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ABSTRACT 

Statistics show that almost three-fourth of the demands of energy in the world is fulfilled 

by fossil fuels. Since fossil fuels are hydrocarbons, burning fossil fuels releases a large 

amount of carbon dioxide into the air. This increased percentage of carbon dioxide causes 

global warming. Combustion of fossil fuels not only emits carbon dioxide into the air, it 

also releases other gases like carbon monoxide, methane, nitrous oxide, etc. that cause air 

pollution. To avoid this we have to reduce wastage of electrical energy and try to produce 

energy through other means instead of using fossil fuels. Currently, enormous amount of 

electrical energy is being consumed by the street lights, which remain switched on 

throughout the night. This causes a huge waste of electrical energy across the world and 

should be prevented. The main aim of smart street light systems is that lights turn on only 

when there are vehicles or pedestrians on the road and remain off otherwise. The street 

lights will be powered by the electrical energy generated through the pressure applied by 

footsteps and vehicles. So we don’t need to provide power to the street lights by energy 

from fossil fuels which are being depleted due to their increased demand.  The smart street 

light system consists of DC lights, LDR, piezoelectric sensors, motion sensors and short-

distance communication networks. Our main purpose is to reduce wastage of energy and 

make use of non-conventional sources for energy production. 
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CHAPTER 1 

INTRODUCTION 

1.1. Background/Motivation 

During theulast decade, it is known that the rateaof Antarctica’s ice massidepletion has 

tripled. The surface ocean waters are approximately 30 percent more acidic than they 

were at the start of Industrial Revolution. Scientists haveapredicted that the 

ArcticaOcean will barely have ice before 2050. During the last century, sea levels have 

also risen at double rate for the last 20 years. Global temperaturesscould also increase 

by 10.4 degree Fahrenheit by 2100 [1]. This is all due to global warming which is 

caused by increased use of fossil fuels for energy generation.  

Statistics showathat almost three-fourthaof the demands of energyain the worldais 

fulfilled by fossilafuels. Since fossil fuels are hydrocarbons, burning fossil fuels 

releasesalarge amountaof carbon dioxide into theaair. This increased percentage of 

carbon dioxide causes global warming [2]. 

 

 

Figure 1-1: Increasing use of Fossil Fuels 
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Combustionzof fossilafuels notaonly emits carbonadioxide into theaair, it also releases 

other gasesalike carbonamonoxide, methane, nitrous oxide, etc. that causeaair pollution. 

To avoid this we have to reduce wastage of electrical energy and try to produce energy 

through other means instead of using fossil fuels [2]. 

 

 

Figure 1-2: Hypothetical Number of Deaths from Energy Production 

 

1.2.   Project Overview 

Urbanaareas acrossathe world areadealing with increasingaenergy consumptionaand 

carbonaemissions, a knownacontributor to climateachange. Due toainadequate 

intensityacontrol and lowaefficiency, currentastreet lightingais wastefulain termsaof 

energyausage, accountingafor a majorapart of governmentalaelectricity costs. 

Therefore, it hasabecome desirable toadesign a new smart streetalighting system that is 

more efficient and environmentafriendly. 

The mainaaim of this new smart street lightingasystem is toacontrol energyaefficient 

LED streetalights to turn onaonly when neededaand to remainain a dim oraoff state 
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otherwise. We are designing a system in which street lights become bright when a car 

comes closer to it and become dim when there is a distance between the car and light. 

So basically, we are trying to make a relationship of lightaintensity with theaspeed and 

distance of vehicle. 

1.3.   Problem Statement 

Conventional street lighting systems in various parts of the world useaconstant 

illuminationalighting whichaleads to highaenergy consumptionaaccounting for upato 

60% of a municipal government’s total electricity expenditure. [2] Furthermore, 

forecasts showathat the amountaof financialaspending on streetalights isalikely to 

increaseaover the nextafew years asathe demand andaprice for electricityaincreases. 

Manyaurban areas areafacing highacarbon emissionsadue to publicalighting, which are 

a knownacontributor to climateachange. For example, in Harrow, streetalighting 

consumes 6,551,500 kWh of electricity, whichaleads to 3,900 tons of carbon 

emissionsaannually which is dangerousafor ourahealth. 

 

 

Figure 1-3: Conventional Street lights System 

1.4.  Scope 

This project is going to be the productive insight in the industry due to its low energy 

consumption as it is controlling the intensity of light, efficiently and also because of its 
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energy generation mechanism by motion. In this system, intensity of light will be 

related to distance of vehicle from the light pole. 

1.5.   Approach 

We will first reduce energy consumption by street lights by designing a system in which 

the lights remain off or are at minimum intensity level throughout the night and their 

brightness is only increased when there is some motion on the road. In the second part 

we will convert the mechanical energy produced due to motion on the road to electrical 

energy which in turn will be used to provide power to the street lights. 

1.6.   Objectives 

Our main purpose is to make such a streetalight systemain which the brightness of the 

streetalights depends on the distanceaof vehicles from the light pole. If the car is closer 

to the street light then the light has full brightness and when it moves away the 

brightness decreases. We will also power the street lights using energy produced by 

motion on the road. 

Our proposed design aims to efficiently controlatheaintensity of theastreetlights. Our 

system aims to fulfill the following requirements: 

 The lights will be powered by energy produced by pressure applied by footsteps of 

pedestrians. 

 We will use DC lights instead of AC lights to eliminate cost of conversion of DC 

to AC. 

 Control energyaefficientastreet lightsato turnaon onlyawhen neededaandaremain 

off otherwise 

 Thisaproject will help toadecreaseawastage ofaelectricity by controllingaworking 

of smart street light system that contributes to a goodaamount of electricityabills in 

ouranation 

 Smart streetalight system triesato find solutionafor faster depletionaof energy 

resourcesadue to inefficientausage and wastageaof these resources 
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 Build anaenergy saving smartalighting systemawith integratedasensors and 

controllers.a 

1.7.   Salient Features 

The salient features of this project are:  

 Reduce wastage of electricity by powering on street lights only when there is 

motion on the road 

 Power is generated by the pressure exerted by people while walking or running 

 No external source of power is usedafor powering the streetalights 

 Battery stores the generatedapower 

 DC lights are used which consumes less power 

 This system is eco-friendly as no fossil fuels are used in energy generation  

1.8.   Reasons/Justification for Selection of Topic 

Pakistan has no indigenous street light system which saves energy and also generates 

energy. It needs its own efficient street light system which reduces resources. The 

mainagoal of this project is toadesign andadevelop a smartastreetalight system. 

1.9.   Organization of Document 

The document compromises of five major sections: 

Chapter 1  First Chapter covers the background/motivation, brief overview, 

problem statement, scope, approach, objectives, salient features and 

reason for selection of topic.  

Chapter 2 Second Chapter deals with the literature review done throughout the 

project and it lists the similar projects done or the projects that are 

currently being worked upon. 

Chapter 3 Third Chapter deals with the technological specifications i.e. 

hardware and software specifications. 
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Chapter 4  Fourth Chapter gives the overview of Smart Street Light System 

design and also explains in detail the hardware design and 

development carried out. 

Chapter 5  Fifth Chapter analyzes the project and shows the results of the 

project and basing on the performance the benefits of Smart Street 

Light System are also discussed. 

Chapter 6 Conclusion 

Chapter 7 Seventh Chapter discusses future work and enhancements. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1   Background Study 

The normal system of street lights consumes enormous amount of energy, hence a lot of 

energy is wasted. In most of the systems the consumption of energy is minimized with 

the implementation of brightness sensors due to which lights remain off during day time 

and turn on during night time [1]. But in this system lights remain on throughout the night 

even if there is no traffic on the road hence this consumption of energy is consistent and 

has no concern with the frequency of traffic. This is a huge wastage of energy. Currently, 

when we are facing a major energy crisis and a lot of energy is wasted due to constant 

illumination of street lights, so there is a need to reduce this consumption of energy. With 

the upgradation of technology, many solutions like LED, brightness controller/dimmer 

(which reduce intensity of light), Wireless and ICT based systems have been proposed 

[9]. The main objective of this project is to evaluate and integrate these technologies to 

efficiently reduce the consumption of the energy in the street light system. 

 

In majority areas, the street lights are replaced by LED lights which reduce energy 

consumption to some level. By using LED technology, the intensity of lights can be 

controlled easily. The power consumption can further be reduced by designing and 

implementing movement detection based Smart Street light system i.e. street lights 

remain off or in a dim state when there is no vehicle/pedestrian on the road and turn on 

when movement of vehicle/pedestrian is detected on the road/street by means of motion 

sensors. Hence, movement detection based street light control can be designed easily. 

 

The street lights can be powered by energy generated through the pressure applied by 

footsteps. So there will be no need to power street lights separately. In energy generation 

through footsteps mechanical energy is converted into electrical energy.   



10 

 

Footstep power generation system is used to generate electricity by walking or running. 

As the demand of electricity is increasing day by day but generation conventional 

resources are not enough for total demand of electrical energy. Therefore, we need to use 

non-conventional energy resources for power generation. Our proposed system converts 

mechanical energy to electrical energy using piezoelectric sensors. This system can also 

be implemented on roads, bus stations and other public places. 

