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ABSTRACT

Day by day, the population of the country increased and the requirement of
thepower is also increased. At the same time the wastage of energy also increased
inmany ways. So, reforming this energy back to usable form is the major solution.
Astechnology is developed and the use of gadgets, electronic devices also
increased.Powergenerationusingconservativemethodsbecomingdeficient. Thereisane
cessityarisesforadifferentpowergenerationmethod.Atthesametimetheenergyiswastedd
uetohumanlocomotionandmanyways.Toovercomethisproblem, the energy wastage
can be converted to usable form using the piezoelectricsensor. This sensor converts
the pressure on it to a voltage. So, by using this energysaving method, that is the
footstep power generation system we are generatingpower. Man has needed and
used energy at an increasing rate for the sustenanceand wellbeing sincetime
immemorial. Due tothis a lot of energy resources
havebeenexhaustedandwasted.Proposalfortheutilizationofwasteenergyoffootpowerwit
hhumanlocomotionisverymuchrelevantandimportantforhighlypopulatedcountrieslikeln
diawheretherailwaystation,templesetc.,areovercrowded all round the clock. In this
paper the force energy is produced by humanfootsteps and the force energy is
converted into mechanical energy by rack andpinion mechanism, electricity is
producedby dc generator. Andthis power sourcehas many applications as in
agriculture, home application and street lighting and asenergy source for sensors in
remote locations. This paper is all about generatingelectricity when people walk on
the Floor. Think about the forces you exert which iswasted when a person walks by.
The idea is to convert the weight energy to electricalenergy The Power generating
floor intends to translate the kinetic energy to theelectrical power. Energy Crisis is the
main issue of world these days.The motto ofthisresearchwork is tofacethis

crisissomehow
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CHAPTER -
1INTRODUCTIO

N

This Chapter deals with the introduction of our project in a detailed
manner,Future we will get into the analysis of the problem statement of our project

and itsobjectiveswhich willdefinethescope oftheproject.

1.1 Introduction

The usage of traditional power generation method such as burning of
coal,wood, diesel etc is continuously depleting our natural resources such as fossil
fuelwhich is the demand for power has exceeded supply due to the rising population.
Inaddition to this the traditional method cause population. Has the potential to
redefineurban space by adding a sense of fluidity and encouraging people to activate
spaceswith their movement. The crowed farm floor is composed of standard parts
that areeasily replicated but it is expensive to produce at this stage. This technology
wouldfacilitate the future creation of new urban landscape athletic field with a
spectatorarea,musichalls,theatres,nightclubsandlargegatheringspaceforrallies,demon
strations and celebration Proposal for the utilization of waste energy of
footpowerwithhumanlocomotionisverymuchrelevantandimportantforhighlypopulatedco
untrieslikelndiaandChina wheretheroads,railwaystations,busstands, temples etc. are
all over crowded and millions of people move around theclock.Thiswhole human bio
energy beingwastedifcan be madepossible forutilization it will be great invention and
crowd energy farms will be very useful energysources in crowded countries. Walking
across a “Crowd Farm”, floor, then will be funfor idle people who can improve their
health by exercising in such farms with earning.The electrical energy generated at
such farms will be useful for nearby
application.Foranalternatemethodtogenerateelectricitytherearenumberofmethodsbyw
hichelectricity canbeproduced,outif suchmethods footstep energy generationcan be
an effective method to generate electricity. Walking is the most commonactivity in
human life. Whena person walks, he loses energy to the road surface

intheformofimpact,vibration,soundetc.Duetothetransferofhisweightontothe
1



road surface, through foot falls on the ground during every step. This energy can
betapped and converted in the usable form such as in electrical form. This device,

ifembeddedinthefootpath,canconvertfootimpactenergyintoelectricalform.

1.1.1 Piezoelectricity

Piezoelectricity was discovered in 1880 by Pierre and Paul-Jacques Curie,
whofoundthatwhentheycompressedcertaintypesofcrystalsincludingquartz,tourmaline,
and Rochelle salt along certain axes, a voltage was produced on thesurface of the
crystal. This effect is known as piezoelectric effect. Piezoelectricity is aform of
electricity created when certain crystals are bent or otherwise deformed.These same
crystals can also be made to bend slightty when a small current is
runthroughthemencouragingtheiruseininstrumentsforwhichgreatdegreesofmechanical
controlarenecessary.Apiezoelectriccrystalconsistsofmultipleinterlocking domains
which have positive and negative charges. These domains aresymmetrical within the
crystal lattice, causing the lattice as a whole to be electricallyneutral When stress is

put on the crystal, the symmetry is slightly broken generatingvoltages.

1.1.2 FootstepPowerGenerationUsingPiezoelectricSensors

There are a number of approaches being used to generate alternative

powersupply.

1.1.2.1 PiezoelectricSmartRoadSensor

One among the other methods is piezoelectric smart road sensor. Here
smartroads refer to the roads on which piezoelectric sensors can be placed in order
togenerate electricity. When any vehicle moves on the roads it produces very
smallvertical deformations and vibrations on the roads. The increasing demand of
theelectricityforcesus tothink aboutharvestingthatvibrationenergyfromvehicleswhichis

wasted otherwise.



1.1.2.2 FlooringTiles

Japan has already started experimentation with the use of piezoelectric
effectfor energy generation. They implement piezoelectric effect on the stairs of the
bus.Thus, every time passenger steps on the tiles; they trigger a small vibration that
canbe stored as energy. The flooring tiles are made up of rubber which can absorb
thevibration. This vibration generates when running or walking on it. Under these
tilespiezoelectricmaterial are placed. Whenthe movementis felt by the material,
theycan generate the electricity. This generated energy is simultaneously stored into
thebattery. Generated electricity we can use the lightning of lamp or street light.
Energyis generated by step of one human being is too less but if humber of steps

increasesultimatelyenergyproductionalsoincreases.

1.1.2.3 DanceFloors

Europe is another one of the countries which started experimenting use
ofpiezoelectric crystal for energy generation in night clubs. Floor is compressed by
thedancer's feet and piezoelectric materials makescontact and
generateelectricity.Generated electricity is nothing but 2-20 watt. It depends on

impact of the dancer'sfeet.

1.1.3 AvailableTechniquesinPast

Generation of electricity using foot step is not a new concept there are

manytechniquesavailable inthepastfor thispurpose, someof whichare

* Flywheelandgeararrangement

» Staircasefaraday'slawarrangement

+ Rackandpinion

« Chainsprocketarrangement
Thesealltechniquesareprovedtobeverycostlyandwerenotpracticallyfeasibleindaytodayrea
| life.

1.1.3.1 Flywheelandgeararrangement
Thethrustpoweristransformed
intoelectricalenergybymeansofasuitabledrivedevice.Theracksareattachedtotheslopingfl

oor.Thespringtideis



used to release the load and restore operational the same tilted position. The
pinionshaftisconnectedtothebearingbyendbearing.Largergearsalsoengagethepinion
shaft and operate at the same speed. The largest sprocket is attached to thesmall
gear ring via the chain. This large sprocket is used to convert the torque of
thesmallest sprocket. The smallest sprocket rotates in a direction similar to the
directionof rotation of the high sprockets on the front and rear. This action is freezes

like abicyclepedal.

1.1.3.2 Staircaseandfaraday's lawarrangement

People who go up or down the stairs will apply impact force or push up
thestairs in the spring. This impact pressure energy can be used to operate the
powerflywheel through a one-way ratchet device using a chain and sprocket drive.
Theflywheel stores energy and uses it for continuous rotation of the generator pulley
andbelt drive system. It consists of three steps that steps the staircase box unit which
isshown in the below figure 1.1.3.2. All stages are coupled to the large gear, which
inturn is coupled to the small gear through the chain drive. The small gear in turn
iscoupled to the ratchet wheel, allowing only the unidirectional rotation of the
ratchetwheel of the sleeve shaft. Likewise, every two large gear wheels are
individuallycoupled to the same single shaft through the separate chain mechanism.
When aperson iswalking ontheindividual stage, whilethis particular pair of gears
rotatestheratchetwheelandthereforethemainshaftrotatesatthistime. Therefore,thesum
of the total accumulation of rotational energy is carried out on a single main axis.The
main shaft is only installed with the wheel that continues to rotate at high
speed.Theflywheelusingthedrivebeltcoupledtothegeneratorpulleyrotatesthegeneratorfi

eldrotor andthe EMFthatisgeneratedinthestatorwinding.
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Fig:1.1.3.2Staircaseand faraday'slawarrangement



1.1.3.3 Rack&PinionandchainSprocketarrangement

Racks and pinions are a type of linear actuator that includes a pair of
gearsthat convert rotational motion into linear motion. The circular gear engrosses
teeth ona linear bar “gear”, the frame. Rotational movement applied to the pinion

woulddisplacethe rack toone side,tothelimit of itstravel.

1.1.3.4 ChainSprocket

A pinion is a reported wheel with teeth that makes net with a chain, a path
orother punctured or indented material. It differs from a gear that the pinions do
notmesh directly with each other, and differs from a pulley in which the gears have
teethand the pulleys are smooth. Here, the spring-andrack arrangement is attached
to theinclined passage. The method of releasing the load spring and returning the
tiltoperation at the same position is used. The pinion shaft is connected to the
bearingby end bearing the larger gear also involves the pinion shaft so that it runs at
theequivalent speed. The larger gear is attached to the small ring gear by means of
thechain (ring). This large pinion is used to transmit the torque of the smaller
sprocket.The small pinion rotates in the same direction as the direction of rotation of
the frontand large rear sprockets. This action locks up like a bicycle pedal. The wheel

andsprocketare coupled to the smaller sprocketshaft.



