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ABSTRACT

Nowadays citiesare more expanded @d more population so the amount of waste
generates in the citiesre ircreased day bylay. Solid WasteManagemen{SWM) is
importantnecessityfor the environmentaproblemand sustainable development in many
countries One of thegreatestworries with ar environment has been solid weas
management which in mixinthe dustbin the pollution of the environment haadverse
also solid wase managemeneffective public healthand brings many disease which

causingpoorhealthto thesocietyin the city of Silaimany

Currenttechnologies in angystemso tosolve the problemsve need to focus ounsing
smart waste monit;ng andmanagement collectimit would be more reasonable to collect
them ony when they are fullSo, introducinga revolutionaryservice ttat combines waste
monitoringand wastecollectionto save time, moey and environment is essentidere,
using Arduino Mega and Arduino o, GSM/GPRS networwith SIM for send message
to the mobile phonedriver Truck from the Centre SystemRadio frequeng (RF)
transmitter/receiver send data to theCentre and showgraphic liquid crystal display
(GLCD) for display informationSmartwirelessultrasonicsensorsneasuremerneattime
fill level data from waste containe bins and forecast the ideal timend route for
empying eachcontainerwould be used as solutionsuits for municipal wasteodection
The system consists five subsystem&mart Trash binLocal Station Smart Monitoring
and Controlling Smart Vehicle Smart Monitoring and Controllinginterface The
recommend System would be talented to applied monitoring and collection waste
management in thaty.

Keywords: Smart city serviceSmart Trash binLocal Station;Smart Monitoring and
Controlling; Smart Vehicle; SmarMonitoring and Contriting Interface; mobile;
GSM/GPRS; Arduino
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CHAPTER 1

INTRODUCTION

The introductioncovers anoverview about theusual smart city service monitoring and

waste collection an8mart City Concepibutline and aim of the thesis.

Currently theMunicipal Solid Waste (MSWwaste as one of theaim urban lifestyle
(MSW) materials. The annual solid wasteaisout 1.3 billiontonnes and it seems that tis
capacitywill raise to 4.3 billion tonnes by the year of 2025, which will cod@¥ of the
general population worldwide (Hoornweg and Bhddda, 2012) Thus, placing huge
pressure on city infrastructures (housing, water, transportation, power,tarskmiices,
waste collection) (Mishra, 2013). Whichamy of them require enormous redesign and
capital expenditureth addition, he mananng the waset collectionprocessess one of the
mostcomplicated tasks therural habitatbecause thamounts of solid wastes generated
by residential and commerdciaidustrial site are hugés the examples of wastra turn
out to be more expanand the aggregat@mountof waste expands, the coordinatioh

accumulation turn out to be more minds boggling.

Furthermore, ranagers of collection systems need klsalge and treat the community
concerns in terms of bill payment, increase in oil prices and employmerdas(&jad,
Abduli, 2007) The budget spent on management of solid wagteh is equivalent to 50
70% is used for thevastecollection.Due to the high amount spent on collectionly a
low amount is left for the amelioration of the collection operatwimch maydisturb an
importantamount keptn the complete system cost. We use smart waste collesytgiam
for reducing the cost of the collectias well as lessmesconsumingfor collection waste
in the city (Tchobanoglous and Kreith, 2008imilarly, waste colletion by using smart
assemly, reduces the traff jam and protects both publenvironment angbublic health
Wastecollection by using new technologyich asRadio frequencyRF) transmitter,and
sensors ultrasonic with GSM/GPRS well asArduino mega and Arduino Unaffer a
new way to optimize the waste management systémsecent years, mvironmental
problemsare in the worldwide focus point; during the past two decadesple are
becoming more and more increasiognscious of varietyof problemsthat affect our

environment such agobal warming, acid rain, pollutn in air, water etc.



In the twentieth century, due tbe industrial revolution and technology development,
comnsumption patterns of the people all over the globe have eldaffpese due to the huge
quantities of different types of solid wastes are produewegry day which createan
alarming problem of their disposdlherefore, aeffectiveway is required focollection of
solid waste and utilization of solid waste rattfean concentrating on disposal alone. Thus,
solid waste management includes management of activities redagederag, to store to
collect, to displaceand to transport,to reuse ando recyck, to process ando dispo®,
which should be environmenialcompatible, accepting to the principles of economy,
aesthetics, and energy conservatiAncordingly, usingsmart bins or smaxtontainersn

the smart city operations become more effective, each bitomainers instalsensor
ultrasonic with ArduinoUno and Radio frequencyRF) transmitteitop of the containers
with little power for work the ArduinoHence when containersare full of trashit send

signal to the entre and show level trash of containers and send messagevéhities.

The project Wil allow the management of services for collection of wastenamwmitoring
binsin a trustworthy and fast mannelt will typically sustairthe newstrongmanaging of
the collection services togieer for the managers and citizenDependable an¢hstant
piece of knowledge on the amount of wasteght enable an efficient timetable
management and allow a well route planning forabkection trucks which are generally

arranged randomly (Gnost al, 2013).

1.1Smart City Concept

In 2012, the percentage thfe population in the city significantly passed the percentage of
the population in the countryside. It is estimated the amount of people living in urban
surroundings would exceed 70% by 2050. From 12806, small cities have seen a net
increase of 1.3 bBion people, the population of mediusized cities or largsized cities
(Tchobanoglous and Keith, 2012).

People move to city areas with the hope of finding better job opportunities as well as a
better standard of living. However, the increasing numbpeople migrating to city areas

leads to complex issues, such as congestion, increased request for a limited pool of natural
as well as other resources including energy, water, sanitation, education, healthcare
services, environment issues and pollutiand increasing soiled waste with all other types

of waste.



Moreover, Information and Communication Technologies (ICTs) can supply added
globally friendly and more monetarily feasible solutions to some of the aforementioned
problems faced in cities. Forstance, nowadays, ICTs' character in tackling environmental
issues has not been completely identified, Potential parts where ICTs can support contain
management of water sources, energy efficiency, and solid waste management, public
transport substructuréecreasing traffic congestion, growth of ICT substructure and
management its environmental impact with situation linked to electromagnetic field
(EMF), visual aspects and air quality monitoring. So, in light of the growing economic and
environmental problas in urban areas (because of increased rural to city migration), the
practical analyses to the major aspects of smart services is the perspective of academics
(Evans, 2011). Concrete definition of smart sustainable cities which could be used
worldwide, ths would also provide a base for understanding the most common features of

smart sustainable cities.

1.2 Aims of the Thesis

The aim of thisthesisis to developsmart city service (monitoring and waste collection)
This prototypeprovides a higher quality sgce to the citizens. Thuan approach to smart
waste collection is capabtd improvingand optimiing the handling of solid urban waste.
So, or the system monitoring thetatus ofsolid waste bis instantly and waste collection

get smarter city servec

1 Decrease the amount of money spentioneeded items such dise bins and vehicles
Reinforce recycling and decrease thavironmeral effect of health and waste
collection.

1 Find out the profit of the employees collecting the waste.

1 Increasing green spge, makes good public health, aeduces the traffiam. As well,
as educegshe crowd of thesity.

1 Reduced firgisk and providesafety life



1.3The Important of the Thesis

Nowadays,many creativities and researebout astute citiesere coducted by large
enterprises andrganizations. This thesisas the purpose to render ttiges more keenly
attractiveandin this way, to raise the population with a limited resource availability used
efficiently. Perspicaciousity projectsare based odata collection and saving from cities
Data on pollution, environmental protectignconsumptionof electricity and public
infrastructureare included in this type of informatioRor Astute Cities data collection
tools are of great importancBowadays sensual systemasith wireless communication
and data collection systems use the network characteristics in order to collect data about
different cities and for denizens. ddile contrivancesplay different roles like
perspicacious mobile devices which aegreat consequentiality abey are able to
accommodate as sensing contrivargesvell as bein@dditionally distributedata to the
users through mobile applicatiorihe collected data from the cities should be processes
in order to contribute towarda better planning as well as providing support to the
services in the city fothe denizengnd municipalities. For instancemart city service

for monitoring and waste collection help thisSmart City servicesould be usedin
different featuresncluding the management ofagec, power, wasteas well as waste
monitoring and processing etc. This thesis concentrates osmart city services,

S p e c i manitoting waste and waste collection, the systemmbination of real time
date used of mformation and communication technology using few cost.nvolves
hardware to make smart city service for monitoring and solid waste collection
management so takeRealTime Monitoring and Smart Design of Daily Collection

Processes



1.4Thesis Structure
The wholethesisare divideinto Five Chapters and organized as following

Chapter Oneintroductionaboutsmart City Concept,ims of the thesiand aerview.