 

Figure 2-1: Energy generation through footsteps tile [9] 

Different methods used to design smart street light system are as follows: 

2.2   aCentrally-controlled smart streetalight systemsa  

Smart streetalights have beenaresearched by manyaresearchers. Someacompanies have 

developedacentrally-controlled smartastreet light systemsawith the hostacomputers. 

They might beasuitable forabeing applied to aalarge area or a newlyadeveloped area 

basedaon a wide area. However,athey might notabe suitable forabeing applied toaa 

smallaarea. Moreover, centrally-controlledasmart street lightasystems areaexpensive 

because theahost computers,awhich support manyastreet lights, mustahave high ability 

andait takes muchacost to maintainanetworks of smartastreet lights [4]. 
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Figure 2-2: Centrally controlled smart street light system [4] 

2.3    aPedestrianaawareaSmartaStreetaLightingasystema 

This kind ofasmart street lightsaexchange informationaof detecting movingaobjects and 

turnaon so thataneighborhood of theamoving objects lightens.aBasically it is SSL 

system,aa framework developedafor a dynamicaswitching of streetalamps based on 

pedestrians’alocations and desiredasafety zones. Inathe developedasystem prototype, 

eachapedestrian is localizedavia his/her smartphone,aperiodically sendingalocation and 

configurationainformation to theaSSL server. Forastreet lamp control,aeach and every 

lamppostais equipped withaa ZigBee-basedaradio device,areceiving control information 

fromathe SSL serveravia multi-hoparouting. But experimentsahave shown thataobjects 

like treesacan interrupt wirelessacommunication between lampposts andathat 

inaccuracyaof global positioningasystem position detectionacan lead toaunexpected 

lightingaeffects [5].  
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Figure 2-3: Dynamic Street Lighting System Overview [5] 

2.4 . Multi object tracking for mobile navigation with embedded 

tracker  

In this systemathe method ofapedestrian trackingais proposed forasmart streetalight 

systems.aDetection of existenceaof pedestriansaor vehiclesais importantafor smart 

streetalight systems.aAn efficientaprocessing platformais requiredato achieve the 

objectiveathat trackingain real-time andawithout dataalosing [6]. 

2.5   aIOT based smart and adaptive lighting in street lightsa 

The system isamainly used forasmart and weatheraadaptive lighting inastreet lights. The 

automaticallyaON/OFF of streetalights can beaaccessed anywhereaanytime 

throughainternet. A cameraais placed onatop of theastreet light toatrack the actions 

performedaon the road whereathe footages areastored in a server.aA panic button is 

placedaon the pole,ain-case of anyaemergency or danger,athe person inadanger can 

pressathis button whicharaises an alarmaat the nearbyapolice station. Wheneverathe 

panicabutton is pressed,athe footage at thatatime recorded byathe camera isasent directly 

toathe cloud account.aThe access of theaaccount is given toathe particular policeastation 

by whichathey can viewathe incident’s spot.aEach area’s streetalights are connectedato 

the particular area’sapolice station andaeach of them has aacloud accessible account [7]. 
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2.6  aStreet light system using computer vision and image processing 

techniquesa 

This systemasuggest a new methodafor monitoring theastreet lighting systemawhich is 

completelyaisolated from electricityanetwork and appliesapicture shooting ofastreet 

lighting network,aimage processing andacomputer vision techniquesaand separating 

light sourceamethod in the picture [8]. 

2.7   aStreet light automation by self-responsive cars for smart 

transportationa 

Vehicle and pedestrianaaware smart street lightaautomation can saveatremendous 

amount ofaelectricity which mayabe diverted towardsarural electrification.aIt is nothing 

but energyaefficient street lightaautomation based onaobjective motion. Self-responsive 

carahelps driver toalearn and understandathe benefits of streetalight automation based 

onaself-responsive car,aalso it can have aabeneficial effect on roadasafety when used 

onamotorways with non-congestedatraffic. Thus it willareduce number ofaaccidents due 

toauncontrolled vehicle [9]. 

2.8    aPower Generation by Footstepsa 

When an individualapasses it push theatile on ground surfaceawhich turn theashaft 

beneath the tile,aturn is limited byaclutch bearing whichais underpinned byaholders. 

Primary shaftarotates approximatelyatwice by a single tireapush. The movementaof 

prevailing shaftaturn the gear boxashaft which buildsait fifteen timesathen its movement 

isasmoothen by theahelp of flywheel whichatemporarily storeathe movement,awhich is 

conveyedato DC generator. Energyagenerated is storedain batteries, anainverter circuitry 

isaimplemented to convertaDC to AC [10].  
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Figure 2-4: Energy Generation through Footsteps [10] 

 

2.9   aIntelligent Street Light System in Context of Smart Grida 

Energy utilizationa& management schemesaat home, businessaand industry haveabeen 

successfully implementedain the context ofasmart grid. Butathe public street lightasystem 

has notabeen taken underaserious consideration.aThe conventionalastreet light systemais 

the potentialaconsumer of electricity,aand large amountaof electricity wasted.aThe 

consumptionaof energy is consistentaand has no concernawith the activity andafrequency 

of traffic.  

 

 

Figure 2-5: Comparison of Energy Consumption in different techniques at night [35] 
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The lighting systemais widely implemented inaroads, commercial andaresidential areas to 

facilitateathe passenger, carsaand pedestrian.aIn the security sensitiveaareas continuous 

lightening isaessential to protect theapassengers from robbersaand animals at night.aBut in 

rural areasaand intra city highwaysathe constant lighteningais required; it is wastage of 

energyawhich ultimately raiseathe carbon footprint.aThe purpose of thisaproject is to 

proposeathe smart street lightasystem in combination withasmart grid systemato efficiently 

utilizeathe energy at night.aStreet Light is theapotential consumer of electricity.aIn 

developing countries noasignificant work has beenadone to reduce energy consumptionain 

the street lightasystem. Conventional streetalight system consumeda35% of electricity 

duringanights, while aftera12:00 am 90% of electricityawasted in low traffic areas.aAnd 

the street lightsaremain turned on wholeanight till morning.  

 

 

Figure 2-6: Energy Consumption in Off peak hours with low Traffic [35] 
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Figure 2-7: Graph showing Energy Consuming Profile in highway [35] 

In conventional streetalight system manual controla(turn on switch mountedaon each pole 

or wholeadistribution line), timeacontrol and opticalacontrol are used toaturn on and off 

thealights. In smallaand medium cities,atime-optical-control is commonlyaimplemented. 

The advancementain technology provokedathe idea of the smartagrid and smart cities.aIn 

developed countriesasmart grid is becomingacommon to monitor, controlaand manage the 

electricalagrid system. 

 

 

Figure 2-8: Energy Consuming Profile at different frequency of traffic [35] 
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2.10  aIOT Based Smart Street Light Management Systema 

The aim ofaautomated streetlightamanagement system using IOTais the conservationaof 

energy by reducingaelectricity wastage asawell as to reduceathe manpower.aStreetlights 

are the elementalapart of any city sinceait facilitates betteranight visions, securearoads, and 

exposure toapublic areas but itaconsumes a quite largeaproportion of electricity.aIn the 

manual streetlightasystem lights it isapowered from sunset toasunrise with maximum 

intensityaeven when thereais sufficient light available.aThis energy wastage canabe 

avoided byaswitching off lights automatically.aThe saved energy canabe efficiently 

utilizedafor other purposesalike residential, commercial,atransportation etc. This canabe 

achieved usingaan IOT enabled streetlightamanagement system [14].  

 

 

Figure 2-9: IoT based System [14] 

The project usesaLight Emitting Diodesa(LED) that doanot consume anaenormous amount 

ofaelectricity to replaceathe power consumingatraditional HID lamps.aLED lights 

alongawith LDR enableathe intensity variationawhich is infeasible withathe HID 

lamps.aAs LEDs areadirectional light sourcesait can emit lightain specificadirection 

thereby optimizingathe efficiency of theastreet lights. Thisasystem includes anaadditional 

DHT11 Temperature-Humidityasensor. This provides theaexact temperature and 

humidityaof a particular region.aDHT11 is a compositeasensor that contains aacalibrated 

digital signalaoutput of the temperatureaand humidity. It ensuresahigh reliability and 

excellentalong-term stability. Thisawork is implemented usingaa programmed Arduino 
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boardafor providing thearequired intensity ofalight at various times.aThe proposed work 

hasaachieved a better performanceacompared to the existingasystem. 

 

 

Figure 2-10: IoT Based System Overview [14] 

2.11 Conclusion 

Piezoelectric sensors are arranged in series and parallel combinations and this arrangement 

of sensors is placed under the footpath tiles. When pedestrians are passed through the 

footpath a certain amount of pressure is applied on the sensor due to this pressure AC 

voltage will be generated. Amount of voltage that is produced by piezoelectric sensor will 

depend on the pressure applied either by the weight of the moving vehicles or by the weight 

of the people walking on it. Due to sensitivity of the sensor, the output voltage will keep 

on fluctuating. This fluctuating voltage is given as an input to the full wave rectifier circuit 

that converts AC voltage into DC voltage. This DC voltage is then stored in a rechargeable 

battery. Street lights are powered by energy stored in battery, these lights will turn ON only 

when there are vehicles or pedestrians on the road otherwise lights will remain turn OFF. 
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CHAPTER 3  

TECHNOLOGICAL REQUIREMENTS 

3.1. Project Hardware 

Some of the major hardware components required in this project are: 

 PIR Sensors 

 Piezoelectric Sensors 

 LDR 

 Battery 

 Reed Relay 

 Relay Module 

 Arduino UNO 

3.1.1.  PIR Sensors 

PIR sensor standsafor Passive Infraredasensor. This is anaelectronic sensor thatadetects a 

humanabeing or vehiclesamoving around withinaapproximately 10m fromathe sensor. 