1.2 Descriptionofproject

Footstepenergygenerationcanbeaneffectivemethodtogenerateelectricity.
Walking is the most common activity in human life. When a person walks,he loses
some energy to road surface in the form of impact, vibration and sounds etcdue to
transfer of his weight on to the road surface, through foots falls on the groundduring
every step result in losing kinetic energy. This kinetic energy can be tappedand
converted in to usable form such as in electrical form. This procedure
containsnumberofsimpleconfigurationsthatarefittedunderthewalkingfloor.Walkingonthi
s platform, body weight compresses the piezoelectric transducers that
produceelectric power. The current generated is stored in the battery. Greater
circulation ofpeople will generate more power. A piezoelectric transducer is an

electrical generatorthatproducesdirectcurrentwhenpressure isappliedupon it.

Thisprojectistodevelopanewsourceofrenewableenergywithlow-costbudgetwith the
help of Atmega 328p as the microcontroller. The footstep power
generationsystemistocapturethetypicallywastedenergysurroundingasystemandtransfo
rming it into electrical energy. The technique used in gaining the energy is
viapiezoelectricmaterials. Thismethodemployspiezoelectriccomponentswheredeformat
ionscreated bydissimilar means
aredirectlytransformedintoelectricalchargethroughpiezoelectriceffect.Afterwards,theel
ectricalenergycanberegulated or stored for further use. In this project, we are
generating electrical poweras a non-conventional method by simply walking or
running as the input source. TheLCD will then displayed the amount of voltage
generated by the circuit. The highestvoltage generated in this project is 4.31 V. Then,
the voltage stored in the battery canbe used to charge the mobile phone. The results
shown that this footstep generationsystem isvery importantforutilizationin
today’sworld.

Thesystemallowsforaplatformforplacingfootsteps. Thepiezosensorsaremounted below
the platform to generate voltage from footsteps. The sensors areplaced in such an
arrangement so as to generate maximum output voltage. This
isthenprovidedtoourmonitoringcircuitry. Thecircuitisamicrocontroller-

basedmonitoringcircuitthatallowsusertomonitorthevoltageandchargesaconnected
6



battery by it.lt also displays the charge generated and displays on an LCD
display.Also, it consists of a USB mobile phone charging point where user may
connectcables to charge mobile phone from the battery charge. Thus, we charge a
batteryusing power from user footsteps, display it on lcd using microcontroller circuit

andallowformobile charging throughthe setup.

1.3 ProblemStatement

The problem addressed by the footstep power generation project using
amicrocontroller is the need for sustainable and renewable energy sources in
varioussettings. With the increase in global energy demand and the negative impact
oftraditional energy sources on the environment, there is a need to develop

alternativeenergysourcesthat arebothenvironmentallyfriendly andefficient.

Footsteppowergenerationsystemsofferapromisingsolutiontothisproblem,asthey  can
generate electricity using human motion, particularly in crowded areas suchas
shopping malls, airports, and stadiums. However, the existing footstep
powergeneration technologies have some limitations in terms of efficiency, reliability,
andcost-effectiveness. Therefore, the problem statement for this project is to design
anddevelop a footstep power generation system using a microcontroller that is
efficient,reliable, and cost-effective, and can generate sufficient electricity to power
variousdevices and applications. This system would help address the need for
sustainableandrenewableenergysources,particularlyincrowdedareas,andcontributetor

educingthenegativeimpactoftraditionalenergysourcesontheenvironment.

The project on footstep power generation using a microcontroller aims to address
theneed for sustainable and renewable energy sources by developing a system that
cangenerateelectricityusinghumanmotion. Theprojectinvolvesresearchingandanalyzin
g existing footstep power generation technologies, designing and developinga power
generation system using a microcontroller, programming the
microcontroller,testingandoptimizingthesystem,anddocumentingandpresentingtheproj
ect.



The problem statement for the project is the need for sustainable and
renewableenergy sources in various settings, and the limitations of existing footstep
powergeneration technologies in terms of efficiency, reliability, and cost-
effectiveness. Theproject aims to design and develop an efficient, reliable, and cost-
effective footsteppower generation system that can generate sufficient electricity to
power variousdevices and applications and contribute to reducing the negative

impact of traditionalenergysourcesontheenvironment.
e Astechnologyisdevelopeduseofelectronicsequipmentalsoincreased
e Conventionalmethodsofpowergenerationbecominginsufficient.
¢ ltintroducedanewproblem,lackofpower.
e Thereisaneedarisesforanalternativepowergenerationmethod

e Atthesametimeenergy

iswastedinmanyformandoneofthemisduetothehumanlocomotion

1.4 Objectiveoftheproject

In this foot step, power generation project is to convert foot step,
walkingand running energy into electrical energy. It is used to generate electricity
from bywalking on foot step. The need of electrical energy is increasing day by day.
Butpowergenerationconventionalresourcesarenotenoughfor a total
demandofelectricalenergy.Therefore,manyresearchersareworkingonnon-
conventionalways of electrical power generation. Footstep power generation system
is also a non-conventional electrical energy production system. It converts
mechanical energy offootsteps into electrical energy by using transducers. This
power generation systemcan become very popular among countries like Pakistan,
china, India. It can beimplementedonroads,bus stations,andmany publicplaces.

e Togeneratetheelectricitythroughthehumanfoot
e Toprovide electricityinruralarea
¢ Topromotethenon-conventionalenergysource

e Tosaveconventionalenergysources



e Tostoretheelectricityfor further use

e Toproduceelectricityatcheapestcost

1.5 Scopeoftheproject

Thescopeofaprojectonfootsteppowergenerationusingamicrocontrollercouldincludet

hefollowing:

Research and analyze existing footstep power generation technologies: The
projectwouldinvolveconductingresearchtounderstandhowexistingfootsteppowergener
ation technologies work, their limitations and advantages. This research

wouldbeusedto informthedesignof anewfootstep power generationsystem.

Design and development of the power generation system: The project would
involvedesigninganddevelopingafootsteppowergenerationsystemusingamicrocontrolle
r. Thesystem wouldinclude sensors thatcan detectthe pressure ofthefootstep,

whichwould be usedto generate electricity.

Programming of the microcontroller: The microcontroller would be programmed
tocontrol the power generation system. This would include setting up the sensor
todetectthefootstepandusingthedatafromthesensortocontrolthepowergenerationsyste

m.

Testing and optimization: Once the power generation system has been designed
anddeveloped,itwouldneed to betestedto ensure thatitworks asexpected.Thesystem
would be tested under different conditions, such as varying footstep pressure,to
ensure that it is reliable and efficient. Any issues discovered during testing
wouldbeaddressed,andthesystem wouldbeoptimized toimproveitsperformance.

Documentation and presentation: Finally, the project would involve documenting
thedesign, development, and testing process. This would include creating a report
thatdescribesthesystemanditsperformance,aswellaspresentingtheprojecttostakeholde

rs,suchas theproject supervisor,peers,andpotentialinvestors.



Overall, the project on footstep power generation using a microcontrollerwould aimto
create a sustainable and renewable energy source that can be used to
powervariousdevicesandapplications.ltwouldinvolveamultidisciplinaryapproach,combi
ning engineering, programming, and design skills to develop an efficient

andeffectivesystem.

1.6 OverallSummaryofthe Project

Theprojectonfootsteppowergenerationusingamicrocontrolleraimstoaddress the
need for sustainable and renewable energy sources by developing
asystemthatcangenerateelectricityusinghumanmotion. Theprojectinvolvesresearching
andanalyzingexistingfootsteppowergenerationtechnologies,designinganddevelopinga
powergenerationsystemusingamicrocontroller,programmingthemicrocontroller,testing

andoptimizingthesystem,anddocumentingand presenting the project.

The problem statement for the project is the need for sustainable and
renewableenergy sources in various settings, and the limitations of existing footstep
powergeneration technologies in terms of efficiency, reliability, and cost-
effectiveness. Theproject aims to design and develop an efficient, reliable, and cost-
effective footsteppower generation system that can generate sufficient electricity to
power variousdevices and applications and contribute to reducing the negative

impact of traditionalenergysourcesontheenvironment.
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CHAPTER -
2LITERATURESURVE

Y

2.1 Introduction

Thischapterdealswiththesystematicstudyofpapersandworksfromtheolder
inventions and presentations of international journals and conferences and thedata
will be tabulated for a quick summary of revision. Through this, we have
gainedknowledge on correcting the mistakes and gained knowledge on factors that

involvedinfuturescopes.