Chapter Two gives a summary of the general study that was conducted in this research.
First of all, an overview on smart cisieservices provided in cities and the smart city
model is given. It contains some background information about smart cities; Purposes and
Goal Strategic Planning for Smart City and Operationalizing Smart City; Waste Generation
and Management in a Techngical Society and Waste Collection Problems; Health
Impact s and Public Health with Solid Waste

related issues in smart cities service.

Chapter Three discusses Methodologf@verview,Research DesigrGeneral Schema of

the design, State of the Art Studyesign and ImplementationSmart City Services for
Smart Waste Collection and Proof of Concepgsign and Architecturel.imitations,
Advantage of Smart Waste Management Collection, Deployment Based on Actual Needs,
Cost Less and Resource OptimizatiBefrieve Enviromental Well and Quality Being of
Citizens, Solutionsdé Additional BerBmdrti t s,
Vehicles, Solutions for Public Administratio@jty Service Managerfecycling Trouble
Shooter, Mobile Technology System ArchiteetuWireless Sensor Network Architecture,
System Operations Flow Chat and lllustrati@tarted with the Arduino GSM Shield
Connect to the Centre Bored, Using the GSM Shield with, Arduino Uno and Arduino
Mega, Ultrasonic SensorArduino, LCD Displays,Radib frequency RF) Transmitter and

Receiver Modules with Arduino.

Chapter Four gives a brief mtroductionto the chapter,aiming todesign and implement
the development afmart cityservices for monitoring smart bins, and waste collection, this

thesisincludes integration of developed real syste

The communications between t hheougls gasdivagemo s
Chosen for sensor technology from when they progressive their Smart Wasigeliana
Structure and monitoringreatTime Monitoring ad Smart Design of Daily Collection
Processesautomatically Waste Management System, Smart Trash bin, Local Station,

Smart Monitoring and Controlling, Smart Vehicle, Smart Monitoring and Controlling

5



Interface Ultrasonic sensor modules with Arduino Uno RRdtransmitter is installed top

of containers or bins then detect the fill trash inside bins. Measured data as well as sensor
information about the bins or containers and show levels the trash into bins or containers in
the Centre system and display on@L screen and also save information in the SD card

memory

Chapter Five outline the main argument of the thesisl Future work



CHAPTER 2
SMART CITY

2.1 Smart City Model

A Smart Cityis a model of city charactezed by six features, which has a forward
perspectivecand whi ch based on t hdecisives seliglianttandc onn e c
sensible citizens and institutions It must also be emphasizinghat only the current

conditions of cities can be record.the same time, the route of growth remains criticial in

the view ofsmart cities and more data should be collectedudher researcfGiffinger et

al., 2007)

Smart People

Smart Governance

Smart Mobility

Smart Living

Table 2.1 Characteristicef SmartCity

2.2 Operationalizing Smart City

The followingtable explains thsix features and factors dependent on thEnese factors

in Smart Economyare dependent oaconomic compeion factors suctasiii nnovat i on
entrepreneurship, trademarks, productivity and flexibility of the labour market as well as in

t he i nt er naQualficatooh or edacatiore levels only cannot desci$reat

Peoplebut thesocial qualities play an important roemart Governancequires a strong

7



political contribution, provision of services to the population as well asirastrative
operativefacilities. Regioral andworldwide servicabilityare significantontents in Smart
Mobility, which also encompasses the facility of accessing the data and communication
together with high quality and sustainable transportatenartEnvironment is defined by
attractive natural conditions (climate, green space etc.), pollution, resource administration
and also by efforts towards environmental protection. Finally, Smart Lemhgnces the

quality of life in terms okafety, dvilization, tourism, medical conditions, accommodation,

and many more aspects (Giffingsral, 2007).

SMART ECONOMY
(Competitiveness)

SMART PEOPLE
(Social and Human Capital)

Innovative spirit
Entrepreneurship
Economic image & trademarks

Level of qualification
Affinity to life long learning
Social and ethnic plurality

Productivity Flexibility

Flexibility of labour market Creativity

International embeddedness Cosmopolitanism/ Open-
Ability to transform mindedness

Participation in public life

SMART GOVERNANCE
(Participation)

SMART MOBILITY
(Transport and ICT)

Participation in decision-making
Public and social services
Transparent governance
Political strategies &
perspectives

Local accessibility
(Inter-)national accessibility
Availability of ICT-infrastructure
Sustainable, innovative and safe
transport systems

SMART EMVIRONMENT
(Natural resources)

SMART LIVING
(Quality of life)

Attractivity of natural
conditions

Pollution

Environmental protection
Sustainable resource
management

Cultural facilities
Health conditions
Individual safety
Housing quality
Education facilities
Touristic attractivity
Social cohesion

Table 22: Characteristicand Factoref SmartCity




2.3 Background

The smart city service includesersors distance measurement fperceiving
environmenally and involved sensors for city condition® support communty,
community resources @ well asborough processewithin an educational method’he
thesis structures combine adirent technologies shicas Mobile phone Prevalent
computing and ultrasonic Sensor Networks (USN). Radio frequency (RF)
transmitter/receiver GSM/GPRS and Arduieeerywherecomputing and communication
technology. Withcomputes that can process data amdormation, products will adopt
smartfeatures and abilities. This may also incladectronic cheacteristics that will athw

the products to be controllifgpm a certain distance and contain sensors in order to detect
the alterations in the surroundind®dith the commencement of Internet of Things (loT),
daily used objects and devices will easily connecdtlifterent networks, e Internet of
Things structurewill contribute to the development of the network after thebile and
internet network¢Evans,2011)

Majority of people lives in Smart cities and this amount seems to increase more. Excessive
number of population cities raisthe difficulty in terms of citytransportationpower,
drinkable water, waste collection structures asdmmunity places.Therefore, these
problems will have to be solved irbas m geffettiée and sustainahlbut at the same time

it should contribute to the state wealth and commuhdppiness It can be achieved
through mobilisation of theresourcesn a city and organiation of the city in terms of
using modern techtagies anchew policies (Manville et al., 2014).

Furthermore, the wor |l dodtsincease sobys2058enpmberat i on
of city inhabitantswill increase by around sixtsnillion per yearDue to the fact that the

world turns out to bemunicipal, a necessity of turning cities into smart cities arises to
tackle the environmental problems (Mishra, 2013). Moreoverformation and
comnunications technology (ICT) plays an important role in ewgring influence within

urban areas thandle thiskindotl i f f i c ul t iveag Inthis thesisaGmanCityt 0

can be defined as a city which is less creative. At the same, time it provides the cities with
smartorganisation and management toolsgiville et al., 2014). Thushé main cause for

growth of Smart Cities is theequirement in order to develdpe excellence of services

from city or statactivities to city populations. Currently, mapyojects for the creation of

smat cities



24 Purposes and Goal

This thesis aims tonake our city service smarter andmp r o v e dnVirenmentsot y 0 s
this projecthelps todevelop smart waste magement systems and monitorinigs which
therefore help toaduce cost, traffic jam, pollutiog increasingas well as creatingreen

space animprovepubic healthand cleaner air.