This is anaaverage value, asathe actual detectionarange is betweena5m and 12m. PIR 

sensor isafundamentally made ofaa pyro electric sensor,awhich can detectalevels of 

infraredaradiation. 

These sensors areaalso known asa“PID”, for "passiveainfrared detector".  

The term passivearefers to theafact that PIRadevices do notaradiate energy foradetection 

purposes. They work entirelyaby detecting infraredaradiation (radiant heat)aemitted by or 

reflectedafrom objects. 

Here is theadiagram of aaPIR motion detectoraused to controlaan outdoor, automaticalight. 
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Figure 3-1: PIR motion detector used to control an outdoor, automatic light.[15] 

They are small,ainexpensive, low power,aeasy to useaand don’t wearaout. For that 

reason,athey are commonlyafound in appliancesaand gadgets usedain homes or 

abusinesses. 

 

3.1.1.1.   PIR Sensor Features [17] 

 Wide range onainput voltage varyingafrom 4.V to 12Va(+5V recommended) 

 Output voltage isaHigh/Low (3.3V TTL) 

 Can distinguish betweenaobject movement andahuman movement 

 Has to operatingamodes – Repeatable (H)aand Non- Repeatable (H) 

 Cover distance ofaabout 120° anda7 meters 

 Low poweraconsumption ofa65mA 

 Operating temperatureafrom -20° toa+80° Celsius 

 Figure 3-2: PIR Sensor [16] 
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Figure 3-3: PIR sensor with labeling [16] 

  

3.1.1.2. Pin Configuration 

Table 3-1: PIR Sensor Pin Configuration [17] 

 

 

3.1.1.3. Connecting to a PIR 
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Figure 3-4: PIR Sensor [18] 

Most PIR modulesahave 3 pinaconnections. The pinout mayavary between modules. One 

pin willabe ground, anotherawill be signalsaand the finalaone will beathe power. 

Power is usuallya3-5 Vdcainput but mayabe as highaas 12V. 

3.1.1.4. Applications 

 AutomaticaStreet/Garage/Warehouseaor Garden Lights 

 BurglaraAlarms 

 Security camsaas motionadetectors 

 IndustrialaAutomationaControl 

3.1.1.5. How to use PIR motion sensor? 

The moduleacan be poweredafrom voltagea4.5V toa20V but, typicallya5V isaused. Once 

the modulaais powered, allowathe moduleato calibrateaitself forafew minutes. 2 minutes 

isaa well settledatime. Then observeathe outputaon the outputapin. 

There are twoaoperating modesain thisasensor, such asaRepeatable (H) andaNon- 

Repeatable (L)amode. The Repeatableamode is theadefault mode. 

The output ofathe sensoracan be setaby shortingaany two pinsaon the leftaof the moduleaas 

shownabelow. 
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Figure 3-5: PIR sensor modes [17] 

 

Repeatable (H) Mode 

In repeatablea(H)amode, outputapin goes higha(3.3V). When aaperson isadetected 

withinathe rangeaand goesalow afteraa particularatime.  

In this modeathe outputapin will goahigh irrespectiveaof whetherathe personais still 

presentainside the rangeaor has leftathe area. 

Non Repeatable (L) Mode 

In thisamode, the outputapin goesahigh (3.3V) whenaa person is detectedawithin range 

andastays highaas long asathat personastays withinathe limitaof the sensorsarange. 

 

Figure 3-6: Pyroelectric Sensor and Fresnel Lenses [17] 
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There are twoaimportant materialsapresent in thisasensor: 

PyroaelectricaCrystal (Can detectathe heatasignatures from a livingaorganism) 

FresnelaLenses (Can widenathe rangeaof theasensor) 

3.1.2. Piezoelectric sensor 

Basically, theaprefix “piezo” isaGreek for 'press'aor 'squeeze'. 

It utilizesathe piezoelectricaeffect, to measureachanges inaacceleration,astrain, 

pressure,aand forceaby convertingathem into electricalacharge. Piezoelectricaeffect 

causesathe occurrenceaof electric dipoleamoments in solids due to the pressureaapplied to 

piezoelectricacrystal that produces electricacharge. This piezoelectricacharge is 

proportionalato the pressureaapplied to piezoelectricacrystal [20].  

 

Figure 3-7:  Piezoelectric sensor [20] 

A piezoelectricaaccelerometer has a chargeafrequency responseacapacity rangingafrom 20 

Hz to 10 KHz. The maximumapressure applied by piezoelectricasensors can be 1,000 psi 

and the voltageameasurement range can beaup to 5 volts. 

Piezoelectricasensors areadesignedaandamanufacturedatoameetamostaindustry 

specifications. 
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Figure 3-8: Piezoelectric disk generating a voltage when deformed [19] 

 

  3.1.3. LDR 

LDRastands for lightadependent resistor. This is alsoaknown as photoaresistor or photo-

conductiveacell [27]. 

An LDR is aacomponent that has aa(variable) resistanceathat changes with the light 

intensityathat falls uponait. This allows themato be used in lightasensing circuits. 

It is usedato senseaday and night. LDRaturns the streetalights ON when there isadark and 

turns the streetalights OFF during dayatime. 

 

Figure 3-9: LDR [29] 

 

LDRs are madeaup of semiconductoramaterials having higharesistance. There are many 

differentasymbols used to indicateaan LDR, one of the mostacommonly used symbolais 

shown in the figureabelow. The arrowaindicates lightafalling on it. 
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Figure 3-10: LDR Symbol [28] 

An LDRaworks on the principleaof photoaconductivity. Photoaconductivity is an optical 

phenomenonain which the conductivityaof materials isaincreased, when light isaabsorbed 

by theamaterial. 

 

 

Figure 3-11: Photo conductivity [30] 

 

LDRs are lightadependent devices whosearesistance is decreasedawhen lightafalls on 

themaand that isaincreased in the dark. When an LDRais kept in the dark, itsaresistance is 

very high. This resistanceais known as darkaresistance. It canabe asahigh as 1012Ω andaif 

the deviceais allowed toaabsorb light, its resistanceawill be decreasedadrastically. If a 

constantavoltage is appliedato it and intensityaof light is increased theacurrent starts 

increasing. 

Here is thearesistance vs. illuminationacurve for a particularaLDR. 
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Figure 3-12: Resistance vs. illumination [28] 

 

LDRsaare non-linearadevices. There sensitivityavaries with theawavelength of light 

incidentaon them. 

Also, LDRs arealess sensitive than photoadiodes and phototransistors. 

Moreover, LDRsahave two types, basedaon the materials [30]: 

 Intrinsicaphoto resistors 

 Extrinsicaphoto resistors 

LDRs have lowacost and they have simple structure.  

Because of theaability to detect presenceaor absence of light like in aacamera light meter, 

they are used in streetalamps, alarmaclock, burglaraalarm circuits, lightaintensity meters, 

for countingathe packagesamoving on a conveyorabelt, etc. 

3.1.4. Battery 

Battery is usedato store the electricaenergy generated by piezoelectricacrystal. 

The battery usedain this project is 12VaDC battery. This battery consists of 

electrochemicalacells with externalaconnections provided to poweraelectrical devices. 

This battery has twoaterminals, positive terminal is known as cathodeaand negative 

terminal is known asaanode. The terminal markedanegative is the source of electronsathat 

will flowathrough an externalaelectric circuit to the positiveaterminal. 

Historicallyathe term "battery" specificallyareferred to a deviceacomposed of multiple 

cells, howeverathe usage has evolvedato include devicesacomposed of a single cell. 
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Figure 3-13: 12V Battery [20] 

Batteries areaclassified into twoaforms: 

 Primary: These batteries areadesigned to be used untilaexhausted of energyathen 

discarded. Theirachemical reactions areagenerally not reversible, so they cannot 

bearecharged. When the supplyaof reactantsain the battery isaexhausted, the 

batteryastops producingacurrent and is useless. 

 Secondary: These can bearecharged; that is, they can have their chemical reactions 

reversedaby applying electricacurrent to the cell. This regeneratesathe original 

chemicalareactants, so they can beaused, recharged, and used again multipleatimes. 

3.1.5. Reed Relay 

A reedarelay is a type ofarelay that uses an electromagnetato control one or more reed 

switches. 

The reedarelay consists of a switchawith magneticacontacts that move under the influence 

of an externalamagnetic or the inducedafield from its solenoid. They have fasteraswitching 

speed compared to the electromechanicalaones but their switching current and voltage is 

loweramainly because of its contacts thickness [21]. 