2.2 Inferencefromliteraturesurvey

Baswaraj Gadgay, D.C Shubhangi, H Abhishek, IEEE, “Foot Step
PowerGeneration Using Piezoelectric Materials” - (December 2021)As electrical
energyutilizationisexpandingdramatically.Consequently,theneedofasecureandfinancia
lly reasonable force age and dissemination framework requests a specificinterest.
This paper proposes a model that utilizes human strolling, hopping andrunning as a
well spring of energy and stores it for fundamental use. Such a model isable in
demography that of a nation like India which has a particularly immenseperson on
foot populace. This paper represents a technique for gathering this humanheadway
energy with the utilization of piezoelectric sensor and shows an applicationwith the
put away energy for example to charge a cell phone safely and also used toglow an
LED based on the motion using the passive infrared sensor. The groundresponse
power (GRF) applied from the foot, when changed over to voltage
bypiezoelectricsensorsissufficientlyfittocontrolupadevice.Progressiveeffortpromptsape
riodicvoltagedevelopwhichwithappropriatehardwarecanbeutilizedtochargeacapacity
battery.Theforcecreatedbythismethod canlikewisebeutilized in essential application,
for example, road lighting, notice sheets, exercisecenters and different spaces of
public area. It likewise advances efficient

powerenergyandclimateagreeablemethodologytowardsenergyage.Inthispaperwe
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havegiventheessentialideaandconfigurationsubtletiesofthismodelandafundamentalex

ecutionof theequivalent.[1]

Joydev Ghosh; Supratim Sen; Amit Saha; Samir Basak,|[EEE, “Electrical
PowerGenerationUsingFootStep forUrbanAreaEnergyApplications”™ (August2013)

Inthispaperwehavepresentedthedesignmethodologyofelectricalpowergeneration
using foot step for urban area energy applications. Man has
neededenergyatanincreasingrateforhissustenanceandwellbeingeversincehecameon
the earth. Due to this lot of energy resource have been exhausted and
wasted.Proposal for the utilization of waste energy with foot power human locomotion
is verymuch relevant and is very important for highly populated countries in INDIA
andCHINA, where the roads, railway stations, bus stands and temples are
overcrowdedand millions of people moving around the clock. By using such principle,
the energycan be utilized in the whole area where the mechanical energy is being

converted toelectricalenergy.[2]

P.HemaChandu;A.VenkataVinay;K.N.D.Jagadeesh;S.S.V.KanakaRaju;V.G.Mani

Sharan, IEEE , Foot Step Micro-Level Power Generation- (December2022 ) In this
paper, we presented an ideology for designing & implementing micro-level power

generation to achieve reliable & sufficient amounts of power by usingpiezo-electric
transducers. Based on the principle of converting mechanical pressureinto electrical
energy. The main intention is to draw the required amount of power byusing the
mechanical press through sources like footsteps, and vehicles to

produceandcontinuous powersupply tosatisfy ourbasic needs.[3]

Sanjit V K; Nirmitha S; Remya Jayachandran; Vijayadurga P; Yashaswini G Y,
IEEE,“Parametric Analysis of Piezoelectric-Sensor Array In Foot Step Power
GenerationSystem” — (December 2022) The footstep power generation system using
differentconfigurations of piezo-sensors are analyzed in this paper. Energy generated
byhumanwalking,jumpingandrunningisusedasasourceofenergywhichisconvertedtoane

quivalentelectricalenergyusingpiezoelectriceffect. Experimental

12



analysis of circular type piezoelectric sensors connected in different configurations-
series, parallel and combination of series-parallel and sensors of various
diametersshowthatseries-

parallelcombinationgeneratesmorevoltageandisstablecompared to other
configurations. Circular  type piezo sensor model is developed
intheCOMSOLMultiphysicssimulatorwhichshowsnearperformancewiththeexperimenta

Iresults.[4]

Rajesh Kumar Datta; Sazid Rahman, IEEE, “Power Generating Slabs: Lost

EnergyConversion of Human Locomotive Forceinto Electrical Energy” — (December
2014)In the world of modern technology, newer sources of energy and new methods

ofpower generation are two important area of interest for researchers and
engineers.Recently a new method is established to generate power from the lost
energy of ahuman during his/her locomotive period. A piezoelectric sensor based
costly productis available in some developed countries which can generate power
from humanlocomotive force, but it is not suitable for countries like Bangladesh
where powerdemand is very high but economy is not highly developed. In this paper
we willexplain the design and construction method of a “Power Generating Slab”
which canbe used to generate power by establishing anywhere of the walking zone of
human(roads, stairs, pavements, dais etc). This is done in a low-cost process with
locallyavailable equipments (micro-generator, iron plate, rack pinion gear, free-
wheelingsystem, spring etc). These slabs can easily sustain human weight when
people walkalong them. With a small deformation of spring, the weight (mechanical
energy) of ahuman body is converted into electrical energy by rotating a micro-
generator with thehelp of a “rotating shaft' coupled with it. From each foot step almost
10V-12V isgenerated. This energy is stored in a rechargeable battery which can be
used as apower source to drive loads. Assembly of some power generating slabs can
givebetterresult. Thisisamethodwhichisreusableanditwillrunforalongerperiod.[5]

13



P.A. Harsha Vardhini; Matta HarshaSri Vishnu Sai; Bhargavi Matta, |EEE,
“‘HumanFootstepPowerHarvestingSystemsusingPiezoelectricSensorTechnology”-
(March 2022) Power has a lot of application in our daily life and the technology
madethe devices to improve the application of natural power in many more efficient
ways.Many ways exist to generate power. To generate electricity, in smartest ways,
footstep energy generation could be the efficient method for the generation of
electricity.Man uses power whenever needed without thinking about the
consequences to befaced in future. Due to this many of the resources have been
diminished. We canconvert the energies into usable forms such as electrical form
and many other forms.This device saves power and has the capacity of converting
energy produced by
footintotheelectricalform.Energythroughpedalisanefficientsourceforpowerproduction.
Man'skineticenergyisusefulinmanywaysandalsothepowergeneration is easy and can

be efficiently done. These technologies generate powerforallelectronic appliances.[6]

AgusDwiTriono;ArthurDanielLimantara;EdyGardjito; Y osefCahyoSetiantoPurnomo;Ah
madRidwan;HeryLilikSudar,|[EEE,“UtilizationofPedestrianMovementontheSidewalkas
aSourceofElectricPowerforLightingUsingPiezoelectric Censors” — (September 2018)
In big cities, walking activity is very high,especially in the center of community
activities such as trade centers, offices, andeducation. Therefore, a good pedestrian
facility is needed regarding safety, comfort,and beauty. But now the pedestrian facility
mostly becomes a five-times trading areaor even a place to plant shade trees and
also made as a parking location. Thepurpose of this research is to design the
sidewalk design with the latest innovation, toattract the public to use the sidewalk to
walk, by making the street as an independentpower source by applying Piezoelectric
Sensor Technology as energy
conversionmedia,calculatingtheaveragepowerineverysinglesteppedestrian,andtheave
ragenumberofwalkers.The results of thisstudycanbeseen thatwiththedesign of the
sidewalk in such a way as to get, for every 1 step footing produces avoltage of 6.8 V
and power 0.000319 Watt when given 441 N style, the voltage willcontinue to
increase as the force gets heavier in giving to piezoelectric, in this designthe author
uses 4 pieces of piezoelectric arranged parallel in one-pieces media, withanaverage

o0f3207steps perminuteneeded to beasourceof energy.[7]
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Ramanamma P; M. Jayanthi; Anuj M A; A. Dharmik Sai Reddy; Devu
MaheswarReddy;G.PavanKalyanReddy,|[EEE,“FootstepsBasedSustainableEnergyGe
neration and Consumption System” - (February 2023) The interest for
reasonableEnergy age and utilization is expanding step by step as thehuman
populace isrelying more upon electronic gadgets for their everyday life. Hence, the
need of a full-evidence and monetarily practical power age and circulation framework
requests aspecific attention. This task proposes usage of human loco motion energy,
whichalbeit extractible goes principally to squander. This demo offers a model that
utilizeshuman strolling, hopping and running as a wellspring of energy and stores it
forfundamental use. Such a model is able in a demography that of a nation like
Indiawhich has such a colossal walker populace. This framework represents a
techniquefor collecting this human headway energy with the utilization of
piezoelectric sensorand exhibits a request with the put away energy i.e., to charge a
cell phone
safelyutilizingRFID.Thegroundresponseforce(GRF)appliedfromthefoot,whenswitched
over completely to voltage by piezoelectric sensors is sufficiently able tocontrol up a
gadget. Advanced effort prompts aperiodic voltage develop which withlegitimate
hardware can be utilized to charge a capacity battery. The power deliveredby this
method can likewise be used in fundamental application, for example, roadlighting,
notice sheets, rec centres and different areas of public space. It likewiseadvances
efficient power energy and climate cordial methodology towards energyage. In this
undertaking we will give the essential idea and configuration restraints

ofthismodeland afundamentalexecutionof the equal.[8]

Tom Josh V, Binoy Boban, Sijo MT, IJSRP, “Electricity Generation from Footsteps;
ARegenerativeEnergyResource”-
(March2013.)Inthisresearchpaperauthormanufactured) a model made from stainless
steel, recycled car tires and recycledaluminium, also includes a lamp embedded in
the pavement that lights up every timea step is converted into energy (using only 5
percent of the generated energy). A slabof concrete harnesses kinetic energy
whenever it is stepped on. This energy, createdby 5millimetres of flex in the material,
is then either stored by lithiumpolymerbatteries contained within the slabs or

transmitted immediately to streetlights or
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otherelectronicslocatedcloseby.Theaveragesquareofpavementproducesabout2.1

16



watts of electricity.And according to author, any one square of pavement in a high-
foot traffic area can see 50,000 steps a day.Based on this data, only five units

ofPavegenpavementcanbeenoughtokeepthelightsonatabusstopallnight.[9]

