ENERGY HARVESTING ANALYSIS OF BODY MOTION
AS ENERGY SOURCE FOR BIOMEDICAL DEVICES

Z. Hadas”, J. Vetiska™

Abstract: This paper deals with an energy harvesting analysis for a development of an efficient energy
harvesting system for the artificial cochlea. The artificial cochlea could be used for a compensation of
deafness. This artificial cochlea consists of a MEMS sensor based on banks of mechanical filters, electronics
for sensing and electrodes, power supply and packaging. The energy harvesting systems are used for
biomedical devices in present time and using of energy harvesting in head area for powering of the artificial
cochlea is convenient. There are several types of energy which can be used as a source of energy for this
biomedical application. Only 3 types of energy converters are suitable in the head area and the sufficient
output power is expected. There are thermal gradient between skin and surroundings, mechanical movement
of the head (shocks and vibrations) and bending movement of neck muscles and an artery. The energy
harvesting from mechanical movement in head area is analysed in this paper.
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1. Introduction

This paper deals with an analysis and development of an efficient energy harvesting system for the
artificial cochlea. The artificial cochlea is a biomedical device for a compensation of deafness. The
operation of our artificial cochlea is based on the active MEMS sensor with bank of mechanical filters.
Therefore, the power consumption of the active MEMS sensor is lower than using of passive sensor with
a microphone and speech processor. The mentioned artificial cochlea consists of the MEMS structure
with mechanical filters, electronics for sensing and electrodes, power supply and packaging. Batteries are
usually used as the power supply for biomedical devices in present time. However several biomedical
devices with very low power consumption are assumed for using with energy harvesting system (Beker et
al., 2013). The energy harvesting is an alternative way how to provide electricity to any autonomous
devices from surroundings without any fuel consumption or physical connection to outside power supply.
The energy harvesting systems in head area can be used for sufficient powering of the developed artificial
cochlea.

The whole artificial cochlea is mechatronic system based on several engineering’s domains and our aim is
the development of this complex device with respect on the mechatronic approach. The correct operation
of the artificial cochlea depends on the sufficient power source and simultaneously the artificial cochlea
has to operate in very low level of power consumption because the level of ambient energy in the head
area is very low. The aim of this paper is analysis of harvested power for biomedical device in the head
area.

There are several types of energy which can be used as a source of energy for this biomedical application,
e.g. (Abdi et al., 2013), (Khaligh, 2010), (Delnavaz and Voix, 2014), (Lay-Ekuakille et al., 2009). On the
base on the initial analyses and experience with energy harvesting systems only 3 types of energy
converters in the head area appears as sufficient power sources. There are thermal gradient, mechanical
movement (shocks and vibrations) and bending movement of neck muscles and an artery in the head area.
The energy harvesting from any mechanical movement in the head area is analysed in this paper. The
energy harvesting from mechanical movement can be harvested by these physical principle of electro-
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mechanical conversions: piezo-electric, electro-magnetic, electro-static and magnetostriction physical
principle.

2. Analysis of Body Motion

The mechanical energy harvester is usually based on a resonance mechanism which is excited by ambient
energy of mechanical movements (Hadas & Singule, 2011). The movement can be in a form of vibrations
(usually in engineering applications) or in a form of body shocks (movement acceleration). The inertia
forces provide a relative movement of a seismic mass in the resonance mechanism. This relative
movement is converted by any physical principle of the electro-mechanical conversion. This principle is
shown in Fig. 1.
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Fig. 1: Energy Harvesting Principle from Human Body Motion.

The second order differential equations of moving mass (1) is ordinary used for solving of displacement
X, velocity X and acceleration X of the mass m. The system operation is effected by mechanical
damping b, and stiffness of the mechanism K . During harvesting of electrical energy this dissipation of

energy provides feedback by electro-mechanical damper b, . This system is excited by ambient vibrations
or shocks with acceleration 7.
mX(t) + b, X(t) +b,x(t) +kx(t) =mi(t) (1)

The energetic analyses of this differential equation of the mechanical energy harvester was published
several times, e.g. (Hadas et al., 2010) and (Williams and Yates, 1996). This model corresponds with lab
results and it can be used in technical engineering projects. However, the human body is not a machine
from steel and the human body reacts against the relative oscillation inside resonance mechanism. The
human muscles and skeleton provide damping forces which effects ordinary motion equations and this
equation cannot be used for power analyses. Unfortunately several papers, e.g. (Accoto et al., 2009) and
(Goll et al., 2011), do not reflect this fact and analyses presented in this paper are biased.