3.1.5.1. Composition 

Basis of reedarelay is the reed switch, which is the coreaelement of the reed relay. 

A reedaswitch consists of twoareed contacts, typically madeaup of nickel-iron and then 

plated withamaterials to ensure the maximumalife of the device. 
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Figure 3-14: Reed Relay [22] 

Oftenuthe nickel-ironaallows is around 52%anickel. The reedacontact materials used 

includearuthenium, rhodiumaand sometimesairidium or where highavoltages are involved 

it might be tungstenuorumolybdenum. Often rhodiumiis usually electroplatedoonto the 

reed element, whereasaruthenium is generallyasputtered. There were also a veryufew 

reeduswitches that usedugold, often for audio - but the low meltingipoint of gold meant 

theyyused to stickuand they areynot seen theseadays [24]. 

 

Figure 3-15: Internal assembly of a reed switch [23] 

 

3.1.5.2. Working 

It worksaby placing aamagnetic field closeato the reedaswitch contacts. By doing so, each 

of the reedsabecome magneticallyuoriented such that the twouends of the reed attractueach 

other and moveutogether closing theacontact. 
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Underaconditions where no magneticufield is applied, the twoucontacts will not be 

magneticallyuorientated and the springuloading in the contactsuwill keep them apart. 

As the magnetais broughtucloser to the reeducontacts which are madeaof a magnetic 

material, typically nickeloiron, this starts magneticallyuorientated the two reedorelay 

contacts. A northypole will appearuin oneucontact and a southuin the other. 

 

Figure 3-16: Basic operation of a reed switch [23] 

3.1.6. Relay Module 

Relayumodule is used for remoteudevice switching. By using thisumodule, we can 

remotelyacontrol devicesuover a networkyor the Internet. Devices canybe remotely 

poweredoon or off with commandsycoming from ClockuWatch Enterpriseedelivered over 

a localoor wide areaynetwork [25]. We can controlucomputers, peripheralsuor other 

poweredydevices from across theuoffice or across the world. 

 

 

Figure 3-17: 2 Channel 5V 10A Relay Module [26] 
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3.1.6.1. Pin Configuration 

 

Figure 3-18: Pin Configuration of relay Module [26] 

1. VCC: 5V DCa 

2. COM: 5V DCa 

3. IN1: high/lowuoutput 

4. IN2: high/lowuoutput 

5. GND: ground 

3.1.6.2. Wiring Diagram 

 

Figure 3-19: Wiring Diagram [26] 
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3.1.6.3.  Schematic Diagram 

 

 

Figure 3-20: Schematic Diagram [26] 

 

3.1.7.  Arduino UNO 

The ArduinoaUNO is an open-source microcontrolleryboard based on the Microchip 

ATmega328Pamicrocontroller and developedyby Arduinoacc [31]. 

The board is equippedywith sets of digital andyanalog input/output (I/O) pinsythat may be 

interfaceduto various expansionyboards (shields)aand otherucircuits. 

 

Figure 3-21:  Arduino UNO [31] 
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3.1.7.1.  Pin Configuration 

 

 

Figure 3-22: Pin Configuration [33] 

3.1.7.1.1.  Details of Arduino Pins 

Arduino Uno is a very valuable addition in the electronics that consists of USB interface, 

14 digital I/O pins, 6 analog pins, and Atmega328 microcontroller. It also supports serial 

communication using Tx and Rx pins [32]. 

Each of the 14 digital pins on the Arduino Uno can be used as an input or output, using 

pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin 

can provide or receive a maximum of 40 mA and has an internal pull-up resistor 

(disconnected by default) of 20-50 kOhms. 

Pins 2 and 3 are for external interrupts. These pins can be configured to trigger an interrupt 

on a low value, a rising or falling edge, or a change in value. See the attachInterrupt() 

function for details. 

There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED 

is on, when the pin is LOW, it’s off [34]. 
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Table 3-2: Arduino Pin Configuration [33] 

Pin Category Pin Name Details 

PowerA Vin,A3.3V,A5V,AGND Vin: Input voltageAto 

ArduinoAwhen usingAan 

externalApowerAsource. 

5V: RegulatedApower 

supplyAusedAtoApower 

microcontrollerAand other 

components onAthe board. 

3.3V: 3.3V supply 

generated byAon-board 

voltageAregulator. 

Maximumacurrent drawais 

50mA.a 

GND: groundapins. 

Reseta Reseta Resets theamicrocontroller 

Analog pinsa A0-A5 Used to provideaanalog 

inputain the rangeaof 0-5V 

Input/outputapins Digitalapins 0-13 Canabe usedaas input or 

output pinsa 

Seriala 0(Rx), 1(Tx) Used toareceive and 

transmitaTTL serialadata. 

ExternalaInterrupts 2,3 To trigger an interrupt 

PWMa 3,5,6,9,11 Provides 8 bit PWM output 

SPIa 10 (SS), 11 (MOSI), 12 

(MISO) and 13 (SCK) 

Usedafor SPI 

communicationa 

Inbuilt LED 13 To turn on the inbuilt LED 

TWI A4 (SDA), A5 SCA Used for TWLa 

communicationa 

AREF. AREFa Toaprovide reference 

voltage forainputavoltage 
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3.1.8.  NodeMCU 

NodeMCU is an open source IoT platform. It includes firmware which runs on the 

ESP8266 Wi-Fi SoC from Espressif Systems, and hardware which is based on the ESP-12 

module. The term “NodeMCU” by default refers to the firmware rather than the DevKit. 

The firmware uses the Lua scripting language. It is based on the eLua project, and built on 

the Espressif Non-OS SDK for ESP8266. It uses many open source projects, such as lua-

cjson, and spiffs. 

Figure 3-23: Front and Back View of NodeMCU [36] 

3.1.8.1.  Features 

 Version : DevKit v1.0 

 Breadboard Friendly  

 Light Weight and small size 

 3.3V operated, can be USB powered. 

 Uses wireless protocol 802.11b/g/n. 

 Built-in wireless connectivity capabilities 

 Built-in PCB antenna on the ESP-12E chip 

 Capable of PWM, I2C, SPI, UART, 1-wire, 1 analog pin 

 Uses CP2102 USB Serial Communication interface module 

 Arduino IDE compatible (extension board manager required) 

 Supports Lua (alike node.js) and Arduino C programming language. 
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Figure 3-24: Pin Configuration of NodeMCU v1.0 [36] 

 

3.2. Project Software 

We have doneucoding on ArduinoaUNO in this project. 

 Arduinoa 

 Proteus 

 Android Studioi 

3.2.1. Arduino 

The Arduinoaintegrated developmentuenvironment is a cross-platform applicationsthat is 

written in the programmingdlanguageaJava. It is used toawrite and upload programs to 

Arduinoycompatible boards, but also, with theahelp of 3rd partyacores, other vendor 

developmenttboards. The ArduinoyIDE supports the languagessC and C++ using special 

rulesuof codeystructuring. 
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In our Arduinoois used to code for PIRtsensors so that the lightsuonly turn on when there 

are pedestriansuor vehiclesyon the road and remainyoff otherwise. We have also used 

Arduino for coding our NodeMCU which is used to monitor voltage and charging state of 

battery wirelessly. 

 

Figure 3-25: Arduino Logo [31] 

 

5.2.2. ProteusuDesign Suite 

The Proteus DesignASuite is a proprietaryYsoftware tool suite usedaprimarily for 

electronicadesign automation. The software isaused mainly by electronicydesign engineers 

andttechnicians to createaschematics and electronicyprints for manufacturing 

printedycircuit boards. 

It is a Windowsyapplication for schematicacapture,asimulation, and PCBa(Printed Circuit 

Board) layoutadesign. It can beapurchased in manyyconfigurations, dependinguon the size 

of designsybeing produced and theyrequirements for microcontrollerysimulation. All 

PCBbDesign products includeuan auto router andabasic mixed mode SPICEysimulation 

capabilities. 

We have usedathis software to design theycircuit for our project forysimulation and 

testingupurpose. First we haveamade thealayout. Then after theydesign layoutuin Proteus 

we shift toaARES so that we canyprint it on PCBaboard. 
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Figure 3-26: Proteus Design Suite Logo [38] 

5.2.3. Android Studio 

AndroidAStudioAisAaAofficialAintegratedAdevelopmentAenvironment (IDE)Afor Goo

gle's Android operating system, built on JetBrains' IntelliJ IDEA software and designed 

specificallyAfor AndroidAdevelopment. ItAisAavailableAforAdownloadAon WindowsA

macOS and Linux based operating systems. It is a replacement for the Eclipse Android 

Development Tools (ADT) as the primary IDE for native Android application 

development. 

We have used Android Studio to develop an app to monitor our system. 