2.5 Strategic Planning for Smart City

smartand Intelligent city strategy and planning methods are available in various ways as
well asgrowth efforts,implemented on various balkees together with realms, including
part createdstrategies, districstrategies, agglomeration of several centres and parts, and
holistic/unity plansPlans include improvement oities at different steps of improvement,

i.e., in transforming and in impwved cities Various municipalities aim foBmart Cities

which will utilize internationacommunication networksyide wireless senssrand smart
systems folorganisatios in order to find solutions for the current and future problems as
well as providingdifferent services. Smart City officials wilheedvisionary leadership

who drive Smart City improvemerdnd require partner businesses to fund different
projects for the creation of smart cities and to create more employment and active national
economiedby bringing in innovation to the cityThey establish official approaches and
programs funded by government activities or developing creativities made by individuals,
community groups, and citizensKkgmninos et al, 2014. Developing a holistic
methodolog may be achieved bylassifying andimplementing powerfubktrategiesand

the requirements for smacities. In short,no short planning of policy making way is
available but solutions can be found based on the government and community
requirements and bgdts. Neerthelessthe preparation processes should be reconsider as
the collective effortssolving the problems of the city and policies promoting the utilization

of OCTs and intelligent technologies may be more complex, leading to other problems
(Hodgkinson, 2011)

2.6 Waste Generation and Management in a Technological of Society

Factually, waste managinfunctions in the engineering field. It developed with the
development of technology buy led to the challenge of getting rid of the waste materials

The flow of materials in a technological society and the resuliiagte generation are
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illustratesschematically Wastes are producézough the mining and manufacture of raw
materials, such as the tailings from a mine or the discarded husks from &ldoAfter

the stage of eliminatingaw mateials, more wasteare obtained due to the production and
consumption carried olty the community by using the mentioneadw materialsSo the

most efficient method to create a better solution for this challsnigedecrease the waste
produced. Nevertheless, people carry out more consumption in line with the life standards
that they would like to increas€onsequentlynew better ways for disposal whstes are
researchedMoreover, the wastes are generallykkd to the use of land and area space
(Tchobanoglous and Kréit 2012)

2.7 Waste Collection Problems

The oldstyle collection methods ofvasteused to be sufficient in cities but as there was a
significant increase in the amount of produced waste dtieetencreasing population in
cities, these methods turned out to be insufficighie problems included the filling of
reports, timetable, billing which led to the unstable waste collection actiyjirebably
due tothe uncompletevastewhen it was suppsed to be collectedr probablydue to the
irregularities in collectinghe waste). These encountered issues led to the development of
other methods of collectiorsuch as smart waste managemaeuitection to solve the
problems and reduce times and aastollection(Hoornwveg and Bhadd ata, 2012).
Although, as smart wast management collection is completedgnart, does not need
manual powerand allows a better working environment andsitalso muchquicker.
However, it needs a larger budget and thatvigy it may be a problem for different

countries with smaller budgets.

2.8 Health Impacts

Among the entire possible hazards originating from the solid wastes, the main teazard
the human health,ephending upon the category and characteristic of thé waiste, the

health risk malge of short term or long term. The adrased solid waste may cause
spontaneous fire during warmer seasors. addition, drring monsoon, rapid
decomposition may cause odorous gases and may become breeding ground for various
inseds. Furthermore, e domestic and municipal solid waste may be propadgated in

order to reduce all feasible hazards. The solid wastes when sepamatesbrted out, into

11



degradable and nestegradable, either at the source or during dumping, furdierces the

risk of hazards and enhances the reuse or recycling process.

So, he main concern of the industrial solid waste is that the rain washings and leaching
through solid wastes contamteawater resources. On the basis of nature and origin of
industial solid wastes, the ratio of organic and fayganic substances varies. The organic
materials are more degradable and become vehicle for the spread amdixirigrof the

more objectionable and hazardous components, even though present in smallés.alnoun
detailed discussion on the gaseous and fluid materials, which may cause hazard and
toxicity, is beyond the scope of this text. However, some of the gaseous and liquid
contributing items are very common in association with solid waste. The conaantrti

such items, of coursejay differ according torigin andcharacteristicef the solid waste.
Volatile compounds, e.g., ammonia, hydrogemphide and similar derivatives, acids of
lower molecular weight, low molecular weight hydrocarbons, estaerd, ethers are
detectable along with oxides of nitrogen and sulphur. The domestic, cattle farm house and
agro farmhouse wastes contribute gases similar to that of biogas, while dairy,
slaughterhouse, and tannery give out different odorous and foul gasearyaig
composition and concentration.

In addition, he microbial degradation of animal tissussisesmany different types of
compounds of sulphur and nitrogen. The insecticides and pesticides are usually solids and
their residues, contaminated in thelidowaste of different resources contribute
significantly to pollution in ecosystem. The above compounds may belong to chlorinated
hydrocarbons, aromatic derivatives, furans, sulphur and phosphorous products. They have
different melting points and mostipsoluble in water, and exert high vapour pressure but
have characteristic smell. In very low concentration, these compounds permeate the
ambient atmosphere. Usually they react with skin and fine membranes of humans that
cause irritation of the eyes and peatory systems. These compounds get absorbed
through different routes into the animal and human bodies and have very quick and strong
reactions on the nervous systems and the ganglion nodes, affect the reflexes, cause nausea,
vomiting, and headache, raesory, intestinal and skin problems. Longer espres to

other foul gases i.NH3, H2S, etc., cause similar reaction to human beings. Dizziness,
headache and breathing problems are very common. On longer exposure, the human being
gets used to the samadacommon reflex mechanisms, becomes prone to more acute and

chronic deformity and carcinogenic distress. Liquid effluents associated with solid wastes

12



are limited. From domestic, Livestock and municipal solid wastes usually contain 20% or
more moisture iran average. Industrial solid wastes may contain hydrocarbons. Water
either by sprinkling, quenching or flashing but mainly from rain washes the soluble and
degradable part of the solid wastes in the dumps and mixes with other water bodies.
Different saltsof lead, mercury, cadmium, nickel, chromium, and arsenic find their way
into organized water supply in the metropolis. Directly or indirectly, these find wider
access to all kinds of water bodies in suburban and rural areas. Contamination of potable
waterfor cattle and human occur and easily go undetected. The source of many of the toxic
and hazardous pollutants may be very diverse and sometimes unexpected. There may be
more than one state and chemical formulation in which any of the pollutant maynexist i
theeffluent solid, liquid or gas (Hoornweg and Bhalkta, 2012).

2.9 Public Health

In many locales, general wellbeingprries occupy the premise in termafstrong waste
administration programs, as strowgste administration would be the best wakdep up
general wellbeing. Strong waste thatnot legitimately gathered as well aganged can
produce creepy crawliegnd searching craaes, and in this manner varioggknesses
can be observedJN-Habitat carried out studiesemonstrate thah the zones with less
waste producedhe occurrence of looseness of the bowaeldintense respiratory diseases
are observed more (Lawrence and Woods, 2014)

2.10 Environmental Protection

Inadequately gathered or shamefully discarded waste can detrimexfitediyythe earth. In
low-and centre paynations, MSW regularly dumpeth low-lying ranges and land
contiguous ghettos. Absence of upheld regulations empowers conceivably irresistible
medicinal ad dangerous waste which can combine with MSW and which haNe
damaging effects for waste collectors as well athéoearth. Natural dangers incorporate
sullying of groundwater and surface water expensesaogednaterials and their ecological
effect expands, thapproximateestimationof auxiliary materials rés on theincrement
(Hoornweg and Bhad@ata, 2012
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2.11 Solid Waste Collection

Waste collecting is the accumulation of strong waste from purpose of creation (private,
modern businessyrganizationglto treatment and transfer. City strong wagéered in a

few wayssuch as

1. Houseto-HouseWaste collectors visit every different house to collect trash. The client
for the most part pays a charge for this administration.

2. Group BinsUsers convey theirash to group canisters that at settleddcuses in an

area or region. The district, or its assign, as per a set timetable, grabs MSW.

3. Control side Picldp. Citizens throw theubbish straightforwardlput of the houseas
indicated by a refuse get plan set with the nearby powers (optionaktoolnouse
gatherers not common).

4. SeltDelivered Generators convegisposalsstraightforwardly to transfer localeand
exchange stations, or procure outsider auistriators.

5. Contracted or Delegated ServiBesinesses procu@mpaniegor metropoltan office
districty who orchestrate gathering plans and accuses of clients. Regions regularly permit
private administrators and might assign gathering zones toorumgzcumulation

efficiencies (Tchobanoglous and Kreith, 2012).

2.12 Literature Review

Literaturereview takes an overview on theelevant smart waste collection as well as
monitoring literatureMore recently, cies become more poputedo with expanding the
size of the citieshuscities need tobe smarter for livingso smart services ontg such as
smart and intelligent traffic, smart aimttelligent health care, and smart waste collection
smarteducation smart living, smart energy etmount d solid waste will increase so this
impactsthe environment andollutantthe air as well ascreatehealthissues. Thereforet

is veryimportant to gtimize the collection processd managewaste solidsmarter and
more efficient.