This effect can be presented on a simple experiment. The commercial piezo-electric converter from
Company MIDE was used. This piezo converter consists of flexible beam and two thin film layers from
piezo-electric material with electrodes. Electrodes of the piezo layers are connected in series. The beam of
piezo converter provides stiffness of the resonance mechanism with own mechanical damping. The
seismic mass 8 grams was fixed on the beam end.

This simple energy harvesting system is used for energy harvesting analysis in our paper. This system
was excited by initial displacement of the beam end and the system response was measured for different
places. These responses are shown in Fig. 2. The first response, labelled “Table”, was measured with
energy harvesting system on the hand and the hand was propped on a table. The second response, labelled
“Hand”, was measured in free hand and the last response, labelled “Head”, was measured on the head in
an ear area. The measured responses confirm that using of the motion equation (1) is not correct for
energy harvesting analyses in case of biomedical devices. The human body damps energy harvester
oscillation. The differential equation (1) has to be extended to a model of the human body behaviour and
this model has to be verified for design of harvester parameters.
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Fig. 2: Response of Piezo-electric converter on initial displacement; for different position of energy
harvester (fixed on head, in hand and in hand propped on table).

3. Experimental Analyses of Energy Harvesting from Human Motion

However the presented piezo converter can be used for experimental analyses of energy harvesting from
human body motion. The piezo energy harvesting system was fixed in head area and voltage responses
were measured. The example of the voltage measurement is shown in Fig. 3. This measurement provides
response of piezo energy harvesting system during a fine walking.
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Fig. 3: Response of piezo-electric converter on human walking.

There is advantage than a head area does not provide such damping effect as hands, legs or back. This
experiment shows than very low excitation can provide significant voltage response of piezo energy
harvester. Several human body behaviour were analysed and the results are presented in Tab. 1. The
presented values are range of maximal voltage peak in open circuit for different human body behaviour.

Tab. 1: Generated voltage (open circuit) for different body behaviour.

Body behaviour Generated voltage peaks
breathe 200 mV

breathe deeply 300 - 400 mV
facial gestures 400 — 600 mV
speech 600 - 800 mV
walking 1-1.2V
jumping 3-5V




4, Conclusions

The analytical analysis of harvester power from the ordinary motion equation is not suitable for predict of
harvested power from human behaviour such for engineering’s applications. This analytical model has to
be extended to active human body behaviour for correct energy harvesting analysis for biomedical
analyses. Otherwise the presented experimental results are useful for energy harvesting analysis without
energy harvester model with correct excitation and human body feedbacks.

The experimental results of the simple piezo energy harvesting system shows that voltage response of thin
film piezo element are sufficient for processing with current ultra-low power electronics. Recent advances
in integrated circuit technology provides ultra-low power systems for biomedical applications
(Chandrakasan et al., 2008) with power consumption approximately in range 10 — 100 uW. The results
promise that the energy harvesting system in the head area can provide enough energy for powering of the
developed artificial cochlea.

However only open voltage responses were measured and next step of our development is design of
power management circuit which can provide optimal power point tracking and output power of the
energy harvesting system will be analysed. Generally output power of these mechanical converts depends
on their mass. Output power in range 10 — 100 uW are expected from volume for the artificial cochlea but
this power is not provided continuously, only in a burst mode such is shown in Fig. 3.

The experimental results during different human body behaviours provided a preliminary view on energy
harvesting technology in biomedical applications. Energy harvesting technologies are logical concept for
powering of biomedical devices which can improve life of patients, it depends on clinical needs. However
there is long way to implement energy harvesting system to biomedical devices.
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