 

Figure 3-27: Logo of Android Studio [39] 

  

https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Google
https://en.wikipedia.org/wiki/Google
https://en.wikipedia.org/wiki/Android_(operating_system)
https://en.wikipedia.org/wiki/Operating_system
https://en.wikipedia.org/wiki/JetBrains
https://en.wikipedia.org/wiki/IntelliJ_IDEA
https://en.wikipedia.org/wiki/Android_software_development
https://en.wikipedia.org/wiki/Windows
https://en.wikipedia.org/wiki/MacOS
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Eclipse_(software)#Android_Development_Tools
https://en.wikipedia.org/wiki/Eclipse_(software)#Android_Development_Tools
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CHAPTER 4  

DESIGN AND IMPLEMENTATION 

4.1.  Architecture Design of Smart Street Light System 

This project of “Smart Street Light System” comes in the category of Hardware -Software 

Integration. The project can be best understood by flow chart and block diagram. Our 

project has two parts, in the first part we are trying to minimize wastage of electricity by 

detecting motion on the road by means of PIR sensors. In the second part we are generating 

electricity by means of piezoelectric sensors and storing this electricity in a battery.  

4.2.  Development Plan 

Designing and development are the most important aspects of a project especially when it 

comes to FYP. So the basic timeline which was followed during the development of our 

project is given below: 

 

Figure 4-1: Project Development Timeline 
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4.3.  Comparison of Sensors 

The below table shows the comparison between two types of sensors which were suitable 

for our design. 

Table 4-1: Comparison of Sensors [6] 

 

We consideraPIRatechnologyato beamostasuitable for ouraapplication.aAlthough 

ultrasonicasensorsaare more sensitive and haveagreater coverage and range, they are not 

suited for outdooraapplications and will consequentlyahave a high falseadetection rate. The 

false detectionarate is the main cause that we did not use dualatechnology (both PIR and 

UltrasonicaSensors) for this purpose. 

Theachosen sensor isapackaged for indoorause and so the casinganeeds to be modified for 

outdooraapplications. Thisawould allow us to optimize detection for cars and people while 

meeting thearequired regulations for ingressaprotection. 
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4.4.  PIR Sensor Specification 

After selection of sensors we have tested PIR sensor to find its range which is 6m - 7m and 

input and output voltage. Input voltage is 4V-12V and output voltage is 3.3V. Power 

consumption of 65mA.  

Table 4-2: PIR Sensor Specifications [7] 

 

4.5.  Comparison between Bulbs 

The below table shows the comparison between various lights bulbs that exist. 

Table 4-3: Comparison of Bulbs [8] 
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As it is evident from the above table that why we have chosen LED light bulbs. Their initial 

cost is high but the operational cost over the period of 23 years is less and their average life 

span is more and they consume less power as compared to CFL and Incandescent. We will 

use DC voltage to power the light bulbs instead of AC. We can also power the lights using 

AC voltage but for this purpose we only need an inverter to convert the DC voltage to AC 

voltage. For this purpose we will add the inverter after the battery as the battery in our case 

stores DC voltage [3]. 

4.6.  Methodology 

First of all the piezoelectric sensorsaare connected withaeach other in seriesaand parallel 

andaplaced under aatile or aasheet ofametal. As peopleawalk on it aacertain amountaof 

pressureais applied on the sensor due to this pressure AC voltage will be generated. 

Amount ofavoltage that isaproduced by piezoelectric sensor will depend on theapressure 

applied either by the weightaof the movingavehicles or by the weight of people walking 

onait. Due to sensitivity of the sensor, the outputavoltage willakeep onafluctuating. This 

fluctuating voltage is given as an inputato the full wave rectifier circuit thataconverts AC 

voltageainto DC voltage. This DC voltage is thenastored inaa rechargeableabattery. A 

direct connection can be given from the battery to the load in case of a DC load. The battery 

can then be connected to an inverter in case of an AC load. 

Here weacan give thisato the LDR sensorawhich helps in theaautomatic control ofastreet 

light. When it is full dark, the sensor activates the street light. During day time the LDR 

begins to reduce the brightnessaand the street light isacompletely off onceathe sunarises 

completely. PIR sensorais used to detectamovement on thearoad i.e. lights will turn ON 

only when there are vehicles or pedestrian on the road during the night.  
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Figure 4-2: Proposed Block Diagram 

 

In order to explain the flow chart we will consider the two phases of our project. In the first 

phase or part of our project we will be generating electricity by means of piezoelectric 

materials. A basic diagram to demonstrate this is given below. 

 

 

Figure 4-3: Piezoelectric sensor basic description 

 

The figure shows that the senor has positive and negative charges and when force is applied 

on it then voltage is produced but as this voltage is not as high to directly power a bulb so 

we will use this voltage to charge a battery. The force in this case comes from the 
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pedestrians walking or running on the footpath as we have explained earlier that the 

piezoelectric sensors are placed beneath the tile so when someone walks on the footpath 

then force is exerted on these sensors which then produces voltage. This voltage is used for 

charging the 12V battery. We are using piezoelectric sensors to produce electricity as it is 

a non-conventional source of energy production and it is environment friendly. 

The charging of battery while walking can be illustrated by the figure shown below which 

shows that pressure of pedestrians walking on the footpath charges the battery which in 

turn is utilized for powering the lights. 

 

Figure 4-4: Charging of Battery 

 

As we have to minimize usage of electricity so we are using PIR sensor to detect motion 

so the lights will only turn on when there are pedestrians or vehicles on the road and remain 

off otherwise. LDR is used to detect presence or absence of light so light remains off during 

the daytime and even during night street lights only turn on when there is some kind of 

motion on the road.   

The battery charges during the daytime and also at night and is only consumed when 

required by the people. 
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Figure 4-5: Flow Chart of Proposed Solution 

 

4.7.  Tile Designing 

4.7.1 Arrangement of Sensors 

For designing the prototype for Smart Street Light System we will have to design 

the tile first. In designing the tile, we have to arrange the sensors beneath the tile in 

a way that generates maximum output voltage. There are many ways to increase 

the output of a piezo material.  

1. Connecting them in a series combination: this will increase the voltage 

output but won’t be able to increase the current as significantly, as 

these materials are not linear (with linear I mean V vs I graph). 

2. Connecting them in parallel combination: this will increase the current 

output but the voltage won’t increase much significantly. 
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3. In order to get a good V as well as I output, we have used the series-

parallel combination. 

The below figure shows how the sensors will be arranged in series-parallel 

combination. The voltage produced will be AC voltage which will be 

converted to DC by means of a rectifier. 

 

 

 

Figure 4-6: Arrangement of sensor 

 

4.7.2  Tile Design and Specification 

For the prototype the specifications of the tile are: its length is 24 inches and its 

width is 10 inches. 

As we are designing a prototype so we have made a small tile. The external view 

of the tile is shown below. 
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Figure 4-7: External View of Tile 

As discussed earlier, the sensors are arranged below the tile in series and parallel 

combination. For the prototype of this project we have arranged 12 sensors beneath 

the tile. We have made three groups of four sensors each. The four sensors are 

parallel to each other and the three groups are in series with each group containing 

4 sensors.  

 

 

Figure 4-8: Internal View of Tile 

 

4.8  Motion Detection Circuit 

For motion detection we have used PIR sensor. We have used this sensor to detect the 

motion of vehicles and pedestrians on the road so the street lights only turn on when 

they are needed and remain off otherwise. We are trying to do this as large amount of 

energy is wasted as the lights remain on throughout the night and there is no check on 

them. This could also be done using image processing by installing cameras but that is 
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a costly process as the cameras that are required to do such image processing are 

expensive as they should be very efficient so that no cars are missed and lights turn on 

for each and every vehicle or person otherwise the rate of street crimes may increase if 

there is complete darkness. Image processing is also a tough job as it requires machine 

learning and detecting moving objects by that is complex and it requires complicated 

programming. 

 

 

Figure 4-9: Working of PIR Sensor 

 

The above diagram shows the working of PIR sensor. The PIR sensor itself hasatwo slots 

in it, eachaslot is made ofaa special materialathat is sensitiveato IR. The lensaused here is 

notareally doing muchaand so we seeathat the two slotsacan 'see' out pastasome distance 

(basicallyathe sensitivityaof the sensor). Whenathe sensor isaidle, both slotsadetect the 

sameaamount of IR,athe ambient amountaradiated from thearoom or walls oraoutdoors. 

When a warm bodyalike a human or animalapasses by, it first interceptsaone half ofathe 

PIR sensor, whichacauses a positiveadifferential change betweenathe two halves. When 

theawarm body leaves theAsensing area, the reverseAhappens, whereby theAsensor 

generates a negativeAdifferential change. These change pulsesAare what isAdetected. 
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Figure 4-10: Block diagram for Motion Detection 

 

The block diagram above explains the basic functioning of our project. The Arduino 

boardAcan be supplied withApower either fromAthe DC powerAjack (7 - 12V), theAUSB 

connector (5V), orAthe VIN pin of theaboard (7-12V). Supplyingavoltage via the 5V or 

3.3V pinsabypasses the regulator, andacan damage youraboard.  

 In this project we will use DC power supply to operate Arduino using a DC powerajack. 

The DC powerasupply will be provided to Arduino by the same 12V battery which was 

used by the street lights and charged by the energy produced by the force applied by the 

pedestrians walking on the footpath.  

The PIRasensor will detectamotion and its output will be feed to the Arduino. The bulb 

will turn on or off depending on the output of the PIRasensor. If the PIRasensoradetects 

motion then the lightawill turn onaotherwise it will remain off as in the daylight.  

