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Introduction
Energyis definedasάǘƘŜability to doǿƻǊƪέ­­

(1) whileΨIŀǊǾŜǎǘƛƴƎΩwhichis derivedfrom the wordΨIŀǊǾŜǎǘΩmeansάǘƻƎŀǘƘŜǊέ(2). Everythingwe do isconnectedto one form
of energyor another and hence the requirement for energyharvesting. Current types of non-renewableenergysourcesthat are heavily reliant on oil and petroleum
products,natural gas,coaland alsonuclearpower will somedayhavetheir supplycometo an end. A notable method of energyharvestingis trying to generateelectrical
energythrough normal humanmovements. We are aimedto harvestenoughenergyfrom normal humanmovementsto power remote medicalmonitoring and telemetry
systems.
Normalhumanmovementsare beingάŘŜŦƛƴŜŘέas: walking,sitting aroundwith normalhandgestures,simplemovementsfrom the humanbody that doesnot havea fixed
movementpattern. Forexample,a walkinghumanwill encountervibrationcausedby theōƻŘȅΩǎmovementanddifferent bodypartsgeneratedifferent vibrationsduringthe
processof the different movements

Medicalapplicationsthat will be lookedat:
�‡Electrocardiogram(ECG)
�‡BloodPressure
�‡Oximetry
�‡Temperature
�‡PulseRate

aŜŘƛŎŀƭ {ŜƴǎƻǊǎΩ tƻǿŜǊ wŜǉǳƛǊŜƳŜƴǘ

Type Power Requirement 
Electrocardiogram(ECG) 0.2 ς0.3W

Blood Pressure 3.75 W(Peak / Pump running)0.2-0.3W (Nominal)

Oximetrywith PulseMonitoring 0.2 ς0.3 W

Temperature 0.05 ς0.075 W

Vibrations and 
Human Movements

Experiment Results
(Hand, Chest, Ankle & Foot)

As human motions are unpredictable as well as random, pairing the Non-Linear
EnergyHarvestingsystemwith it would seemto be a better move comparedto a
LinearSystembecause:
�‡Non-LinearEnergyHarvesterreturns a higher power output than its Linearcousin

albeitmorecomplex.
�‡It has a wider bandwidth and is able to work much better in the low frequency

environment. (Humanwalk isabout1 to 3 Hz).
�‡Doesnot requireasfrequent tuningcomparedto LinearSystems.

Linear Non-Linear
Must resonateat a Frequency that is close to 

the source frequency
Non-resonant systems that can be operated at 

low frequencies

Narrowbandwidth (High Q-factor) Wider bandwidth

Can be easilyconstructed with cantilevers and 
pendula

Harder to constructcompared to linear 
systems

Linear and Non-Linear 
Energy Harvesting

So why Human Movement with Motion induced Non-Linear Energy Harvesting?
WhyHumanMovement?
Medicalpatients who need to be monitored are alwaysladen with sensorsthat will
compromisetheir movement with wires and cablesattached to them to provide
powerto the sensors.
And as the patient still needsto move to άƻǇŜǊŀǘŜέΣthese motions and movements
canbe usedasa powergeneratingtools to helpminimizethe useof wiresattachedto
them by comingup with a medicalsensoryboxthat will haveall the abovementioned
sensorsencasedin a wirelesscase.
Theboxwill then includethe medicalsensorsrequiredaswell asthe energyharvester
to enablepowergenerationwhile the patient ison the move.
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If compared, άǘȅǇƛŎŀƭέ
vibrations are easier to
manipulate than human
movements. Human
movement portrays motion of
randomness. Vibrations
generated from repetitive
humanactionswill not evenbe
the same (graphs attached).
However, the vibrations
generated from machines for
example can be easily
manipulated by adjusting the
ƳŀŎƘƛƴŜΩǎspeed and
characteristics. Thus the
difference between human
movements and the άǘȅǇƛŎŀƭέ
vibration.
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Hand

�‡Peakg for X-Axisisat 1 Hzwhile for Y-Axisisat 1.75Hz.
�‡TheY-!ȄƛǎΩpeaksarealmostdoubleof the X-!ȄƛǎΩfrequencydue to the arm swing
motion duringthe humanwalk. (ToandFrofor eachfootstep)
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Chest

�‡Peakg for X-Axisisat 0.75Hzwhile for Y-Axisisat 1.75Hz.
�‡The Y-!ȄƛǎΩfrequency at 1.75 Hz explainsthe double foot strike of both feet during
walkingmotion. Sothe swayingmotion capturedby the X-Axisshouldbe at about half of
the Y-!ȄƛǎΩfrequency. Y-Axishasa slightlyhigheramplitudedueto the bounceof the walk.
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Ankle

�‡Peakg for X-Axisisat 1.5 Hzwhile for Y-Axisisat 1.5 Hz.
�‡BothŀȄƛǎΩare of the samefrequencybecausethe to and fro motion of the foot is
similarwith eachfoot strike. (Asetof to andfro movementequalsto a foot strike.)
�‡Alsonotice the X-Axishasa higheramplitude,this is due to the swingin the foot
duringthe to andfro motion asthe accelerometerisplacedon the sideof the ankle
duringexperiment.
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Foot

�‡Peakg for X-Axisisat 1 Hzwhile for Y-Axisisat 0.75Hz.
�‡Both!ȄƛǎΩare at about the samefrequencybut notice the Y-!ȄƛǎΩamplitude. It is much
higherthan the X-Axisdue to the heelstrikeof the foot. Andasthe foot itselfŘƻŜǎƴΩǘsway
asmuch,X-!ȄƛǎΩamplitudeisconsiderablylessthan normalaswell.