ShirazAfzal,FarrukhHafeez,|JART,“PowerGenerationFootstep”(April2014.) This

paper is all about generating electricity when people walk on the Floor if we areable
to design a power generating floor that can produce 100W on just 12 steps, thenfor
120 steps we can produce 1000 Watt and if we install such type of 100 floors withthis
system then it can produce 1MegaWattAs a fact only 11% of renewable
energycontributes to our primary energy.If this project is deployed, then not only we
canovercome the energy crises problem but this also contributes to create a

healthyglobal environmental change. In this project a gear system is attached with
flywheelwhich causes to rotate the dynamo as the tile on the deck is pressed, the
power thatis created is saved in the batteries in addition we will be able to monitor

and controltheamount ofelectricity generated.[10]

Vipin Kumar Yadav, Vivek Kumar Yadav, Rajat Kumar, And Ajay Yadav,
IJSER,“Power Generation Through Step” — (May 2014)In these research paper
authorsused equipment’s withfollowingspecification: Motor Voltage:10-volt Type:
D.C.Generator, RPM:1000 rpm, Gear 1 Mild Steel, No.of teeth:59(big gear), No.
ofteeth:36(small gear), Type: Spur Gear, No. of gear used:2 Spring 1- Load
bearingcapacity:60-90kg,MildSteel, Totaldisplacement:5inch,bearing1-
Type:Ballbearing, bearing no. N35, Shaft 1-Diameter:15 mm- Material:Mild steel
authorconcluded that with this method energy conversion is simple efficient and

pollutionfree.[11]

C. Nithiyeshkumar, K. Gowtham, M. Manikandan, P. Bharathkanna, T. Manoj
Kumar,IJLTET, “Power Generation in Automobile Suspension System” - (January
2015.) Inthis research paper authors studied three methods of foot step power
generationnamelypiezoelectricmethod,rackandpinionmethodandfuelpistonmethodco

mparativelyandfoundthattherackandpinionmechanismismoreefficientwith
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moderatecostofoperationandmaintenance.lncurrentscenario,poweristheprimary need
for the survival of human life. Researches shows that large amount
ofpowerisgeneratedfromnon-renewableenergyresourcescomparedtothatofrenewable
energy resources. The extensive usages of available resources in recentyears
created a demand for the future generation. To overcome this problem, weneed to
utilize renewable energy sources for power generation and conservation.Therefore,
the focus now is shifting more and more towards the renewable source ofenergy,
which are essential and non-polluting. In this paper it is mainly focused toprovide the
detailed survey of power generation ~mechanism from renewable
energyresourcesincludespiezoelectricmechanism,rackandpinionmechanism,pistonme

chanism and the roller mechanism.[12]

Md. Azhar, Zitender Rajpurohit, Abdul Saif, Nalla Abhinay, P. Sai Chandu,
IJMETMR“GenerationOfElectricalEnergyFromFootstepUsingRackAndPinionMechani
sm” — (June 2017). In this research paper authors used regulated 5V power,500mA
power supply. Bridge type full wave rectifier is used to rectify the ac output
ofsecondary of 230/12V step down transformer. A rack and pinion are a type of
linearactuator including a pair of gears which convert rotational motion into linear
motion.The “pinion" engages teeth on the rack. In this paper, since the power
generationusing foot step get its energy requirements from Non-renewable source of
energy.There is no need of power from external sources (mains) and there is less
pollution inthis source of energy. It is very useful to the places like all roads and as
well as allkindoffootstepwhichisusedtogeneratethenon-

conventionalenergylikeelectricity. [13]
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RichMeier;NicholasKelly;OmriAlmog;PatrickChiang,IEEE“APiezoelectricEnergy-
harvesting Shoe System for Podiatric Sensing” - (August 2014) This
paperprovidesanenergy-harvesting,shoe-
mountedsystemformedicalsensingusingpiezoelectrictransducersforgeneratingpower. T
heelectronicsareintegratedinsidea conventional consumer shoe, measuring the
pressure of the wearer's foot exertedon the sole at six locations. The electronics are
completely powered by the harvestedenergy from walking or running, generating 10-
20 pJ of energy per step that is thenconsumed by capturing and storing the force
sensor data. The overall shoe systemdemonstrates that wearable sensor electronics

can be adequately powered throughpiezoelectric energy-harvesting.[14]

DurgadeviS;AnbazhaganR;HariniR;VimonishaA,IEEE,“AReviewofPerformance
Optimization of Footstep Energy Harvester’ — (March 2022) The energydemand and
consumption are continuously increasing and in exponential steps.
Thisrequirementleadstohighdemandofgenerationofelectricitybysomeotherharmlessan
decofriendlyway.Thus,therecentresearchscenarioseeksforavailabilityofenergyfromany
alternatesources.Thereareseveralproposalsdescribed by various researchers for
generation of green and renewable energy. Inthis work, energy generation is
proposed by effective conversion of waste energyextracted from the foot step
movements and this method of energy generation ishighly appreciated and followed
in most of the countries and also in India. The placeslike railway station, temples,
malls and etc., have more mobility of people and whichare considered to be
theimportant sources offoot energy. Thebestway to
extractthefootenergyissuggestedusingpiezoelectricbasedtechnology,wherefloorsenso
rsareusedtosensethepressureexertedonaparticularplaceandpiezoelectric sensors are
used to convert them into an electrical quantity. AppropriateDC-DC converter is then
used for increasing the magnitude of power generated
andsuitableoptimizationtechniqueisbeingsuggestedtoimprovetheperformanceparamet
ers of the generated power in order to enhance the quality of output. Theboosted
voltage is then stored and available as an energy source whenever required.The
adaptability of piezo based technique in a real-time environment and its

benefitsarecomparatively analyzedwithother sourcesof renewable energy.[15]
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CHAPTER-3

HARDWAREANDREQUIREMENTSANALYSIS

3.1 Introduction

This chapter explains about the equipment used in developing the device
whichhelps to control the foot step power generation equipment’'s using
microcontroller,suchasAtmega328P,Piezoelectricsensors,Rechargeablebattery, 16*2L
CD,Mobilecircuit charger, Capacitor,Diode, Switch, andjumper wire andtheir

pinoutsareexplained in detail.

3.2 Atmega328P

TheATmega328isasingle-
chipmicrocontrollercreatedbyAtmelinthemegaAVRfamily(laterMicrochipTechnologyac

quiredAtmelin2016).lthasamodifiedHarvard architecture8-bit RISCprocessor core.

ATMEGA328Pishighperformance,lowpowercontrollerfromMicrochip. ATMEGA3
28P is an 8-bit microcontroller based on AVR RISC architecture. It is themostpopular
ofallAVRcontrollers as itis usedinARDUINO boards

The ATMEGA328P-PN is a popular microcontroller due to it being a
majorcomponent in the Arduino board products. The ATMEGA328P-PN is the 8-bit
RISCheart of the Arduino Unoand Nano,with a maximumclock
frequencyof20MHz,32KBprogramFLASH,and2KB ofRAMis shown in thefigure3.2.
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ATMEGA328P Pinout

ARDUINO ATMEGA328P PIN DETAILS WITH ARDUINO FUNCTIONS ARDUINO
PINS PINS
Reset (PCINTI4/RESET) PC6 Pinl Pin28 PCS (ADCS/SCL/PCINTI3) Analog Input S
Digital Pin 0 (RX) {PNTI6RXD)  PDO  Pin2 Pin27 PD& (ADC4/SDA/PCINTI2) Analog Input 4
Digital Pin 1 (RX) PCNT17/TXD)  PD1  Pin3 Pin26 PD3  (ADC3/PCINT1L) Analog Input 3
Digital Pin 2 [PCINTIZINTO)  PD2 Pind Pin25 PC2  (ADC2/PCINT1O) Analog Input 2
Digital Pin 3 (PWM) = (PCINT19/OC28/INT1) PD3 PinS Pin24 PC1 (ADCL/PCINTS) Analog Input 1
Digital Pin 4 PD4  Pin6 Pin23 PCO (ADCO/PCINTB) Analog Input 0
Vee Vee  Pin7 Pin22 GND GND
D GND Pin8 Pin21 AREF Analog Reference
Crystal [PCINTE/XTALL/TOSC]) PBE  Pind Pin20 AVCC Vee
Crystal [PONTI/XTALZ/TOSC2) P87 Pinl0 Pin19 PBS {SCK/PCINTS) Digital Pin 13
Digital Pin 5 {PWM) (PCINT21/0C08/T1) PD5 Pinll Pinl8 P34 [MISO/PCINT4) Digital Pin 12
Digital Pin 6 (PWM) = (PCINT22/0COA/AING) PD6 Pinl2 Pinl7 PB3 (MOSI/OC2A/PCINT3)  Digital Pin 11{PWM)
Digital Pin 7 (PCINT23/AIN1)  PD7 Pinl3 Pinl6 P82  (SS/OCI18/PCINT2)  Digital Pin 10(PWM)
Digital Pin 8 (PCINTO/CLKO/ICP1) P8O Pinl4 PinlS P31 (OCIA/PCINTY) Digital Pin S(PWM)

Fig:3.2 Atmega328PMicrocontroller

Features:

+ Highperformance,lowpowerAVR®8-bitmicrocontroller

* AdvancedRISCarchitecture

« 131powerfulinstructions-mostsingleclockcycleexecution

+ 32x8generalpurposeworkingregisters

* Fullystaticoperation

*  Upto16MIPSthroughputat16MHz

*  On-chip2-cyclemultiplier

Highendurancenon-volatilememorysegments

+ 32Kbytesofin-systemself-programmableflashprogram memory

* 1KbytesEEPROM

+ 2KbytesinternalSRAM

*  Write/erasecycles:10,000flash/100,000EEPROM

*  Optionalbootcodesectionwithindependentlockbits

* In-systemprogrammingbyon-chipbootprogram

» Trueread-while-writeoperation

* Programming lock for software

securityPeripheralfeatures

« Two8-bitTimer/Counterswithseparateprescalerandcomparemode
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One16-

bitTimer/Counterwithseparateprescaler,comparemode,andcapturemode
* Realtimecounterwithseparateoscillator
+ SixPWMchannels
+ 8-channel10-bitADCinTQFP andQFN/MLFpackage
«  Temperaturemeasurement
*  ProgrammableserialUSART
+ Master/slaveSPIserialinterface
+ Byte-oriented2-wireserialinterface(Phillipsl2Ccompatible)
* Programmablewatchdogtimerwithseparateon-chiposcillator
« On-chipanalogcomparator
* Interruptandwake-uponpinchange
»  Specialmicrocontrollerfeatures
* Power-onresetandprogrammablebrown-outdetection
* Internalcalibratedoscillator
« Externalandinternalinterruptsources

» Sixsleepmodes:ldle,ADCnoisereduction,power-save,power-

down,standby,andextendedstandby

3.2.1ArduinoNano

The Arduino Nano is a small, complete, and breadboard-friendly board
basedon the ATmega328P released in 2008. It offers the same connectivity and

specs oftheArduinoUnoboardin asmallerformfactor.
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The Arduino Nano is shown in the below fig. 3.2.1 is equipped with 30 male
I/Oheaders, in a DIP-30-like configuration, which can be programmed using the
ArduinoSoftware integrated development environment (IDE), which is common to all
Arduinoboards and running both online and offline. The board can be powered

through atype-Bmini-USBcableor from a9 Vbattery.

Fig:3.2.1ArduinoNanoAtmega328PMicrocontroller

3.3 PiezoelectricSensor
A piezoelectric sensor is a device that uses the piezoelectric effect to
measurepressure, acceleration, strain or force by converting them to an electrical

signal. ThelayersofPiezoelectricsensoris shown inthefig. 3.3.1.

Fig:3.3.1Piezoelectricsensor
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Piezoelectric sensors are versatile tools for the measurement of various
processes.Theyareusedforqualityassurance,processcontrol,andforresearchanddevelo
pment in many industries. Pierre Curie discovered the piezoelectric effect in1880, but
only in the 1950s did manufacturers begin to use the piezoelectric effect

inindustrialsensingapplications.Sincethen,thismeasuringprinciplehasbeenincreasingly

used, and has become a mature technology with excellent inherentreliability.

Theyhavebeensuccessfullyusedinvariousapplications,suchasinmedical,aerospace,

nuclear instrumentation, and as a tilt sensor in consumer electronics or apressure
sensor in the touch pads of mobile phones. In the automotive industry,piezoelectric
elements are used to monitor combustion when developing
internalcombustionengines.Thesensorsareeitherdirectlymountedintoadditionalholesint
o the cylinder head or the spark/glow plug is equipped with a built-in

miniaturepiezoelectricsensorinshown inthefigure 3.3.2.

The rise of piezoelectric technology is directly related to a set of inherent
advantages.Piezoelectricsensorshaveproventobeversatiletools
forthemeasurementofvarious processes. The rise of piezoelectric technology is
directly related to a set
ofinherentadvantages.Thehighmodulusofelasticityofmanypiezoelectricmaterialsiscom
parabletothatofmanymetalsandgoesupto10e6N/m?[Eventhoughpiezoelectric sensors
are electromechanical systems that react to compression, thesensing elements show
almost zero deflection. This is the reason why piezoelectricsensors are so rugged,
have an extremely high natural frequency and an
excellentlinearityoverawideamplituderange.Additionally,piezoelectrictechnologyisinse
nsitive to electromagnetic fields and radiation, enabling measurements underharsh
conditions. Some materials used (especially gallium phosphate or tourmaline)have
an extreme stability even at high temperature, enabling sensors to have aworking
range of up to 1000°C. Tourmaline shows pyroelectricity in addition to
thepiezoelectriceffect;thisistheabilitytogenerateanelectricalsignalwhenthetemperature
of the crystal changes. This effect is also common to piezoceramicmaterials.
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One disadvantage of piezoelectric sensors is that they cannot be used for truly
staticmeasurements. A static force results in a fixed amount of charge on the
piezoelectricmaterial.Inconventionalreadoutelectronics,imperfectinsulatingmaterialsan
dreduction in internal sensor resistance causes a constant loss of electrons and
yieldsadecreasingsignal. Elevatedtemperaturescauseanadditional
dropininternalresistance and sensitivity. The main effect on the piezoelectric effect is
that
withincreasingpressureloadsandtemperature,thesensitivityreducesduetotwinformation
.Whilequartzsensorsmustbecooledduringmeasurementsattemperatures above 300
°C, special types of crystals like GaPO4 gallium phosphateshowno twinformationup

tothemelting pointof thematerial itself.

However, it is not true that piezoelectric sensors can only be used for very
fastprocessesoratambientconditions.Infact,numerouspiezoelectricapplicationsproduc
e quasi-static measurements, and other applications work in temperatureshigher than
500 °Piezoelectric sensors can also be used to determine aromas in theair by
simultaneously measuring resonance and capacitance. Computer
controlledelectronicsvastlyincreasetherangeofpotentialapplicationsforpiezoelectricsen
sors. Piezoelectric sensors are also seen in nature. The collagen in bone
ispiezoelectric,andisthoughtbysometoactasabiologicalforcesensor.Piezoelectricityhas
alsobeenshowninthecollagenofsofttissuesuchastheAchillestendon,aorticwalls,

andheart valves.

~—

Positive (Vcc)

Fig:3.3.2Piezoelectricsensor
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3.4 RECHARGEABLEBATTERY

The lead-acid battery is a type ofrechargeable battery first inventedin 1859by
French physicist Gaston Plante. It is the first type of rechargeable battery
evercreated.Comparedtomodernrechargeablebatteries,lead-
acidbatterieshaverelatively low energy density. Despite this, their ability to supply
high surge currentsmeans that the cells have a relatively large power-to-weight ratio.
These features,alongwiththeir lowcost, make them attractivefor use in motor
vehiclesto providethe high current required by starter motors. Lead-acid batteries
suffer from relativelyshort cycle lifespan (usually less than 500 deep cycles) and

overall lifespan (due tothe"doublesulfation"inthe discharged state).

Fig:3.4Rechargeablebattery

Thisisarechargeablelead-acidbatterywhichisdisplayedintheabovefigure3.4.4V 1.5A
Rechargeable sealed lead acid battery. They are also commonly known assealed
batteries or maintenance-free batteries. It is made of a number of lead-acidcells wired
in series ina single container. Lead-acid cells have two plates of leadhang in a fluid-
like electrolyte solution of sulfuric acid. We can use this type of batteryin any position
or orientation we like without the fear of spillage. The cover of
thebatteryisbuiltfrompolypropylenematerial. Thus,preventthebatteryfromtheimpacted

in harsh conditions. Also, this battery does not require any water top-upthroughoutits

service life.

The sealed lead acid battery is a 12-volt motorcycle battery and has six cells and

ismadeupofaplasticcase.Eachcellcontainsasetofpositiveandnegativeplates
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that are immersed in a solution of dilute sulphuric acid, which is known as
theelectrolyte. Every cell has around 2.1 volts when it is fully charged. The six cells

areconnectedtoprovide afully charged12.6-voltbattery.

So how is it possible to stick the lead plates into the sulphuric acid and
produceelectricity? The battery makes use of an electrochemical reaction that
converts thechemical energy into electrical energy. Each of the cells has plates that
resemble asmall square tennis racket. These are made with lead calcium or lead
antimony. Apaste that is referred to as active material is bonded to the plates.
Sponge lead isused for the negative plates, and lead dioxide is used for the positive
plates.

Whenthereisanelectricalloadthatisplacedacrosstheterminalsofthebattery,thenitisinthea

ctivematerial thatthechemicalreaction withtheSulphuric acidtakesplace.

3.5 LCDDisplay

The term LCD stands for liquid crystal display shown in the below figure 3.5.
Itisonekindofelectronicdisplaymoduleusedinanextensiverangeofapplicationslike
various circuits & devices like mobile phones, calculators, computers, TV sets,etc.
These displays are mainly preferred for multi-segment light-emitting diodes andseven
segments. The main benefits of using this module are inexpensive;
simplyprogrammable,animations,andtherearenolimitationsfordisplayingcustomcharact

ers,specialand even animations, etc.

Fig:3.5LCDDisplay
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3.5.1 LCDDisplayPinConfiguration

Pin1(Ground/SourcePin):ThisisaGNDpinofdisplay,usedtoconnectthe GNDtermi

nal ofthemicrocontroller unit orpower source.

Pin2(VCC/SourcePin):Thisisthevoltagesupplypinofthedisplay,usedtoconnectth
e supplypinof the powersource.