4.9   PCB Designing 

For PCB Designing we know that there is no Arduino device available in proteus so we 

have to install the library of Arduino so that we can then access it from pick devices. The 

Arduino library in proteus is shown below. 
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Figure 4-11: Arduino Library in Proteus 

Now that the Arduino library is installed but its PCB package is not available and we need 

its PCB package for the PCB layout in ARES. The PCB package is shown below. 

 

Figure 4-12: PCB Package of Arduino 

 

This PCB package is required to make the circuit in ARES so that when we print the circuit 

on the PCB board then we would know the exact place where to drill. 
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After the printing of circuit on PCB board, holes were drilled on the PCB board in order to 

place the components and then soldering was done. The complete PCB board is shown 

below. 

 

Figure 4-13: PCB Design 

 

4.10 Pole Designing and Development 

In designing the pole, we have to keep in mind the dimensions of street light system which 

are common in various parts the world. 

 

Figure 4-14: Road Dimensions 
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Technically, the distanceabetween two street lampsashould be 29ameters. This isadefined 

byacalculations ofApole heights andAother factors. IntentionAof keepingAa 

standardAdistance isAto maintain goodAillumination onAstreets. But at manyAplaces in 

PCB theAistance between twoAlamps is as muchAas 50 meters [4]. 

TheAstreetlight mountingAheight wasA25ft (7.6 m) [5]. 

As we knowAthat the widthAof the road varies from areaAto area so in orderAto 

calculateAthe distanceAbetween the street lightApoles we have theAfollowing 

calculations. 

Road Details: TheAwidth ofAroad is 11.5 Foot. 

Pole Details: The heightAof PoleAis 26.5 Foot. 

LuminaireAof each Pole: Wattage ofALuminaries is 250 Watt, LampAoutput (LL) is 

33200 Lumen, RequiredALux Level (Eh) is 5 Lux, CoefficientAof UtilizationAFactor (Cu) 

is 0.18, LampALumen DepreciationAFactor (LLD) is 0.8, LampALumen 

DepreciationAFactor (LLD) is 0.9. 

Space HeightARatio should be lessAthan 3. 

Calculation: 

𝑆𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑒𝑎𝑐ℎ 𝑃𝑜𝑙𝑒 = 𝐿𝐿 × 𝐶𝑈 × 𝐿𝐿𝐷 × 𝐿𝐷𝐷
𝐸ℎ × 𝑊

   (4.1) 

Spacing betweenAeach Pole = (33200×0.18×0.8×0.9) / (5×11.5) 

SpacingAbetween eachAPole = 75 Foot. 

Space HeightARatio = Distance betweenAPole / Road width 

Space HeightARatio = 3. Which is lessAthan defineAvalue. 

Spacing between each Pole is 75 Foot. 

RequiredAIllumination Level for StreetALight (L) is 6 Lux perASquare Meter. 

LuminousAefficacy (En) is 20 LumenAper Watt. 

RequiredAStreet Light Area toAbe illuminated (A) is 1 SquareAMeter. 
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We are designing a prototype so we can’t use the original dimensions of the road as this is 

not possible. The diameter of our pole is 0.7 inches and its height is 15.5 inches. 

We will place the PIR sensor on the pole. It will placed at a height of approximately 4 feet 

so that the sensor only detects humans and does not detect animals like cats and dogs which 

are on the street cause if it starts to detect their motion then the lights will be on 

unnecessarily. If the sensor is placed at this height i.e. four feet then animals won’t be 

detected as their height is approximately 2ft-2.5ft and as the PIR sensor is placed at a height 

of four feet so it won’t detect animals and only humans and cars will be detected.    

4.11 Wireless Connection with NodeMCU 

We have also used NodeMCU v1.0 in this project to wirelessly connect Smart Street Light 

System to the server. Actually, we are using this to monitor our system and to check 

whether the battery is charging or not. By doing this we can find faults in our project like 

if the sensors are damaged or battery isn’t charged due to less number of people or battery 

needs to be changed for any reason. 

We have coded NodeMCU using Arduino IDE to show whether battery is charged or not 

and also show its exact voltage.   

4.12 Making the App 

First we have made the login page for our application which is “Smart Street Light 

System”. By this login page only authentic users can view the information. The login page 

is shown. 
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Figure 4-15: LOGIN Page 

We have used firebase to create our database. 

Figure 4-16: Adding our Project 
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We will be using real time database in locked mode. 

Figure 4-17: Setting the real Time Database 

The basic layout of our app is shown in figure. 

 

Figure 4-18: Layout of Application  
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CHAPTER 5  

RESULTS AND ANALYSIS 

5.1. Automation of Street lights 

The street lights are controlled automatically i.e lights will turn on only when there are 

pedestrian or vehicles on the road otherwise remain off. 

 

Figure 5-1: No pedestrian 

Figure 5-1 shows that when there is no pedestrian or vehicle on the road lights will remain 

off because no movement is detected. Lights will turn on only when PIR sensor detects 

movement. 

Figure 5-2 shows that only one light is turned on because PIR sensor detects only one 

movement. 

 

Figure 5-2: Only one pedestrian 
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Figure 5-3: More than one pedestrian 

 

Figure 5-3 shows that when there are more than one pedestrian and PIR sensors of both 

lights detect movement than both lights are turned on. 

5.2. Movement Detected by PIR sensor 

Figure 5-4 shows the movement detected by PIR sensor. It also counts the total number of 

people that passes through the road and then the street lights are turned on accordingly. 

 

 

Figure 5-4: Movement detected by PIR Sensor 
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5.3. Voltage Generated by Piezoelectric Sensor 

We have checked how much voltage is generated by piezoelectric sensor for testing 

purpose and displayed the results on serial monitor in Arduino software. The results are 

shown. 

Figure 5-5: Piezoelectric Sensor Output Voltage 

5.4. Calculation of Charging and Discharging time of the Battery 

In ideal or theoretical case the charging and discharging time is calculated according to the 

following formula 

𝑇𝑖𝑚𝑒 =
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝐶𝑢𝑟𝑟𝑒𝑛𝑡
      (5.1)  

5.5. State of Charge of the Battery 

Figure 5-5 shows the charging level of the battery. When battery gives 12.57 volts then it 

means it is fully charged, at 80% charging it gives 12.36V. Similarly it gives 12.15V at 

60% charging, 11.94V at 40% charging and 11.73V at 20% charging. 
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Figure 5-6: State of Charge 

5.6. Specifications and Results 

 PIR Sensor Height = Approx. 4 ft. 

 Total No. of Sensors = 12 

 Minimum Voltage produced = 0.5 V 

 Maximum Voltage produced = 5 V 

 If Average Weight of Person = 50 kg 

 No. of Steps Required to increase 1V Charge in Battery = 600 steps 

 To Charge 12V Battery No. of Steps Required = 12 x 600 = 7200 steps 

5.7. Wireless Connection with NodeMCU 

For the connection of NodeMCU to Arduino IDE software to upload the code we first have 

to install the board and then its driver which is CH340 for this NodeMCU. 

In this project we are using NodeMCU to wirelessly monitor the charging of battery and 

whether it needs to be recharged or not. 

The coding was done in Arduino software. The output in serial monitor shows that Wi-Fi 

is connected to NodeMCU and it assigns an IP address to the board which when entered in 

browser will give battery status and a button. 
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Figure 5-7: Serial Monitor Output 

5.8. Displaying Battery Voltage on Server 

The IP address when entered in browser as URL will give us the battery status and a button. 

The status button below when pressed will give updated results of battery voltage and 

charging state. 

The IP address can be used both on laptop and on mobile phone. This is used to easily 

monitor charging of battery so that we can find out whether there are enough pedestrians 

on the road to charge the battery or we need to shift towards normal electricity connection 

and we can also find out if there is any fault in the connection or any component has been 

damaged. 

When we connect to server the serial monitor also shows that client is connected and when 

client is disconnected. 
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Figure 5-8: Battery Voltage displayed on phone 
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CHAPTER 6  

CONCLUSION 

6.1. Summary 

The project “Smart Street Light System Powered by Footsteps” provides a cost effective 

solution for electricity production in developing countries like Pakistan. Energy 

management will become easy due to the implementation of the automatic street light 

system. In rural areas implementing the system of energy generation by footsteps will help 

to resolve energy crisis problems faced by residents. This system will be used to power 

both AC as well as DC appliances. Better results can be obtained by implementing this 

system in crowded areas. Moreover Smart street light system will also reduce energy 

consumption. It turns the lights ON only when there are pedestrians or vehicles on the road 

otherwise lights remain OFF. 