Many studies were carried out on different ways 9did waste management, genetate
collection, & well asmonitoing, many researchersave given special guidanceon
different types of economical, technological and managehallenges for the citgolid
waste management collection time developing countries, researches have been achieved

for thesolid waste geneted ofdifferent sectors . The researchers discussed about
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2.12.1 A Wireless Sensor Network Architecture for Solid Waste Management

In numerous application fields, for example, home, industry, environment and wellbeing,
diverse Wireless Sensor Network 8N) applications have been credte take care of
administration issues with welformed executions. In this challenge, the strong waste
administration is a field whereighmethodology can be connectedl,this paper another
building design is proposadith intend to enhance the locatisrheretaking care of and
move streamlining in the waste administration process. The framework structural planning
depends on TelosB sensor hubs and makes utilization of Data Transfer Nodes (DTN)
keeping in mind the endbgl to give to a remote server the information recovered from the
refuse canisters filling estimationk addition, aremote checking arrangement haeib
actualize giving client probability to associate with the framework by utilizing a web
program. A éw exercises have been produced to give a Decision Support System (DSS) to
disentangle the finding of answers for assets association issues edniwestrong waste

managementl{onghi et al.2012)

w2 Transier Ireemet Pyl Data Trs

\D' |y @)

/

Figure 2.1: WSN Architecture
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The architecturesicomposed of three parts

1) Long range communication module

Longrangecorrespondence sheets have bgeduced beginning from the QuedteV10
GSM/GPRS modules with a specific end goal to give adaptable and dependable ease
DTNs. These modules incorporatr installed ARM processor and are programmable by

utilizing implanted Open CPU

2) Server layer

Server layer actualizes the part of middle person in the middle of clients and WSNs. The
cooperation with the lorgun correspondence moésl must be deliberdgecomposesAt

this respect, in the building design, tworaagements have been actualipe permit
information exchange in the middle of modem and server: one taking into account the
TCP/IP attachment methodology and one on SMS. The first makes wiizdita daemon,
which performs a prgrocessing of theaformation guaranteeing the consistency of them.
While the second one has been exedo give the information procurement when the
GPRS association is absent. In the established arrangeshdatis £ndto a passage hub,

which advances a HTTP gets ask for the SMS information

3) User interface
The entire framework gives two approaches to permit a client to connect with it: a
custom programming customer and a Web application. The first comprises of a
customer introduced on the client PC and has admittance to the focal DB. This
arrangement is a touch antiquated and absences of adaptability. On the other side, the
second one uses the cutting edge distributed computing and gives access through a
Web applicdon. Alluding to the sea venture, a standout amongst the most critical
prerequisites is the remote filling observing of the trash containers. Beginning from

this, the server gives the best way to the social affair (Longhi et al., 2012).
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2.12.2 A Novel Prototype and Simulation Model for Real Time Solid Waste Bin
Monitoring System

Solve to display the solid waste bin condition on real time. §ystem architecture is
designedusing wireless sensor networks chosen sensors are used to measure the status of
the bins and ZigBee and GPRS are used as communication technoldjieess

net wor king and deyadAgBee support largenetwortmtistill hagey e r  an
limitation for the smart bin use®hysically the system is designed that consistimget

main parts since the contains and bin to the control stationljpame

1. Smart bin

2. Gateway

3. Control station

The figure demonstrates that the System Architecture divides into three levels as lower,
middle and upper levels, the lower level bins and aiostsmart which are collected of a

set of sensory component. The selected sen:c
mounted underneath the contain, and bin cover and the other is in the bottom of the
contains and bin. The previous group conswtsan accelerometer, a hall result, a
temperature and an ultrasound, a humidity sensor and the latter group consists of the load
cell sensor. The middle level, the data measured by the sensors are sends to the gateway
through ZigBee and GPRS communicatimndule, which is base of IEEE 802.15.4 and
developed by ZigBee association. IEEE 802.15.4 standard is design for reliable. and
wireless networking The ZigBee association optimized the feature set. The upper level
consists of web server and data base sefMee Getaway obtains the data sent by the
lower level. It next parses the data and stores to its local database. If the GPRS
connectivity is available, it sends connection request with the server to the control station
through GPRS communication. Afteretlestablishment of connection, the control station
exists in the upper level that contains servers. A daemon development in the server is
responsible to make connection with the gateway when a connection request is arrived (Al
Mamun,et al., 2014).
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2.12.3 A Smart Waste Management with SelDescribing Objects

Waste management igery important for preserving the environmen{RFID) Radio

Fr e qu e n ccationlisdused tsd as to develop the system to manage the waste by
supplyingi ni t i al automatic identiycation of was
provide the relevant information. Organic wastes products are not recycledeand

RFID tags notattachedo it. Theportrayal of shrewd squandegpsit away in a RFID tag
physically associated to each smart waste. Using a RFID reader, the shrewd canister
peruses the RFID label connected to every -imdtirmed waste to detmine the
appropriate treatnme. In addition,the limitation UHF RFID tags is very chedmt UHF

RFID tags reader still expensigethe main goalbere are

1) ReducingvasteManufacture

2) Certifying that wastes are properly disposed

3) Reusing and Recycling disposed products

The waste management architecturecareside built around several steps.
a. Wastes descrifgn offered management system but a seHdescribing process of

each waste. Suggest to assistant digital information to every waste to cosfirtalbde

18



treatment of each item. This is a key point of this approach. In the selective sorting
processt he ki nd of a waste item is identiyed

. Component a plasti¢ bottle isi dent i yed as a pleachtsefc wast

describing waste approved digital information about its type.

Wastes identiycati on ttheehoasgserting pracess. Budt ma i n
on this comment, waste management system suggests some pervasive support for the
choosy sorting process.

Trash bag the information of the kind of wastes contained in a trash bag is crucial
number of items in th&ashbag can too be considers, the sample presented in the

next sections, some digital information about the total weight of the trash bag.

Collective container waste management exysteach collective containerelated to

an embedded computirgystem, with processes the data of the analysis of both trash
bag a gstem built on RFID technologyG{ouche and Couderc, 2013p implement
this waste sorting process

Figure 2.3: Waste Flow and {&bal Architecture of theyStem
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2.12.4 Urban Solid Waste Management Monitoring and Planning By Making Use of
Smart-M3 Platform

This related work develops, and facilitate the process of disposalidfurban wastas a
method to monitor and plan urban solid wast@anagement There should be an
interconnectionbetveen devices,data sharers and individualsSmartM3 platform

provides solutions to the problems in different aspects sudbcasipling and scalability.

Giving to the SmariM3, one or more of KPsiust be within thalevicesto be used in
smart projectsThe smartwaste collection system contains different types of KPs for the
light pole, control centre, truckandthe mobile devce of users as in the figure (Catania
and Ventura, 2014Each of them cooperates and part data complete the smaet gjpen
certain events happen. There would be challenges in an advanced system like this.

1 Wasteis collected daily or regularly in citiegvery day it would be carried out twice
which can be changed by using a conygur at

1 The kind of resources collectadeplastic, glass, paper and general waste.

1 Other wastes collected separately

1T Separate peets of tr tym&kdpragucts wor ki ng for

Architecture of smarspace divides two different parts

a. Realtime monitoring and smart design ofilglacollection operations:

Both proximity and weight sensor, located in each bin or containers, transfers the measured
values to the Raspberry Pl , Every Raspberry PI, located on a light pole, has two KPs:
Sensors Light Pol&P and Coords Light Pol&P. Every time that a Sensors Light PoleKP

or a Coords Light Pol&P perform an updatquery on the smagpace the control centre

have different goal .The Sensors Light PKI® updates the sear data within the smart
spacgCatania and Ventur2014).

b. Reattime Monitoring and Incentives for Citizens:

In agreement with the idea of intelligent usentric cities, a user has to be able to know

the measured values by the sensors in own city in agreement with his needs and interests.
Level Bins for User KP has thaskof carrying out this purpose€étania and Ventura,

2014).
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CHAPTER 3
METHODOLOGY

3.1 Methodology

This chapter will discuss the methodology utilized for the designing and the
implementatiorof a systemtogethemwith provingthis conceptsystem.

The current system has been dividingo three parts. First part has a combisgstem
planning for the solid waste collection, monitoring and management system. Second part
has software part to manage the overall information. Third pardware partncludes
GSM/GPRS Ardunio mega andArdunio Uno, Radio equency (RF) transmitter,
ultrasonic wireless sensor, GLCD, mobile phone, SIM, memory and truck. Technology
built monitoringsystem. his system has some major units, houses, waste bins, tamcks,
workstation ad some important components &SM network Parts, ultrasonic sensor
Radio Fequency(RF) transmitter sengignala brief overview of the system the structure

of plannedsystem is developedJse GSM/GPRSShield Ardunio , Radio FequencyRF
transmiter, ultrasonic wireless sensBL.CD , mobile phone , SIM , memory technologies

for Solution of existing sanitation problem and pollution environment. The ultrasonic
sensor masurement levels the bins and RF transmitter send signal to the Arduino Centre
the Software middleware. Between the hardware used for solid waste collection and
monitoring Management involves of read. Ultrasonic sensor management levels of each
bin The GL@D show the statselevel waste binswith some information The RF
transmitter sends the date for the cemmréhe Centre System Rieceiver take the signal.