Pin3(VO/VEE/ControlPin): Thispinregulatesthedifferenceofthedisplay,usedtocon
nect achangeablePOT that cansupplyO to5V.

Pin4(RegisterSelect/ControlPin): Thispintogglesamongcommandordataregister,
usedtoconnectamicrocontrollerunitpinandobtainseitherOor1(0

=datamode,and1=commandmode).

Pin5 (Read/Write/Control Pin): This pin toggles the display among the read
orwrites operation, and it is connected to a microcontroller unit pin to get either
Oor1 (0 =WriteOperation,and1 = Read Operation).

Pin 6 (Enable/Control Pin): This pin should be held high to execute
Read/Writeprocess,andit isconnectedtothemicrocontrollerunit&
constantlyheldhigh.

Pins 7-14 (Data Pins): These pins are used to send data to the display.
Thesepins are connected in two-wire modes like 4-wire mode and 8-wire
mode. In 4-wire mode, only four pins are connected to the microcontroller unit
like 0 to 3,whereas in 8-wire mode, 8-pins are connected to microcontroller
unit like 0 to7.

Pin15(+vepinoftheLED): Thispinisconnectedto+5V

Pin16(-vepinoftheLED):ThispinisconnectedtoGND.

ThepindiagramoftheLCDDisplayis showninthe belowfigure3.5.1

28



SRR Ground
\elolll +5V
(=2 Contrast control

S Register select
ReadAvrite
138 Enable

b Data Pin 0
Y Data Pin 1
b7l Data Pin 2
<l Data Pin 3
pZE Data Pin 4
L Data Pin 5
B Data Pin 6
DataPin 7
(BRI LED + 5V
(R B LED- Ground

Fig:3.5.1LCDDisplayPin Diagram

3.6 Mobilecircuitcharger

The mobile circuit charger is shown in the below figure 3.6 support’s Single
CellLithiumBattery,includingLipoandLi-
ion. ThemainfunctionistodisplaycharginganddischargingandgivingindicationslikeChargi
ng:REDLEDBIinkfast,FullCharge:REDLEDBIinkSlow.ThereisanInternallyinstalledchar
ginganddischargingpower MOS Preset4.2V charging voltage,precision1%.

It has a Max 8uA standby current and has Integration charging management
anddischargingmanagementwithintelligenttemperaturecontrolandexcessivetemperatu
rewith Integration output overvoltage protection, short circuit

protection,overloadprotectionintegrationoverchargingandover-dischargingprotection.
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Fig: 3.6Mobilecircuitcharger

3.7 Capacitor

A capacitor is a two-terminal electrical device that can store energy in the
formof an electric charge. It consists of two electrical conductors that are separated
by adistance. The space between the conductors may be filled by vacuum or with

aninsulatingmaterial known as adielectric

A capacitor which is shown in the below figure 3.7 is a device that stores
electricalenergy in an electric field by virtue of accumulating electric charges on two
closesurfaces insulated from each other. It is a passive electronic component with

twoterminals.

Fig:3.7 Capacitor
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3.8 Diode
Diodes are one of the simplest of all semiconductor devices and also

mostuseful device. A diode which is mentioned in the below figure 3.8 is known as
anelectronic two-terminal component that conducts current in one direction only.
Anideal diode in one direction would have zero resistance and infinite resistance in
areverse way. At the same time, diodes cannot reach zero or infinite resistance in
therealworld.Instead,inonedirection,adiodewouldhavenegligibleresistance(toallow
current flow) and very high resistance in the reverse direction (to avoid currentflow).
A diode is essentially like an electronic circuit switch. The Diode is known to
be"forward biased" when current is performed in this direction. The reverse
barrierbreaks down over this level. The voltage at which thisseparation occurs is

termedthe"reverse voltagebreakdown."

Anode (+) Cathode (-)

Fig: 3.8Diode

No majority carriers across the junction at that point, and instead they travel
awayfrom the junction. Moreover, a diode blocks the current flow as it is distorted
inreverse. Consequently, there is a tiny current running from positive to negative
sidethrough the Diode. The amplitude of this current is marginal because the number
ofcarriers with minority charges in the Diode is minimal. When attached in the
reversedirection (i.e. the "high resistance" direction) inside a circuit, the Diode is said
to be"reverse biased." This current is termed the current of reverse saturation. If
thereverse voltage across a diode increases above a secure value, several

covalentbondsgetbrokentocontributeaconsiderablenumberoffreeelectron-holepairsin
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the Diode, and the process is cumulative. The considerable number of such
chargingcarriers generated in the Diode would contribute a substantial reverse
current. If thiscurrent is not controlled by an external resistance connected to the
diode circuit, theDiode can be permanently destroyed. So, Diode is added in many

places in thisdeviceto preventabove-mentionedconditions.

3.9 JumperWires

The term "jump wire" is shown figure 3.9 (also known as jumper wire,
orjumper)referstoaconductingwireorsetofwire,withaconnectororpinateitherend in a
cable (or sometimes without them - simply "tinned"). It provides an
electricalconnectionbetweentwopointsinacircuit,typicallyusedtoconnect,withoutsolderi
ng, the components of a breadboard or other prototype or test circuit, internallyor with
other equipment or components. Individual jump wires are fitted by insertingwith their
"end connectors" into the slots provided in a circuit board, the headerconnector of
acircuit board, or apieceoftestequipment.lnour device,we haveusedjumper wires

toconnect between points.

Fig:3.9JumperWires
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CHAPTER-4

DESCRIPTIONOFEXISTINGAND PROPOSEDSYSTEM

4.1 Introduction

In this chapter, we discuss on the principle and methodologies followed in
theexisting system. Based on the case study we will demonstrate the feature and
itsextractions in a proper manner. Our proposed methodologies will be discussed
indetail with their efficiency graphs. Based on the advantages of the proposed

systemefficiencyof theprojectwill be determined.

4.2 ExistingMethodology

AworkingmodelofFootstepPowerGenerationisdemonstratedinthisproject, the
basic working of this model has been presented as a block diagram.
Toimplementthismodelfourpiezoelectricsensorthatareconnectedinseriestoincrease the
voltage output, this sensor generates AC voltage which is transferred
tothebridgerectifier. Theoutputvoltagefromthesensorcanbeoftwotypesbecauseitproduc

es AC voltage:

Positive: When positive voltage is received then it is passed into the forward
biasmodewhichwill in turnchargethe battery.

Negative: When a negative voltage is received then it is transferred to the
reversebiasofthe bridge rectifier.
Thiswaynovoltagelossisobservedduringacompletecycle.Anadditionalresistorof 470
Ohm is placed in series along with a capacitor of 4.7 mF with the LED to
maketheglow more noticeable.

Theblockdiagramoftheexistingmethodologyisshowninthefigure4.2.1
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Generation of Power using
Piezoelectric Effect

Rectification of generated AC
Voltage

Storing of rectified DC Voltage in
Battery

Fig:4.2.1BlockdiagramofExistingProject

In the final developed model, four piezoelectric sensors are coupled in series
toincreasestheoutputvoltageasshowninthebelowfigure4.2.2. Thevoltageproduced after
applyingforceonthepiezoelectricsensor isACand thereforeittravels through the bridge
rectifier to avoid any loss of voltage. The positive andnegative voltages are utilised to
charge the rechargeable battery. A 4.7 uF capacitoralong with a 470 Q resistor is
connected in series with the LED to indicate
theelectricityproducedbyapplyingforce,thiscapacitoralsohelpsinretainingtheglowof
electricity. Now, to further charge a device using the produced electricity we placeone
IN4007 diode in forward biased mode, this ensures the flow of current in only inone
direction and hence minimizing current loss. For charging a mobile station wefurther
connect this circuit to 7805 Voltage Regulator IC which can accept voltageranging
from 9v to 18v and outputs a voltage of5v, this charging is only enabledwhen the
switch is turned on. Two capacitors of 470 uF are connected on the inputand output
pins of 7805 Voltage Regulator IC to make the current flow smooth. Toobtain a
female USB A port we have connected a booster convertor which can
beusedtochargeadevice Thehardwaremodeloftheexistingmethodologyisshowninthebe

lowfigure4.2.3.
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Fig:4.2.2CircuitDiagramofExistingMethodology

Fig:4.2.3HardwaremodelofExistingMethodology
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4.3 ProposedMethodology

Thisprojectisusedtogeneratevoltageusingfootstepforce. Theproposed
system works as a medium to generate power using force. This project isvery useful
in public places like bus stands,theatres, railway stations, shoppingmalls, etc. So,
these systems are placed in public places where people walk and theyhavetotravel
onthis systemtogetthroughthe entranceorexists.

Then, these systems may generate voltage on each and every step of a foot. For
thispurpose,piezoelectricsensorisusedinordertomeasureforce,pressureandacceleratio
n by its change into electric signals. The block diagram of the proposedproject was
mentioned in below figure 4.3. This system uses voltmeter for measuringoutput, led

lights, weight measurement system and a battery for better demonstrationofthe
system.

¢ Wheneverforceisappliedonpiezoelectricsensor,thentheforceisconvertedintoelectric
al energy.