6.2. Accomplishments 

Piezoelectric sensors are used to generate electric energy from the pressure applied by 

footsteps of pedestrians and this energy is stored into the battery. Hence, Street lights are 

powered by the energy generated by footsteps so there is no need to power street lights 

separately. DC lights are used instead of AC lights due to which cost of DC to AC 

conversion is eliminated. Street lights are controlled automatically i.e turn the lights ON 

only when needed and remain off otherwise. This system has reduced the consumption of 

electrical energy. So the smart street light system is a better solution for faster depletion of 

energy resources due to inefficient usage and wastage of these resources. 
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CHAPTER 7  

ENHANCEMENT AND FUTURE WORK 

7.1.  Future Work 

Moving withathe newa& renewableaenergy sources,athis systemacan be upgraded 

byareplacing ordinary LEDamodulesawith the solar basedaLED modules. With utilizing 

thealatest technologyaand advanceasensors, we couldaserve the sameapurpose of 

automaticallyacontrolling the streetalights much moreaeffectively bothaby costaand 

manpower.aThe mainaobjective ofathe projectais to saveathe energy,aand byadoing so 

weawould beaable toalighten fewamoreahouses.aThis modelacould beaimplemented with 

fewamodifications asaa source ofarevenue; as chargingastation for batteryaoperated 

vehicles [11]. 

This systemacan also beaenhancedabyausingainternetaof things technology.aThe Internet 

ofaThings (IoT)ais a systemaof relatedacomputing devices,adigital andamechanical 

machines,aobjects, peopleawith unique identifiersaand potential transferaof data over a 

networkawithout human-to-humanaor human-to-computerainteraction.aPhysical objects 

thoseaare no longer disconnectedafrom the virtualaworld, but can beacontrolled remotely 

throughaInternet services. 

7.2.  Solar based LED module 

LED lights areaused due to theirahigh luminous efficiencyaand long life. Underathe 

controlaof a DC chargeacontroller, non-contactacontrol automaticallyaturns on the light 

atadark and switchesaoff at daytime. Itasometimes alsoacombines with timeacontrollers to 

setacurtain time for it toaautomatically switch lightaon and off. Thesealights provide a 

convenientaand cost-effectiveaway to light streetsaat night withoutathe need of AC 

electricalagrids for pedestriansaand drivers.aThey mayahave individualapanels for each 

lampaof a system,aor mayahave a largeacentral solarapanel and batteryabank to power 

multiplealamps [12]. 
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Figure 7-1: LED street light [12] 

 

7.3. IoT basedaenergyamonitoring system 

The Internetaof Things hasaa vision inawhich the internetaextends into theareal world, 

whichaincorporates everydayaobjects. The IoTaallows objects to beasensed oracontrolled 

remotely over existinganetwork structure, creating opportunities forapure combination of 

the physicalaworld into computer-basedasystems, and resulting in better productivity, 

precision and financial advantage in additionato less human involvement. This 

technologyahas many uses like Solar cities,aSmart villages,aMicro grids andaSolar Street 

lights andaso on. As Renewable energy raised at a rateafaster than anyaother time in 

historyaduring this era. The suggested system bring up the online presentation of the power 

usageaof solar energyaas a renewableaenergy. This monitoringais done through 

raspberryapi using flaskaframework. Smart Monitoring displays regular practice of 

renewable energy. This helps the operator to examine of energy usage. Analysis influences 

on the renewableaenergy usage and electricity concerns [13]. 
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Figure 7-2 : IoT based Energy Monitoring System [7] 

 

7.4. IoT basedaSmart Street LightaManagement System 

The purpose of the streetlight controlling system by means of IOT is the preservation of 

energy by decreasing electricity consumption as well as to lessen the manpower. 

Streetlights are fundamental portion of any city because it helps improved night 

visualizations, safe roads, and disclosure to public zones but it ingests a relatively large 

amount of electrical energy. In the labor-intensive streetlight scheme lights remain on from 

sunset to sunrise with full power even when there is enough light accessible. This energy 

waste can be evaded by switching off lights inevitably. The hold back energy can be 

competently consumed for other tenacities like domestic, profit-making, conveyance etc. 

This can be attained using an IOT supported streetlight controlling system. The project 

utilizes LEDs which do not ingest an huge quantity of electricity to exchange the energy 

consuming outdated HID lamps. LEDs alongside the LDR enables the amount deviation 

which isainfeasible with HID lamps. Since LEDs are reversing light bases it can radiate 

light in particular way thereby enhancing the effectiveness of the street lights. This method 

contains an supplementary DHT Temperature-Humidity measuring device. This delivers 

the precise temperature and humidity of a specific area. DHT11 is a compound measuring 
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device that comprises of a standardized ordinal signal production of the temperature and 

humidity. It confirms high consistency and outstanding long-term constancy. This project 

is executed using a programmedaArduino board for giving the essential amount of light at 

numerous times. The anticipated work has conquered an improved performance relative to 

the present system.[14] 

 

 

Figure 7-3 : IoT based Smart Street Light System [14] 

 

7.5. Zigbee supported Automatic Street Light System 

The main purpose is to make available remote-control system that can optimize 

management and efficiency of street lightasystems. It usesaZigbee-basedawireless 

devicesawhich support more effective street Lamp systemamanagement. It uses aasensor 

combinationato controlaand guaranteeathe preferred system factors; the informationais 

Transferredapoint byapoint usingaZigbee transmitters andareceivers andais sent to a 

controlaterminal usedato checkathe state ofathe streetalamps andato takeaappropriate 

measuresain case ofafailure. 

An XBeeadevice canabe configuredaas one of theafollowing:  
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Coordinator – Createsaa PAN1aand allowsaother devicesato join theanetwork. It is 

responsibleafor routingadata and maintaininganetwork security.aEach PANacan 

haveaonly one coordinatorathat selectsaa unique PANaID and channelato operate aon. 

Router – Allowsaother routersaand end devicesato joinathe PAN.aIt may alsoaassist in 

routingadata.  

End-Device – Mustaassociate itselfawith a ZigBeeaPAN before itacan transmitaor 

receiveadata. It cannotaroute anyadata andamust alwaysacommunicate withathe rest of 

PANathrough itsaparent. 

In the proposedadesign, each streetalight has anaXBee2 moduleaattached to its 

microcontrollerafor transmittingaand receiving controlasignals. The nodes (lights)aon a 

road areadivided into clustersaeach consistingaof routers andaend devices.aFor example, 

aacluster formedaunder Routera1 is shown inaFigure.   

 

 

Figure 7-4: The Mesh Network [37] 

As a vehicleamoves along thearoad, entire clustersarespond byaadjusting their 

brightnessaas opposedato controllingaindividual lights.aHence, thisamakes the 

implementationaof network easierabecause only a singleacontrol signalamust be sent 

toahead of theacluster which inaturn forwards itato all the devicesain the cluster.aThe 

cluster sizeais flexible andamay contain anyanumber of devicesathat have joinedathe PAN.   
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As shownain Figure, theaXBee modulesaare connectedain a mesh networkatopology to 

provideaalternate routesafor data packetsain case of anyanode failure. 

The ZigBeeastandard offersasecurity byaencrypting applicationadata packets usinga128-

bit AES3aencryption and aanetwork keyachosen by theacoordinator. Theacoordinator 

alsoaacts as a trustacenter that isaresponsible foraauthenticating devicesathat join the 

network. 
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APPENDIX-A 

CODE FOR PIR SENSOR 

int lamp = 8; // choose the pin for the RELAY 

int inputPin = 4; // choose the input pin (for PIR sensor) 

int val = 0; // variable for reading the pin status 

 

void setup() { 

pinMode(lamp, OUTPUT); // declare lamp as output 

pinMode(inputPin, INPUT); // declare sensor as input 

Serial.begin(9600); 

} 

void loop(){ 

val = digitalRead(inputPin); // read input value 

Serial.println(val); 

if( val== 1) { 

digitalWrite(lamp,HIGH); // turn ON the lamp 

} else { 

digitalWrite(lamp,LOW); // turn OFF the lamp 

} 

} 
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CODE FOR PIEZOELECTRIC SENSOR 

const int PIEZO_PIN = A0; // Piezo output 

 

void setup()  

{Serial.begin(9600); 

} 

void loop() { 

// Read Piezo ADC value in, and convert it to a voltage 

int piezoADC = analogRead(PIEZO_PIN); 

float piezoV = piezoADC / 1023.0 * 5.0; 

Serial.println(piezoV); // Print the voltage. 

delay(250); 

} 

CODE FOR 2 PIR SENSORS 

//Detects motion and count no. of people or vehicles detected 

int ledPin = 13;                // choose the pin for the LED or pin to which bulb is connected 

int inputPin2 = 4;               // choose the input pin (for PIR sensor) 

int inputPin3 = 3;               // choose the input pin (for PIR sensor) 

int pirState = LOW;             // we start, assuming no motion detected 

int val2 = 0;                    // variable for reading the pin status 

int val3 = 0;                    // variable for reading the pin status 

int count = 0;  

void setup() { 

  pinMode(ledPin, OUTPUT);      // declare LED as output 
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  pinMode(inputPin2, INPUT);     // declare sensor as input 

  pinMode(inputPin3, INPUT);     // declare sensor as input   

  Serial.begin(9600); 

} 

void loop(){ 

  val2 = digitalRead(inputPin2);  // read input value 

  val3 = digitalRead(inputPin3);  // read input value 

  if (val2 == HIGH) {            // check if the input is HIGH 

    digitalWrite(ledPin, HIGH);  // turn LED ON 

    if (pirState == LOW) { 

      // we have just turned on 

      Serial.println("Motion detected!"); 

      // We only want to print on the output change, not state 

      pirState = HIGH; 

      count++; 

      count=count++ ; 