The GPRS/GSM Shieldnables obtaining data from a remote device or space in order to
use aGSM mobile phone. &ield allows you to send Short Message Service, Audio, the
truck for make empty the bins when be full waste The overall capability of a server
connected to workstation that can receive the information about each component is the

essence of thisovel technology
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3.1.1 ResearchDesign

The researchdesignincludesdifferent stagesso asto completethis researchThe initial

phaseis a researchon the relevantstudieson smartcities. We designed a method for
control, the trashes in an effeaigystem in order to decrease the improperofis@lued
resources like human effort, time and cdste architecture of our design, our approach,

allows anoverviewson the servicefor smartwastecollection.Fromourthesisi dentai yed
needfor smartcity sevice, smartwastecollection.As multiple serviceswvould be required

by cities developmenbf new serviceswould be necessaryln short, this studyhasbeen
carriedoutin two parts,which arethefirst partintegratingthe real systemsanddevebping
smartsevicesfor smartwastecollectionandthe secondpartimplementingthe systemto a

S p e ccityyservicein orderto prove it. Wastemanagementollection and monitoring

trashbins.
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3.11.1General Schemaof the design

This designdemonstratethe key itemsincludedin the Scheme the way of the connection
amongthemandthe Figureshowsa systemsummarywhich describeshe systemfully.

Information Centre

System
GLCD screen
Container
N
Arduino RF
UNO Transmi
e L} RF Arduino mega 2560
receive
Ultrason “
ic sensor
—— GSM/GPRS
SIM900

Smart Truck
trash car

Smart
phone ¢ S

v
Truck trash
car

Figure 3.1: GeneralArchitectureof the DesignSmartCity ServiceMonitoring and

WasteCollection
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3.1.1.2 Stateof the Art Study

Certainsystemsinclude SmartEnergy Systemsand Smart TransportSystem,Monitoring
System. Therefore, smart systemsare neededfor intelligent systemsto make use of
intelligent monitoring systemfor intelligent cities. Sendingdatato the computing and
communicatiorplatformsis importantat this stage(Harrison et al., 2010)he researcton
how interconnectedsystemscan be extend by modelling, analysing, optimizing and
visualizingthe operationof the service.The zonesof interestlisted abovesumup to bethe

foundationof smart,Instrumentedinterconnecte@ndIntelligentcities

3.1.1.3 Designand Application

This part describeghe systemtogetherwith its characteristicand its functionalities.In
addition, it recordsthe developmenby keepingthe documentdescriptionsof the system
The purposeof this researchwas to improve the smartwastecollection systemof cities
Therefore dynamicsetupis indispensabldor the systemto be usedin this thesisso thatit

canadaptto differentcities.
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3.1.1.4 Smart City Servicesfor Smart Waste Collection and Proof of Concept

In orderto prove the conceptcity service,waste managemencollection was preferred
This serviceis needgenerally,sincewastemanagemenis a universalobjective.Besides,
wastemanagemengervicesupportseaorts towardssustainablenvironmentFor our proof
of concep city service ,we chooseour city. A stimulusfor thisis that,in thecity; thereare
sternrules arounddumping of trash at places.One of suchis that populations are not
allows to drop their garbageat waste place in which waste bins are full to capady.
Environmentprotectionand not allowed environmentpollution, they are requiredto y n d
anotherwasteplace.As a result, this leadsto wasteof gasandtime in locating available
waste stationsby populations.When the bins or containersare full garbagethen send
messagédo the trucks and showthe centrealso levels garbagein the bins or containers,

thenthetruck cometo emptythebins.

3.2 Designand Architecture

This partdescribeghe major component®f the systemand how theyrelateto eachother

explainedblock diagramfor smartsysten servicefor monitoringandwastecollection.
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3.3 Limitatio ns

In this study limitations were available limiting the thesis. For example, hardware was a

limitation was a limitation. RF did not work long distance and therefore, it prevented the
formation of signals and use of radio waves. In addition, GPS was not used within the
scope of this research, it is forbidden to order GPS in Sulimanya. Also limitatidmbdi

separate the types of waste like plastic and paper etc. | did system for general waste

3.4 Advantage ofSmart Waste Management ©llection

1 Reducing the cosgif the collectiorservicethecity collection waste imities

1 Developing aleanenvironmeat whereavoiding the group of dos from overflowing
Containersaand recycle bin. Use smart bins in the cities

1 Evade needless trucks flow to empty half containedlsicing emissions of pollutants

Into the atmosphere and noise as wekapty comainers wherhey are full

Short times for collection waste in the city, and clean the city

Reduces the traffimm and reduces crowd in the city

Reduced firesafety risk

= =4 =4 =1

Protectdoth publichealth andenvironmenby reducingpollution

3.4.1 Deploymen Based on Actual Needs

The earliest information on collections helps deployment of containers giving to the
required amount of the waste with the level and pesed on the fill patterrfer at the
times Truck go the place when the containers lieafud need empty with information

about the place

3.4.2 Cost Less and Resource Optimisation

Resources andogistics can be attuneéd actual necessary, reducing operating and
infrastructure costs and reduce collection the wastd Reduce the containand binsin
the city
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3.4.3 Retrieve Environmental Well and Quality- Being of Citizens

Reduces the traffigam andthus reduceghe CO2 emissionwhich producedy vehicles.
So, reduces vehicle in the city leadseduce theollutions thajproduced  traffic. It also

keepsthe cities air clean.

35S0l uti ons @BenAfilsdi t i onal

RealTime information about the fill level of martial or fulash in the bins or containers
thesensorsnstalled in the containers oecycles binprovidereaktime informationon the

fill level. This information benefits control when and where to organize collection. The
sensors send signal for the centre and give information about level of the trash on the bins
or containers.

Ultrasonic Sensors is an overall logisteslving those problemBy savingmoney, time

and the keephe environmentfrom pollution. It uses Ultrasonic sensors to measure and
prediction the filllevel of waste containers agdusesmart collection plans using the most
efficient and eféctive schedes and routes. Thisolution provides directbenefits from

cost savings$o time savingMorrissey and Browne, 2004)

3.6 Monitoring Vehicle s and Dynamic Routes

Monitoring the vehicles that give the service makes it feasible to configure the roads
dynanically created on the fill levels at any time. And give information about bins and
containers

Thetwo-way communicatios systemsendinformation about the emptied containers and
level trash on the bins amontainers and also send message to vehiclempbydins or

containerith informationabout the locations of the bins or contain@®safaftis 1995.

3.6.1 Smart Vehicles

Currenttechnological developments @ommunication, the manufacturing wéhicles are

also changing.For instance, nowadays saare not only a secure and easy way of
transportation but also they are used for fun and data purposes in the field of transportation.
They are within smart technologies as they contain the key technologies. The same applies

to different technologies sudas computers and telecommuations. There are different
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kind of services within the cars such esergency and roadside assistarate, which
render them smarThe idea of the smart production of vehicles are useful for controlling,

revolution and scigific cases Kondepudiet al, 2005).

3.7 Solutions for Public Administration

Improving the economic saving from the services provided in the cities with the improved
conditions by using various technological tools makes a city smart. For examp@ngedu
the amount of dustbins in a city, thus improving the public transport problems by
decreasing the number of bins in the street are a few of the adva(témessey and
Browne, 2004) Moreover, a cleaner environment of the city as well as qualithef t
citizens wellbeing are achieved. For example

1 Reduces truck traffic

1 Improves noisgand air pollutios

1 Reduces the pressure produced by traffic

1 Growths the exdnt of available parking spacasd make more trees in the cities
1 Fewer smells

1 More beauful citiesand increasing green spaces

3.8 City Service Managers

Effective service and budgenanagementallows a better planning with the condition
details of the dustbins In this way, all the budgetary and planeswurces and logistics
such as troks, containers, fuel and other services will be decreased. Thus, tbéuce
traffic events and road workand find short road and reduces accidents.Traffic data
can be gatheretb plan the routes with less traffic or to avoid the roads with adsiden

which will help to the budgetary problems of the city

3.9 Recycling Trouble Shooter
3. 9.1 Too Much Pollution in Our Containers Recycling Bins

Recycling bins should be kept away from trash in order not to mix up so that creation of
too much pollutbn can be avoidesb for keep out environment make good system and

schedulefor empty bins and containers, and need sialff
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3.9.2 Recyclables in the Rubbish Bin

Putting the recycling bins and rubbish bins together may allow a mixing of wastes
togetter. It can be recommended to put them away from each other and change the colour
of the bins so that the wastes do not enter into the same bin allowing more pollution. More

recycling bins may also be added to the rooms as they fill up very fast.