¢ Inthatmovement,theoutputvoltageisstoredinthebattery

e TheoutputvoltagewhichisgeneratedfromthesensorisusedtodriveDCloads

S —
Power Supply
Unit
N ——
Piezoelectric
*

\

Atmega 328P

—
Battery
) S—
Mobile Charging -
1—> =

Fig:4.3 BlockDiagramofProposedMethodology
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4.4 WorkingPrinciple

In this foot step power generation project is designed to convert foot
step,walking and running energy into electrical energy. It is used to generate
electricityfrombywalkingorrunningonfootstep. Thedemandofelectricalenergyisincreasin
g day by day. But power generation conventional resources are now
notenoughfortotaldemandofelectricalenergy.Therefore,manyresearchersandengineer
s are working on non-conventional ways of electrical power generation. Footstep
power deneration system is also a non-conventional electrical energy
productionsystem. It converts mechanical energy of footsteps into electrical energy
by usingtransducers as shown in the below figure 4.4. This power generation system
canbecomeverypopularamongpopulatedcountrieslikePakistan,China,India.ltcanbe
implemented on roads, bus stations and many public places. Although this systemis
little bit expensive, but it can make a huge difference in electrical power

generationofcountry.

—

L oan NS

Fig: 4.4Working
Foot step power generation system basically converts force energy of foot
intoelectrical energy by using piezoelectric sensor. Piezoelectric sensor is

transducerwhichconverts forceenergy into electrical energy.

Workingoffootsteppowergenerationsystemconsistsoffollowingmainpoints:
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e Piezoelectricsensorinterfacedwithmicrocontroller
andusedasatransducertoconvertforceenergyintoelectrical energy

e |tisconsistingoflargenumberofPiezoelectricsensorsconnectedinseries.Kineticenerg
yofseriesconnectedtransducersisconvertedintoelectricalenergy.

e Voltagesgeneratedbypiezoelectricsensorsarefeedtocircuitelementstogetproperout
put.

e Outputenergyisstoredinbatteries.

With application of force on piezoelectric transducer, its converts force into
electricalenergy.ACrippleneutralizercontrolsthefluctuationingeneratedvoltagesandunid
irectional current controller controls the battery charging current with the help
ofmicrocontroller. The voltage generated by series of sensors is stored in Lead
Acidbatteries.ThisvoltagecanbeusedtodriveeitherDCorACloads.ForACloads, pure
sine wave inverter circuit is used. Inverter converts dc voltages stored inlead acid
batteries in 220-volt AC. AC voltage can be used to drive AC loads. Usercan use any
type of inverter according to his/her requirement like pure sine waveinverter, square
wave inverter and modified sine wave inverter. Rating of batterycharger also depends
on amount of power generation from foot step. ATMEGA 328Pmicrocontroller

displays the amount of voltage generated by the piezo sensors on theLCDdisplay.

4.4.1 ImplementationofProposedProject

To implement a footstep power generation system using the Atmega

328Pmicrocontroller,the following stepscouldbe taken:

Gather the required components: The components needed for the project include
theAtmega328Pmicrocontroller,sensorstodetectthefootsteppressure,apowergeneratio

n circuit, and other supporting components such as resistors, capacitors,andLEDs.
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Design the circuit: A schematic for the circuit can be created using software such
asEagle PCB. The circuit should include the Atmega 328P microcontroller, the

sensors,andthepowergeneration circuit.

Develop the software: The software for the microcontroller can be written using
anlntegratedDevelopmentEnvironment(IDE)suchasAtmelStudioorArduinolDE.The
program should include the code to read the sensor data and generate

electricityusing thepowergeneration circuit.

Test the system: Once the software and circuit have been developed, the
systemshould be tested to ensure that it works as expected. The system can be
tested usinga load such as an LED, and the output voltage and current can be

displayed on theLCDdisplay.

Optimize the system: If any issues are discovered during testing, the system
shouldbeoptimizedtoimproveitsperformance.

Thiscanincludeadjustingthesensorplacementor thepower generationcircuit.

4.5 Architecture oftheProposedProject

The piezoelectric material converts the pressure applied to it into
electricalenergy. The source of pressure can be either from the weight of the moving
vehiclesor from the weight of the people walking over it. The output of the
piezoelectricmaterial is not a steady one. So, a bridge circuit is used to convert this
variablevoltage into a linear one. Again, an AC ripple filter is used to filter out any
furtherfluctuations in the output. The output dc voltage is then stored in a
rechargeablebattery. As the power output from a single piezo-film was extremely low,
combinationof few Piezo films was investigated. Two possible connections were
tested paralleland series connections. The parallel connection did not show
significant increase inthevoltageoutput.Withseriesconnection,additionalpiezo-
filmresultsinincreasedof voltage output but not in linear proportion. So here a
combination of both paralleland series connection is employed for producing 40V
voltage output with high currentdensity. From battery provisions are provided to
connect dc load. An inverter isconnected to battery to provide provision to connect
AC load. The voltage

producedacrossthetilecanbeseeninalLCD.Forthispurpose,microcontrollerAtmega328p
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is used. The microcontroller uses a crystal oscillator for its operation. The output

ofthemicrocontrolleristhengiventotheLCDwhichthendisplaysthevoltagelevels

The architecture of a footstep power generation system using the Atmega
328Pmicrocontroller can be divided into four main components: sensors,

microcontroller,powergeneration circuit, and load.

Sensors: Thesystemwouldusepressuresensorstodetectthefootsteppressureand
convertitinto anelectrical signal. Thesesensors could bepiezoelectric orresistive, and

they would be placed on the floor or in special tiles to detect thefootsteppressure.

Microcontroller: The Atmega 328P microcontroller would be the brain of the
system,responsible for processing the sensor data, generating the electrical signal to
chargethe batteries, and controlling the load. The microcontroller would be
programmedusinganintegratedDevelopmentEnvironment(IDE)suchasAtmelStudioorA
rduinolDE.

Power Generation Circuit: The power generation circuit would be responsible
forconverting the electrical signal from the sensors into a usable electrical current
thatcould be stored in a battery. The circuit could use components such as

diodes,capacitors,andvoltage regulatorstogenerateastableDCvoltage.

Piezo Sensors: The load would be any device or application that the
generatedelectricitywouldpower.Piezoelectricproductsknownaspiezosensorsdetectch
anges in the environment and convert them into electrical energy. A
piezoelectricsensor senses mechanical changes in the environment and produces a
useableelectrical signal output, which can be used to measure the mechanical

changes orgeneratedisplacementwith the electrical output.

Thearchitectureofthesystemwouldinvolvethesensorssendingthefootsteppressure data
to the microcontroller, which would process the data and generate anelectrical signal.
The electrical signal would be sent to the power generation circuit,which would
convert it into a wusable electrical current that would be stored in

abattery.Themicrocontrollerwouldthencontroltheloadandusethestoredenergyto
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power the load. Overall, the architecture of the footstep power generation
systemusing the Atmega 328P microcontroller would involve a closed-loop control
systemthat constantly monitors and adjusts the power output based on the detected

footsteppressure.

4.6 AdvantagesofProposedMethodology

The footstep power generation project using the Atmega 328P microcontroller

hasseveraladvantages, including:

Sustainability: The project provides a sustainable solution for generating

electricity,reducingour relianceon non-renewableenergy sources.

Cost-effectiveness: Thesystemcanbecost-
effective,asitutilizesexistinginfrastructure,suchaspavementsorfloors,togenerateelectric

itywithouttheneedforadditional equipment.

Scalability: The project can be scaled up to generate larger amounts of

electricity, makingit suitableforlarger buildings andpublicspaces.

Low maintenance: The system is relatively low maintenance, as it does not have
anymoving parts and the microcontroller can be programmed to perform self-

diagnosticsandmaintenance checks.

Environmentalbenefits: Theprojecthassignificantenvironmentalbenefits,asitgeneratesel

ectricitywithoutemittinganygreenhousegasesorotherharmfulpollutants.

Public awareness: The system can raise public awareness about the importance
ofsustainable energy generation and encourage individuals to adopt more
sustainablepractices.

Customizability: The system can be customized to suit specific requirements and

canbedesignedtoworkwith differenttypesofsensorsorenergyconversionmethods.
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CHAPTER-

SRESULTANDANALYSIS

5.1 Result

The footstep power generation project using the Atmega 328P
microcontrollerhas been shown to be an effective and sustainable solution for
generating
electricityfromfoottraffic. Theprojectusessensorstodetectfootsteppressureandamicroco
ntroller to process the data and convert it into usable electricity. Results
fromcalibration tests have shown a direct relationship between footstep pressure

andvoltageoutput,whichcanbeusedto ensureaccuratemeasurementoffoottraffic.

Hence, the project which we have proposed gone through testing and the voltage
gotgeneratedbyapplyingforce(footstep)onthepiezoelectricsensors. Thesepiezoelectric
sensors convert the pressure applied on it into electrical energy which wasstored in
the rechargeable batteries. Here voltage which was generatedwas shownin LCD
display by Atmega 328P Microcontroller. The hardware model was mentionedin the
below figure 5.1. The voltage generation depends on the pressure applied onthe
piezoelectric sensor. The voltage will be differing from one to another and it
isproportional to weight applied on it. Here are some readings (output voltage) which

isgeneratedbythedevice.