      Serial.print("No. of people passing by: "); 

      Serial.println(count); 

    } 

  }  

  else if (val3 == HIGH) {            // check if the input is HIGH 

    digitalWrite(ledPin, HIGH);  // turn LED ON 

    if (pirState == LOW) { 

      // we have just turned on 
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      Serial.println("pin 3 Motion detected!"); 

      // We only want to print on the output change, not state 

      pirState = HIGH; 

    }}   

  else { 

    digitalWrite(ledPin, LOW); // turn LED OFF 

    if (pirState == HIGH){ 

      // we have just turned of 

      Serial.println("Motion ended!"); 

      // We only want to print on the output change, not state 

      pirState = LOW; 

    } 

  } 

} 

CODE FOR WIFI CONNECTION TO NODEMCU 

#include <ESP8266WiFi.h> 

 

const char *ssid =  "EVO-Charji-FA5B";     // replace with your wifi ssid and wpa2 key 

const char *pass =  "Q2G25mHk"; 

 

WiFiClient client; 

  

void setup()  

{ 
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       Serial.begin(115200); 

       delay(10000); 

                

       Serial.println("Connecting to "); 

       Serial.println(ssid);  

       WiFi.begin(ssid, pass);  

       while (WiFi.status() != WL_CONNECTED)  

          { 

            delay(500); 

            Serial.print("."); 

          } 

      Serial.println(""); 

      Serial.println("WiFi connected");  

} 

void loop()  

{       

  } 

CODE FOR BATTERY VOLTAGE MONITOR USING NODEMCU 

#include <ESP8266WiFi.h> 

  

const char* ssid = "EVO-Charji-FA5B"; 

const char* password = "Q2G25mHk"; 

  

int BAT= A0;              //Analog channel A0 as used to measure battery voltage 
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float RatioFactor=2.49;  //Resistors Ration FActor 

WiFiServer server(80); 

  

void setup() { 

  Serial.begin(115200); 

  delay(10000); 

  Serial.print("Connecting to "); 

  Serial.println(ssid); 

  WiFi.begin(ssid, password); 

  

  while (WiFi.status() != WL_CONNECTED) { 

    delay(500); 

    Serial.print("."); 

  } 

  Serial.println(""); 

  Serial.println("WiFi connected"); 

  server.begin(); // Start the server 

  Serial.println("Server started"); 

  // Print the IP address on serial monitor 

  Serial.print("Use this URL to connect: "); 

  Serial.print("http://");    //URL IP to be typed in mobile/desktop browser 

  Serial.print(WiFi.localIP()); 

  Serial.println("/"); 

} 
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void loop() { 

  int value = LOW; 

  float Tvoltage=0.0; 

  float Vvalue=0.0,Rvalue=0.0; 

   

  // Check if a client has connected 

  WiFiClient client = server.available(); 

  if (!client) { 

    return; 

  } 

   

  // Wait until the client sends some data 

  Serial.println("new client"); 

  while(!client.available()){ 

    delay(1); 

  } 

  

  // Read the first line of the request 

  String request = client.readStringUntil('\r'); 

  Serial.println(request); 

  client.flush(); 

 

  // Match the request 
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  if (request.indexOf("/bat=ON") != -1)  { 

    /////////////////////////////////////Battery Voltage//////////////////////////////////   

  for(unsigned int i=0;i<10;i++){ 

  Vvalue=Vvalue+analogRead(BAT);         //Read analog Voltage 

  delay(5);                              //ADC stable 

  } 

  Vvalue=(float)Vvalue/10.0;            //Find average of 10 values 

  Rvalue=(float)(Vvalue/1024.0)*5;      //Convert Voltage in 5v factor 

  Tvoltage=Rvalue*RatioFactor;          //Find original voltage by multiplying with factor 

    /////////////////////////////////////Battery Voltage////////////////////////////////// 

    value = HIGH; 

  } 

  // Return the response 

  client.println("HTTP/1.1 200 OK"); 

  client.println("Content-Type: text/html"); 

  client.println(""); //  do not forget this one 

  client.println("<!DOCTYPE HTML>"); 

  client.println("<html>"); 

  client.println("Battery Voltage ="); 

  client.print(Tvoltage); 

  client.println("<br>"); 

 

  if(value == HIGH) { 
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    client.println("Updated"); 

  } else { 

    client.print("Not Updated"); 

  } 

  client.println("--------"); 

  if(Tvoltage<=5){ 

    client.println("Battery dead OR disconnected"); 

    } 

  else if(Tvoltage>5 && Tvoltage<=10){ 

    client.println("Need Imediate recharge"); 

    } 

  else if(Tvoltage>10 && Tvoltage<=12){ 

    client.println("Recharge"); 

    } 

  else{ 

      client.println("Battery Full"); 

      }    

  client.println("<br><br>"); 

  client.println("<a href=\"/bat=ON\"\"><button>Status</button></a><br />");   

  client.println("</html>"); 

  delay(1); 

  Serial.println("Client disonnected"); 

  Serial.println(""); 

}  
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CODE FOR ANDROID APP 

package com.example.smartstreetlightsystem; 

 

import android.support.v7.app.AppCompatActivity; 

import android.os.Bundle; 

import android.util.Log; 

import android.view.View; 

import android.widget.Button; 

import android.widget.TextView; 

 

import com.google.firebase.database.DataSnapshot; 

import com.google.firebase.database.DatabaseError; 

import com.google.firebase.database.DatabaseReference; 

import com.google.firebase.database.FirebaseDatabase; 

import com.google.firebase.database.ValueEventListener; 

 

public class MainActivity extends AppCompatActivity { 

    FirebaseDatabase database = FirebaseDatabase.getInstance(); 

    DatabaseReference myRef = database.getReference(); 

 

    final DatabaseReference Bulbstatus1 = myRef.child("Bulb_1").child("status"); 

 

    final DatabaseReference Bulbstatus2 = myRef.child("Bulb_2").child("status"); 

 

    final DatabaseReference Bulbstatus3 = myRef.child("Bulb_3").child("status"); 

 

    Button b1; 

    Button b2; 

    TextView textView1; 

    TextView textView2; 

    @Override 
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    protected void onCreate(Bundle savedInstanceState) { 

        super.onCreate(savedInstanceState); 

        setContentView(R.layout.activity_main); 

        b1 = (Button)findViewById(R.id.button1); 

        b2 = (Button)findViewById(R.id.button2); 

 

        textView1 = (TextView)findViewById(R.id.textView1); 

        textView2 = (TextView)findViewById(R.id.textView2); 

        //updateText(ledstatus1,textView1); 

 

        Bulbstatus1.addValueEventListener(new ValueEventListener() { 

            @Override 

            public void onDataChange(DataSnapshot dataSnapshot) { 

                // This method is called once with the initial value and again 

                // whenever data at this location is updated. 

                String value = dataSnapshot.getValue(String.class); 

                Log.d("file", "Value is: " + value); 

                textView1.setText(value); 

 

            } 

 

            @Override 

            public void onCancelled(DatabaseError error) { 

                // Failed to read value 

                Log.w("file", "Failed to read value.", error.toException()); 

            } 

        }); 

 

        b1.setOnClickListener(new View.OnClickListener() { 

            @Override 

            public void onClick(View view) { 
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                Bulbstatus1.setValue("ON"); 

            } 

        }); 

 

        b2.setOnClickListener(new View.OnClickListener() { 

            @Override 

            public void onClick(View view) { 

                Bulbstatus1.setValue("OFF"); 

            } 

        }); 

 

 

 

    } 

} 
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APPENDIX-B 

BUDGET 

Project Hardware Price in Rupees Price in US Dollars 

PIR Sensors 3x160=480 3.17 

Piezoelectric Sensors 22x50=1100 7.26 

Tile 1200 7.92 

DMM 1400 9.24 

Transformer 150 0.99 

Battery 1350 8.91 

Arduino uno 700 4.62 

Bulbs 3x80=240 1.58 

Acrylic Sheet Box 2500 16.51 

Probe 250 1.65 

Male to Female connector 

wires 

180 1.19 

Relay Module 250 1.65 

Reed Relay 150 0.99 

Copper Board 150 0.99 

DC Pins 2x20=40 0.26 

ESP8266 650 4.29 

NodeMcu 700 4.62 

Soldering Iron Bit 120 0.79 

Soldering Iron 350 2.31 



88 

 

Rectifier 2x10=20 0.13 

Paint 300 1.98 

Pipe 2x100=200 1.32 

Total 12,480 82.40 
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APPENDIX-C 

LIST OF ABBREVIATIONS 

LED    Light Emitting Diode 

PIR    Passive Infrared 

AC    Alternating Current 

DC    Direct Current 

USB    Universal Serial Bus 

PCB    Printed Circuit Board 

CFL    Compact Fluorescent Lamp 

LDR    Light Dependent Resistor 

IR    Infrared 

HVAC    Heating Ventilation and Air Conditioning 

DMM    Digital Multi-Meter 

ICT    Information and Communication Technology 

IOT    Internet of Things 

SSL    Secure Sockets Layer 

HID    High Intensity Discharge     

AES    Advanced Encryption Standard 

PAN    Permanent Account Number 
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