3.9.3The Recycling Bin is Usually Empty

Placing recycling bins where they are needed can be recommended in order for the action
to be effective. Recycling costs very high, this is important traffic jam also important
too. Training the newly employed staff ierms of recycling would be useful in

contributing towards the recycling process

3.10 ManagementSystem

3.10.1 Mobile Technology

AMobil e communication technology contains
wireless LAN, satellite communicatior@d devices, Global Positioning Systems (GPS),
Bl u et (O@loldkdnamd Bamodu, 2013).

Wireless technology one of the terms closely related to the mobile techn&eung

mobile refers to being wireless but not all the wireless systems are mobilesteocethe

trucks in cities to communicate, with the control centres in smart cities can use this system.
at the Central system send SMS to the truck driver and show the place the bins need to
empty can chose nearest road by the using GPS on the Simaettphget the place with

short times.

3.10.2 System Architecture

The main components of the deveddpsystem are decomposingo three layers, as
shown in Figure.Every trash bin is supportsy sensor nodes ultrasonic sensor with
Arduino, which gives the filling monitoring and the transfer of the get back data to a
Centre system, through the Data transfer nodes. The complete system allows the

interaction among various kind of wireless networks through various standard sets, such
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the RF Transmitter(RFM12B-S2 WirelessTransmitter - 915MHz), WiFi, GSM and
GPRS. Taking into account a city status, the main task is the combination of the various
Low Power Area Networks. Ultrasonic sensor nodes and were built on Tiny Operative
System. The RHransmittercomect between them through Gateway stations that consist
of Transfers High data rate date up to 115.2 kbps in digital mode or 256 kbps in analogue
mode exchange mechanism between the cepstem and the bins as showed.

Center system

A :;jsus‘;;;“ »

——m—mf e —————- -
| 4 4
. Data yamfor
RF Transmitter “‘m
RF M12BS2 Wireless
Transmitter 915MHz - i— - - —1 - GSM/GPRS
B-a |B-1 E-2 B-31 B-4 B-5
T LHE LL
- = I BN P ©
e o

Figure 3.4: Project System Achitecture

3.10.3 Wireless Sensor Netwd Architecture
In the systemthree main suitability statusase available which represent the level of trash
in 90 precent at the dustbirie addition the mainsystemobserves the status and carries

out therequired ations regarding the situation

1 Non-qudified this is a state when the place does not have enough waste or trash, which
requires waste collection

1 Almost qualifiedthisis a state between qualified and ngnalified state. All places in
this state when waste collection activity is egoing must be considered as well for

waste collection.
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i State Qualifiedthis is a state when aaste station needs to hasits for waste

collection. This state rexyes urgent action to be taken

LB

Bin 1 20 % full Bin2 55 % full AlImost qualified Bin3 95% full Qualified

Figure 3.5: Displayof PossibleStatesof Waste Stations

Test circumstanceAccept we have a waste administrationorganizationwith ten reuse
receptacle®f samestructureat diderentplaces.The enthusiasnof the organizationis to

know whento go for wastegatheringutilizing electiveway to deal with timetabletiming.

They controltwo primaryvariables.They r is the Qualified settingsandfurthermore the

basenumberof containerghatcanbe measuredor anywastegather
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3.10.4 SystemOperations Flow Chat and lllustration

%[ Smart Bin orcortraries

Showés fill level state bins or
containers

v

\
Send the SMS to Smart Vehicle
System to empty the Bin and sel
L information bindo the systententer y

!

~
Transmit the Signal to the Cent
Station and wait till serviced an

send SMS to the mobile vehicles
\_ J

[ Wait Till Emptied |<

)

Is Trash
Bin

&

No

Yes
y

[ Ready for Reuse J

End

Figure 3.6: Flow Chart of Application Simple bdule
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3.11 Started with the Arduino GSM Shield Connect to the Centre Bored

The GPRS Shield relies on upon SIM900 module from SIMCOM and great with Arduino
and its clones. The GPRS i€l gives you a way to deal with pass on using the GSM
telephone framework. The shield grants you to achieve SMS, MMS, and GPRS and Audio
by methodfor UART by sending ATcommands (GSM 07.07, 07.05 and SIMCOM
redesigned AT Commands). The shield also hasl? GPIOs, 2 PWMs and an ADC of

the SIM900 part (They are each of the 2V8 method of reasoning) presdtaish
(Zaghloul, 2014).

Speaker Jack Microphone Jack

UART/Soft Serial
Jumper

SMA Antenna
Interface

Arduino Reset
Sim900 Reset State LEDs
Power on/off

Figure 3.7: GSM/GPRSSIM900

3.11.1 Usingthe GSM Shield with, Arduino Uno and Arduino Mega

The GSM shield correspondsitiv a connected Arduino through the Software Serial
library. As a matter of course, this correspondence utilizes advanced pins 2 and 3. On the
Uno this works without alteration, however to utilize the Leonardo, Yun, or Mega sheets,
some slight changes amequired.

The GPRS/GSM Shield gives you an approach to utilize the GSM PDA system to get
information from a remote area. The shield permits you to accomplish this through any of

the three strategies:
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A Audio

A GPRS Service

The GPRS Shield is good witll &heets, whicthave the same structure component (and
pinout) as a standard Arduino &d. The GPRS Shield isrganize then controlled
through its UART utilizing basic AT charges. Taking into account the SIM900 module
from SIMCOM, the GPRS Shield is siiar to a mobile phone. Other than the interchanges
includes, the GPRS Shieldh&a2 GP10s2 PWMs and an AD@Zaghloul, 2014).

Specifications

1 QuadBand 850/900/1800/1900 MHz would take a shot at GSMetworks in all
countries across the world.

GPRS mtti-space class 10/8

GPRS portable station class B

Compliant to GSM stage 2/2+

Class 4 (2W@850/900MHz)

Class 1 (1W@1800/1900MHz)

Controlvia command$GSM 07.07, 07.05 and SIM COM improved AT Commands)
Short message administration

Free serial portlwice

RTC supported with Super @a

=4 =4 A 4 -4 -4 -4 -5 A -

Power on/off and reset capacity upheld

3.11.1.1The Indicator LEDs

The GSM Shield has three pointer LEDs for the GSM Shield power, SIM900 power and
net status.

Flickering a LED will be included in Arduino board and mfigured effectively Put
accompanying content into Arduino supervisor. SifigE contains the codeconfirm it
and transfer to the Arduino boardouch "Check” key andthen the message done
accumulatingwill show up at the base of the project cont@nansferit on the Arduino
board which will originate from the USB portLater, pess the "Transfer to I/O Board"
catch. 2 LEDsare available aRX and TXw h i ¢ h a ljyteag ¢nce."Instruments/Serial
Port
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* Blinking LED

Turns on and défan LED connected to pin 13

**/

int ledPin = 13;

void setup()

{
pin Mode (edPin, OUTPUT);

}
void loop()

{

Digital Write (ledPin, HIGH);
delay (1000);

Digital Write (ledPin, LOW);

Delay (1000);

}

/I LED connected to

// digital pin 13

/I sets the digital

/l pin as output

/I turns the LBD
/I waits for a second
[/l turns the LED off

/I waits for a second

Expecting that program has been transferfecturately join a LED to the pins 13 and

GND on the boardsyou find in the delineation.

GSM Shield power (P)

This LED isuseto show the force status of the GSM Shield. In the event that the outer

power suply is joinswith the Arduino board, then the GSM Shield will get powangd

thus theLED light will turn on.
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SIM900 power(S)

This LED isuseto show the force status of the SIM900.After the SIM900 is force on, the
status LED lightwill turn on.

Net Satus (N)

This LED isuseto demonstrate the net status. The LED will squint gradually or rapidly as

indicated by distinctive states.

Off SIM9O0 i not runing |
Ol OuiOnsOF | SMIODnotrgskend ek
G4ms On/3000ms O | SIMOO regiterd 1 themetwor |
fdms On/30ms Off GPRS communicaton s eublihed

Table 3.1:Light Status

The buttons
There are threbuttons on the GSM shield board.