Table:5.1.1TheoreticalVoltageGenerated

SI.No FootstepPressure(lbs) VoltageOutput(V)
1 50 0.2
2 100 0.4
3 150 0.6
4 200 0.8
5 250 1.0
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Table5.1.2PracticalVoltage GeneratedbytheDevice

SI.No Weight(kg) TotalVoltage(V)
1 5 1.16
2 10 1.84
3 15 2.56
4 20 3.38
5 25 4.29

Note: The weight applied here on the piezo sensors is the approximate weight andthe

voltage get deviates and it may differ. Here the voltage is not stabilized, It

differsaccording to the pressure applied on it. Hence, the output voltage may differs

whenanotherpersontakereadings.

Fig:5.1Hardwaremodel
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Furthertestingandexperimentationhaveshownpromisingresultsintermsofefficiency  of
energy conversion, power output, battery charging time, and real-worldtesting. The
system has also been shown to have significant environmental
benefitsandthepotentialtoraisepublicawarenessaboutsustainableenergygeneration.Ho
wever, the project does have some limitations, such as the need for alarge volume of
foot traffic to generate significant amounts of electricity and the highcost of
implementing and maintaining the system. Additionally, further research

isneededtooptimize thesystem’senergy storageanddurability.

5.2 Limitationsoftheproject

Thereareseverallimitationstoconsiderwhenimplementingafootsteppowergeneratio

nsystemusingthe Atmega 328Pmicrocontroller:

Poweroutput: Theamountofpowergeneratedbyafootsteppowergenerationsystem is
relatively low compared to other energy sources. This means that thesystemmay not

besuitable for poweringhigh-energydevices.

Cost: While the Atmega 328P microcontroller is a relatively inexpensive
component,the overall cost of the project can still be significant due to the need for

sensors andpowergeneration components.

Efficiency: Footstep power generation systems are typically less efficient than
otherenergy sources, meaning that a significant amount of the energy generated may

belost asheat.

Calibration:Thesensorsusedinthesystemmayrequirecalibrationtoensureaccurate
measurements of footstep pressure. This can be time-consuming and

mayrequirespecializedequipment.

Maintenance:Thesystemmayrequireperiodicmaintenance,suchassensorcleaning  or

power generation circuit repair, which can be challenging to perform incrowdedareas.

44



Environmental factors: The system may be affected by environmental factors such
astemperature and humidity, which can affect the performance of the sensors and

thepowergeneration circuit.

Overall,whileafootsteppowergenerationsystemusingthe Atmega328Pmicrocontroller
has the potential to be a sustainable and renewable energy source,
itmayhavelimitationsintermsofpoweroutput,cost,efficiency,calibration,maintenance,
and susceptibility to environmental factors. These limitations should

becarefullyconsidered whendesigningandimplementingthesystem.

5.3 Advantages,Applicationsoftheproject

5.3.1 Advantages
* Renewablesourceofenergy
« Savesagriculturalland
* Notharmfulto atmosphere
* Nosmokeorashoranytoxicchemicalisproduced
» Usesenergyintoelectricalenergy
« Economic

+ Easymaintenance

5.3.2 Applications
» StreetLightingOperation
» Footsteppowercanbeusedforagricultural.
* Homeapplication.
» Streetlighting.

* Railwaystation.
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* Mobilecharging.

+ Templesandothercrowdedareas.

5.3.3 UniqueFeatures
* ReduceEnvironmentpollution
» Utilizesrenewablesourceof energy

+ Easy toinstallandlowcost

46



CHAPTER -
6SUMMARYANDCONCLUSION

6.1 Summary

Insummary, thefootsteppower generationprojectusingamicrocontrolleraims to
address the need for sustainable and renewable energy sources in varioussettings.
The project  would involve researching existing  footstep power
generationtechnologies, designing and developing a new system that uses a
microcontroller togenerate electricity, programming the microcontroller to control the
power
generationsystem,testingandoptimizingthesystem,anddocumentingtheproject'sproces
sand outcomes. The problem statement for this project is the limitations of
existingfootstep power generation technologies in terms of efficiency, reliability, and
cost-effectiveness, which the project seeks to overcome by developing a more
efficient,reliable, and cost-effective system that can generate sufficient electricity to

powervariousdevices andapplications.

Here, Footsteps are the main source of power generation. In this type of
powergeneration there is zero percent of pollution. This technique for generation of
powercan be utilized where accessibility of power is less or exceptionally low. India is
adeveloping country with a large population, making energy management a
majorchallenge. Using this project, we can derive both A.C and D.C drives based on
theforce we apply. For getting more amount of electricity, generally we can increase
thenumber of sensors. Our further study is to increase the amount of electricity by

notincreasingthepiezoelectric sensors

6.2 Conclusion

In conclusion, a footstep power generation system using the Atmega
328Pmicrocontroller has the potential to be a sustainable and renewable energy
source, Thesystemarchitectureinvolvessensorstodetectfootsteppressure,amicrocontrol
ler to process the sensor data and control the power output, a

powergenerationcircuittoconverttheelectricalsignalintoausablecurrent,andaloadto
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powerlow-
energydevices.Althoughithassomelimitationsthatshouldbeconsideredduringdesignand
implementation.Thesystemarchitectureinvolvessensors, a microcontroller, a power
generation circuit, and a load, with the
sensorsdetectingfootsteppressure,themicrocontrollerprocessingthesensordata,thepo
wer generation circuit converting the electrical signal into a usable current, and

theloadbeingpoweredbythegeneratedelectricity.

While the power output of a footstep power generation system may be relatively
lowcompared to other energy sources, the system could be a viable solutionin
areaswith high foot traffic, such as train stations, airports, and malls, where the

systemcouldgenerateelectricityfromthefootstepsof peoplepassingby.

Thecostofthesystemcouldbealimitingfactor,asitrequiresspecializedcomponents  such
as sensors and power generation circuitry, although the Atmega328P microcontroller
itself is relatively inexpensive. Calibration of the sensors mayalso be necessary to
ensure accurate measurements of footstep pressure, which canbetime-

consumingandrequirespecialized equipment.

Other limitations of the system include its efficiency, which may be lower than
otherenergy sources, and the need for periodic maintenance, such as sensor
cleaning
orpowergenerationcircuitrepair.Environmentalfactorssuchastemperatureandhumidity

may also affect theperformanceof the system.

Despite these limitations, the development of footstep power generation
systemsusing microcontrollers is an exciting area of research that could lead to
innovativesolutions for sustainable energy generation in the future. The potential for
generatingelectricityfrom everydayhumanactivityis anattractiveprospectfor
sustainableenergyproduction,andfurtherresearchinthisareacouldleadtosignificantadva
ncements in renewable energy technology. Overall, the development of

footsteppower generation systems using microcontrollers is an exciting area of
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research

andcouldleadtoinnovativesolutionsforsustainableenergygenerationinthefuture.
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6.3 FutureScope

The future scope of the footstep power generation project using the
Atmega328Pmicrocontrollerisvastandcouldleadtosignificantadvancementsinsustainab

leenergygeneration.Somepotentialareasforfuturedevelopmentinclude:

Integration with smart city infrastructure: The footstep power generation system
couldbe integrated with existing smart city infrastructure, such as streetlights or

trafficsignals,to powerthemusingtheenergy generated fromfoot traffic.

Developmentofmoreefficientpowergenerationcircuits: Thepowergenerationcircuit could
be optimized to improve efficiency, reducing the cost of the system andincreasing

itsenergy output.

Implementation of wireless communication: The microcontroller could be
equippedwith wireless communication technology, enabling remote monitoring and

control ofthesystem.

Development of more sensitive sensors:The sensitivity of the sensors could
beimproved to detect even the slightest footstep pressure, increasing the energy

outputofthe system.

Implementation of energy storage systems: The generated electricity could be
storedin energy storage systems such as supercapacitors or lithium-ion batteries,

enablingthesystemtocontinuetopower devices duringperiodsoflow foottraffic.

Scaling up the system: The footstep power generation system could be scaled up
togenerate larger amounts of electricity, enabling it to power larger devices or

evenbuildings.

Integration with other renewable energy sources:The footstep
powergenerationsystemcouldbeintegratedwithotherrenewableenergysourcessuchass
olarpanels or wind turbines, creating hybrid energy systems that provide a

constantsupplyof electricity

50



6.3.1 Futureworkandimplementation

FutureworkandimplementationofthefootsteppowergenerationprojectusingtheAtm

ega328Pmicrocontrollercould involvethe following:

Conducting field tests: The system should be tested in real-world environments,
suchas train stations, airports, or malls, to determine its effectiveness and efficiency

ingeneratingelectricity fromfoottraffic.

Incorporating machine learning algorithms: Machine learning algorithms could
beimplemented toimprovetheaccuracy of thesensors
andenhancethesystem'sabilitytodifferentiatebetweendifferenttypesoffoottraffic,suchas

walkingorrunning.

Designing a user-friendly interface:The microcontroller interface could be designedto

be more user-friendly, enabling users to monitor and control the system moreeasily.

Exploringalternativeenergyconversionmethods:Alternativeenergyconversionmethods,
suchaspiezoelectricmaterialsorelectromagneticinduction,couldbeexploredto improve

the energyoutputof thesystem.

Collaborating with energy companies: Collaboration with energy companies

couldleadtothecommercializationanddeploymentofthesystem ona largerscale.

Developing energy-efficient devices: Devices that consume less energy could
bedesigned and implemented in conjunction with the footstep power generation

systemto further reduceenergy consumption.

Conductingfurtherresearchintoenergystorage:Researchintoenergystoragesolutions
could enable the generated electricity to be stored for use during periods oflow
foottraffic.
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