SIM900 Power Button

Stack theGSM shield on your Aduino principle board. The GSM shield will running
naurally when you power up yourrduino fundamental board. In the event that you need
turn on/off the SIM900 module physically. Simply press the sim900 force catch one
second.

SIM900 Reset Button
Reset theSIM900 module.
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Arduino Reset Button

Reset the Arduino fundamental board. Same capasitha Reset Button which on the

Arduinoprimary board.

Our test representation will control D8 pin to turn on the SIM900 whenAtdaino
barricade fuelledWe wantto use UART send AT commands. tSbe jumper to how
position. We use sfi serial, set to SW position. gtest sketch use soft serial. Therefore,
we keep it on SW position normally.

If we are using MEGA2560,0nly need to conre the central pins of RX and TX jumpers
to RX1 TX1 on Arduino Mega 256 And change the code setti(taghloul, 2014).

Arduino UART(DO, D1)

SIM900 UART

Soft Serial (D2, D3)

Figure 3.8: SettingJumper

3.11.2 Use Two Methods

1. Using AT commands

2. Using Arduinccode(Unoi Mega)perfect

We will make theArduino board for corresponding with the PC by UART convention.
Copy a second serial port (UART) utilizing programming on the computerized pins D2 and
D3 and patch finishes all the correspondence between this second programming serial port
and the genuinequipment serial port. By doing this, all the information originating from

the PC (joined with the genuine egoient UART), would be transferres is to the GPRS
Shield (associated with programming UART).
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A - Run Arduino IDE 1.0 or
A Open miedew ahd compose a be neat

Software Serial my Serial (2, 3);
void setup()

{

mySerial.begin(19200); /I the GPRS baud rate
Serial.begin(19200); /I the GPRS baud rate
}

void loop()

{

if (mySerial.available())
Serial.wrte(mySerial.read());
if (Serial.available())
mySerial.write(Serial.read());

}

1 Upload the sketch program to the Arduino board.

Now all done to std use Arduino with also method

3.11.2.1Using AT Commands

| at er

Led Netwould blink every three seconds by ceowthe COM port for Arduinat 19200

8-N-1 by continuously pressing it after tPRS Shields connected tohe network No

data will be seen on the monitor but will be obtainkdm the shieldthrough

"AT + 1 PR=1AT2IBRE0 autebianding)

RDY

+CFUN: 1
+CPIN: READY
Call Ready

The GPRS Shieldill respond positively whehAT" is monitored by carriage retuta the
Arduino board AT Commandwill be ready wherGPRS Shields set up.
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A. Sending a text message (SMSAT COMMAND

After installingGSM shietl in Arduino board and seeing power like[+CMGF=1should

be sent by usingerial terminal programming.he SMS can be sending the £xt mode

and PDU (or parallel) modea the shield. the content mode will be chosen followed by
an OK reaction by th&PRS Shield Tang,et al.2015.

AT+CMGS="+XXXXXXX" will be sent which will makethe GPRS Shield to begin
tolerating content for another message implied for the telephone number indicated
(supplant the number with the telephone number of the objective delephThe GPRS

Shield will send a > flagging you to begin writing the message

B. Make a Calli AT COMMAND

1 Input AT D158 r**kkkk.
f Respond OK, you will receive a call.

7 Input ATH to end a call

3.11.2.2Using Arduino code (Unoi Mega) compatible sending dext message (SMS)

1 With the GPRS Shield evacuated, download this portrayal into our Arduino. The
GPRS Shield should be evacuaszs it does notmeddlewith the programming of
Arduino,which happens over the Hardware UART (utilizing FT232RL).

Disconnet the Arduino from USB port to evacuate energy to it.

Set the Serial Pojimpers on the GPRS Shield irddino position (i.e. Arduino’'s RX
joined with GPRS_TX and TX of Arduino associated with GPRS_RX)

Connect the reception apparatus to the GPR&8&hANd embed the SIM Card.

Mount the GPRS Shield on Arduino.

=

Apply energy to the Arduino
UsingUSB port or by means of outer power supply.
Switch on the GPRS Shield by utilizing the force switch. Hold up till the Network LED

= =2 =4 4 -

(D1) begins squinting

1 Using a pen or a plastic tweezer get to the reset switch on the Arduino Board and reset
the microcontroller to run the representation from the begin. Try not to take a stab at
removing so as to resetting the Arduino and applying energy to it as thislinihe
GPRS Shield.
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1 If nothing turns out badly, the SMS will be gotten on receiver's handset

3.11.3 Network Led

The Network LED shows the different states of the GSM module i.e. power on, Network
registering and GPRS connectivi#t the point wherthe modenfuelled up, this Network

LED will flicker every second. After the Modem registers in the network (it takes 10
60seconds), this LED will blink in step of 3 seconds at slow rate. At this stage we can start
using the modem or our application. Tllemonstrates the modem is enlistéh the

network.

3.12 Ultrasonic Sensor

Ultrasonic separation estimation modules like this: $BFare a powerful approach to
sense the vicinity of closiey articles and the separation to them. Regularly Robots utilize
these to sense articles or crashes and make fitting move.

Ultrasound is a high recurrence sound (commonly 40 KHz is utilized). A short burst of
sound waves (regularly just 8 cycles) is conveyed the "Transmit" transducer (left, above).
At that point the "@t" transducer listens for a reverberationtiis manner, the rule of
ultrasonic separation estimation is theme as with Radibased radafFuqing et al.,
(2008.

Features

Detecting reach: 3cmim

Best in 30 degree point
Electronic block perfect intéace
5VDC power supply
Breadboard friendly

Dual transducer

= =4 4 A4 -4 -5

Arduino library ready
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Figure 3.9: SRF06 Ultrasonic &nsor

Specification

Working Voltage : 5V(DC)

Working Current : max 15 mama

Working recurrence: 40HZ

Output Signal: &V (Output high when snag in extent)
Sentry Angle: max 15 degree

Sentry Distance: 2cm500cm

High-exactness: 0.3cm

Input trigger sign: 10us TTL motivation

Echo sign: yield TTL PWL sign

= =4 -4 -4 -4 -5 -2 -2 -1

3.13 Arduino

The Arduino environment has been intended to be anything but difficult to utilize Arduino

is utilized as a part of numerous instructive projects far and wide, especially

3.13.1 Arduino Hardware

The Arduino boardexecutes codespntrok and read to power. Spafic parts are linked
in order to create powerheparts may basensorghanging physicallyo power so that the

board can sense it. Cases of sensors incorporate switches, accelerometers, and ultrasound
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separation sensor@Margolis, 2011).and presentans. Different authority sheetgan be
used with Ardiino programmingand Arduino-perfect sheetswvhich includea USB

connectoiin order to empower and transfer the itemgh®Arduino Uno

Digital Ground
Digital 170 Pins (2-13)

Serial Out (TX)
Serial In (RX)

Analog Reference Pin

USB Plug =i

~wome ARDUINO Reset Button

o

In-Circuit
Serial Programmer

-----------------

ATmega328
Microcontroller

External Power Supply

Analog In

3.3 Volt Power Pin Pins (0-5)

5 Volt Power Pin

Ground Pins

Figure 3.10: Arduino Uno

3.13.2 Arduino Software

Programming projects, called representations, are made on a PC utilizing the Arduino
integrated development environment (IDE). The IDE empowers you to compose and alter
code and change over this code into directitwas Arduino equipment gets ([argdis,

2011) The IDE additionally exchanges those directions to the Arduino bogme¢adure

called transferring)
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File Edit Sketch Tools Help

Finclude ""SIMSOO_. I
#includs ""cocall.kn't

Finclude <SoftwareSerial.h>
Finclude =<glcocdd.lai>

g#inclucds <SFI .o

Finclude <50 .=

#Fginclude <VirtualWire.hs>
clhiar StringReceiwed[Z1]:-
Finclude ""fomts sArialla.h’™
F#include "fonts//SystemFontix7.hli™
Finclude ""bitmapssstuln.-la™
Fincludse “"bitmapsspon.h™
#F#include

char phone no[Z]1[20]={"00S647701558333" , 009547 702281248""} =
char private_phone_no[Z=07]
int count,pph dndex s

it bin_depth=100:

<

Figure 3.11: SoftwareApplication

3.13.3 The C Language

Several languages are usibtg program microcontrollers, from haodre Assemlage
language to graphical programming languages like Flow code. Arduino sits somewhere in
between these two extremes and uses the C programming language with C++. It does,
however, wrap up the C language, hiding away some of the complexity. This meksg it

to get started.

The Clanguages, in registering terms, an old and admired language. It is well suited to
programming the microcontroller since it was invented during an era vamepaced with
today's monstersthe typical computer was quite popdndowed.

C is a simpldanguageto learn, yet incorporates into proficient machine code that only
takes a small amount of room in our limited Arduino men{&iynon Monk 2014).

int led Pin = 13;

/I LED connected to digital pin 13

void setup()

{
Pin Mode(led Pin, OUTPUT);

}
void loop()

{
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Digital Write(led Pin, HIGH);
/Il set the LED on

delay (1000);

// wait for a second

Digital Write (led Pin, LOW);,
/I set the LED off
delay(1000);

/! wait for a second

3.14 LCD Displays

Our venture needs to show the outcome more than a couple of numeric digits, we likely
need to utilize a LCD show module. These have the favourable position that they
accompany inherent driver hardware, so a considerable measurewdrihes as of now
accomplished for us and we don't need to survey round every digit, setting every fragment.
Likewisg there issomething of a standard for these gadgets, so there are loads of gadgets
from distinctive producers that we can use similarlye Gadgets to search for are the ones
that utilization the GLCD 125* 64 driver chip. GLCD boards can be entirely costly from
retail electronic segment suppliethey can regularly be purchased for a couple of dollars,
especially in the event that we aréliwg to purchase a couple at once.

This venture will permit us to show a message on a LCD module
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Figure 3.12: LCD Display

3.15Blink Led

The sheets intendetd make it simple to flicker a LED utilizing cqraterized pin 13.
Certain (Diecimila and.ilyPad) include the LED assembled intoard. Some(Mini and

BT), has 1 KB resistor on itpin, permitting to join a LED specifically. (To interface a
LED to another computerized pin, you ought to utilize an outside resistor.) LEDs have
extremity, which neans they will just light up on the off chance that you situate the legs
legitimately. The long leg is regularly positive, and ought to join with pin 13. The short leg
interfaces with GND; the knob of the LED will likewise commonly have a level edge on
this side. On the off chance that the LED doesn't

illuminate, having a go at turning around the legs (you won't hurt the LED in the event that

you connect it to in reverse for a brief timeframe).
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Figure 3.13: Blink LED

3.16 Radio frequencgy ( RF) Transmitter and Receiver Modules with Arduino

The remote transmitter and collector modules work at 315 Mhz. They can undoubtedly fit
into a breadboard and function admirably with microcontrollers to make an exceptionally
basic remote information join. With one seif transmitter and beneficiary, the modules
will just work conveying information oneay, we would require two sets (of diverse
frequenciesjo action equidy a transmitter/receiver paif,hese modules are unpredictable
and will receive considerable meas of commotion. Both the transmitter and collector
work at basic frequencies and don't have IDs. Subsequently, a strategy for sifting this
clamourand blending transmitter and collector will be fundamental. The sample codes
underneath shows such an ithagion for essential operation. It would be ideal if you
allude to the illustration code and connections beneath for approaches to fulfifygowe

remote information joinHeinonen, 1999)

Receiver Module Parameters

1. ltem Model: MX05V

2. Working votage: DC5V

3. Quiet Current: 4mA

4. Accepting recurrence: 315 MHz
5. Recipient affectability:105DB

6. Size: 30 * 14 * 7mm
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3.16.1 Technical Parameters of The Tansmitter Module

1. ltem Model: MXFS-03V

2. Dispatch separation: @0-5000 meters (diverseoltage, distinctive resultson the df
chance that the two arealtered then one can utilize an outerceivingwire that has pick
up, and point the reception apparatuses at one another. This will altogether build the reach
On the off chance that the tvgadgets are not in altered areas then an oeteirvingwire
will help, however we need to utilize amti-directional reception apparatus

. Working voltage: 342V

. Measurements: 19 * 19mm

. Working mode: AM

. Exchange rate: 4KB/S

. Transmiting force: 2.0mW

. Transmitting recurrence: 315 MHz

© 00 N O O b~ W

. An outside reception apparatus: 25cm common roetitreor singlecentreline
10.Pin out from left Y right: (DATA; VCC; GN

Figure 3.14: RF Transmitter and Receiver
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CHAPTER 4
RESULTS

4.1 Proof of Concept and Thesis Application

For verification of the idea, we consider wastase administration framework in the city.

Our framework giving information from receptacle or holders furnished with sensors
situated at dierent areas of the city to control the status of the canister or compartment in
deference to amount of waste d@ntains and level waste in containers or holders. Introduce

the sensor on the highest point of the canisters or compartments. The continuous

i nformation is put away and made realistic
uncommon organizations.h& data is utilized to give esteem additional administration,
which wants to beneyt the nationals and t h
frameworks. The evidence of thought is to show how the proposed can be suitable and
supportive in develament and organization of various sorts of Smart city administrations.

We prescribe a superior alternative to supplant routine based waste gathering. Rather than
utilizing a routine made timetable, our framework screens the status of receptacles or
holders at reuse puts and established on the framework's settings; caution the
administration when waste gathering procedure is expected this guarantees just reuse
places that are genuinely due for accumulation are gone to furthermore takes out the need
to visit stations with almost no measure of

In the secondideof thisthesisprovidescentersystemfor citizens to monitothe status of

bins and monitor fil the bins and level the bin®ataabout thestationof bins and how
muchwastein the binsis importantin some placefr when the binarefull then the truck

can go tahe placeo emptythe bins thuseduce the costs well ageduce traffic jam.

The thirdside of the thesigs thatvehicleswith mobiles when the binsarefill ed of the
trash then theentral systensent messag® the vehiclesto goto the placevherethe birs

are located to empty them
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4.2 RealTime Monitoring and Smart Design of Daily Collection Processes

Each ultrasonic sensor is installed in every container, transmits to therded qualities
information Arduino with TR transmitter we have considered just the estimations of
ultrasonic sensor, i n order to group which
these lines, the sensor sends date to the middle where theackeepnhd compartments are
checked and here the control focus is notiy
the date esteem. The control focus uses to gather information from the different ultrasonic
sensors and as s e sreceftacle Wé lmwe enkemsdofdur digtindt levelyy o f  a
empty, half empty half full and full. All data associated with the level of receptacles are
sparing in the memory of the inside, so the historical backdrop of genuine information and
communicator timestamcan be valuable to a conclusion procurement structure that could

ynd answers for the issues of association
wast e. For instance, dissecting the while t
city can help understanding the best number of canisters that should be disseminated in that
zone. Her e, i f a | arge portion of the <ca
examination of information prescribes that new receptacles or holders must umedhcl

t hat zone so0o as to give a more efycient
containers are ylled in a very long ti me,
receptacles without influencing the administration.

In the wake of havingriown the level of garbage of a receptacle, one of the following two

cases can happen.

71 If the level of a contaer almost to the full or halfull accumulation, by the inside
framework making an association between the receptacle and the vehicle by send
message for the vehicle, which ought to gather the zone of the city where the canister is
found. Making this association does not imply that the truck will absolutely enhance
the container. This phase of the choice will be applies by another segment of the

control focus.
1 If the level of a container is in the unfilled or hakhaust accumulation, evacuate the

associations between the receptacle and the related vehicle to the zone where the

Canister is found then don't sending the message for thee/éor go to that zone to
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Figure 4.1: GLCD CentralSystem Mnitoring

4.3 Automatically Waste Management System

Designa system for managing the wastes in an effective way in order to reduce the
improper use of valuable resources like human eneirgg, and costThe architecture of

the designn the method we distributed the general system of waste discoveoyfour
subsystems, Smart Trash bBystem, Smart/ehicle System,Local Stationand Smart
Monitoring and control. Complete these systemswork smart and in organization to
automate the waste organization in the Smart Waste Bin(s) so as to diffptheewaste

as and when necessary without keeping a unceasing eye on the waste bins manually.

4.3.1 Smart Trash bin

Smart Garbage System pengfies an electronic device known as Smart Garbage Bin,
which consists of a Radio Frequency (RF) transmitter and Sensors. The sensors sense the
waste situationvasbeing collected by the Smart Garbage Bin. One type of sensor is used

in the SmarfTrashBin. Theultrasonicsensor use for measurement which isdut sense

the distance of thkevel waste in the f8arttrashbin the ultrasonic sensor whose function

is to detect thef the waste in the smatrtashbin. There is one sensavhich placed near

thetop of the SmarfTrashBin. The use of one ultrasonic sensor makes the decisions more
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