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Abstract

In the present days, the garbage bins or trash cans which are placed at public places in the
cities are getting overflow due to increase in the waste every day. It creates bad health
conditions for people by spreading some deadly diseases . To avoid such situations ,
planning to design smart bins means that the particular authorities can receive messages
about the bins’ status . So, our system serves particularly municipal employees , saves their
time and reduces cost also . It provides smart waste management solutions for cities and
businesses to cost effectively manage the waste , improve the environment and wellbeing of
people . The system aims to improve the waste collection process and its operation
efficiency, manage, understand and separate the waste type (either liquid or solid), thus
knowing the possibility of recycling the waste .This is done through involving unique
ultrasonic smart sensors that monitor waste in real-time using 10T. Thus provides cities and
businesses with data-driven decision making, and optimization of waste collection routes.As
trash increases , the distance between the ultrasonic and the trash decreases, this data will be
sent to our micro-controller. Microcontroller then processes the data and sends messages to
the android app which alerts the responsible staff. After that, the collected data is analyzed

,then the instructions and the schedules are updated accordingly.

Keywords : 10T, Internet of things, Waste management, RTOS, Raspberry PI, 3G SIM
Module.
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Chapter 1

Introduction

1.1 Overview of the project:

Today, big cities around the world are facing a common problem, managing the city waste
effectively. Today’s waste management systems involve a large number of employees being
appointed to attend a certain number of dumpsters which is done every day periodically. This
leads to a very inefficient and unclean system in which some dumpsters will be overflowing,
some dumpsters might not be even half full. Here a waste management system is introduced in
which each dumpster is embedded in a monitoring system that will notify the corresponding
authority if the dumpster is full and it is also
separate wet and dry waste. Our system provides an effective solution to the waste

management problem.

1.2 Motivation

By 2100, they estimate, the growing global urban population will be producing three times
as much waste as it does today [1]. That level of waste carries serious consequences —
physical and fiscal — for cities around the world. One of the main concerns with our
environment is waste management which impacts the health and environment of our society.
The detection, monitoring and management of wastes are one of the primary problems of the
present era. The traditional way of manually monitoring the wastes in waste bins is a
cumbersome process and utilizes more human effort, time and cost which can easily be

avoided with our present technology.



1.3 Importance

In summary, the system will:

1. Make reduction in collection costs: when smart dumpsters transmit their real-time fill
level information to waste collectors. This leads to a pickup process which doesn’t
consider
empty trash bins, saving fuel as well as manpower.

2. Assure that there are no missed pickups: unlike traditional collection methods, the
smart waste management process eliminates the overflowing of trash bins. When a
trash bin is about to get full, the authorities are immediately notified. And collection

trucks can be scheduled for a pickup even before the pre-scheduled time.

3. Generate waste analysis: smart waste management is not just about route optimization.
The real value of 10T lies in data analysis. Such capabilities can help waste

management companies, municipalities predict future waste generation.

4. Reduce CO2 emission: telling the drivers the exact location of full bins lead to less
fuel consumption, which ultimately reduces the carbon footprint, making the waste

management process eco-friendlier.

1.4 Objectives

The main aims that we are looking to achieve in our project are:

1- The system will be able to control the Wastage of fuel. In order to achieve that aim, it has

to achieve these objectives:

A. Ability to identify the status and location of each waste bin .

B. Ability to update and send notifications in order to collect waste as-needed, thus
reducing labor hours .

2- The system will be able to optimize waste collection logistics. In order to achieve that aim,

these should be gained :

A. Ability to separate the waste depends on their type (either liquid or solid) .

B. Help the process of recycling the waste.
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3-The system will be able to support safety conditions, in order to achieve that aim, these are
the objectives:

A. Ability to detect the fire immediately

B. Sending notification of Short Message Service (SMS) to a Fire and Ambulance car.

4- The system will improve the environment and wellbeing of people , in order to achieve that
aim, these are the objectives :

A. Ability to tell the citizens the location of nearest empty trash, thus minimizing the

contamination of containers surrounding, no bad smells and no rodents.

B. Ability to give the exact location of fully trashes which led to decrease the amount of

fuel required to collect the waste, thus eliminating the excess emissions.

5-The system will be automatically updated according to the data collected after analysis , the
required data for analysis includes :

A-Bin status data(full or not) .
B-Fire detection data .
C-Waste type detection data .

6-The system will guarantee that the responsible authority can only schedule and make
changes which can be done by:

A-The responsible authority will be informed about the system updates and then these
updates either confirmed or rejected .

B- The drivers can only view the needed information to do their work and they don't have
access to any further data.

11



1.5 Description of the project

In this research, the proposed system will design and implement an effective smart waste
management system based on I0T. The system gives a real time indicator of the garbage
level in a trash can at any given time. Using this data we can then optimize waste collection
routes and ultimately reduce fuel consumption, by just telling the driver the locations of full
trash cans. It allows trash collectors to plan their hourly/daily pick up schedule. The solution
is composed of remote monitoring of the amount of waste inside containers via ultrasonic
sensors which are able to monitor(in real-time) any type of waste in containers of different
types and sizes. The system provides a mobile application which allows configuring,
monitoring and managing waste. It provides an advanced analytics tool that enables to truly
understand waste, so the driver can wisely plan capacity, ratio and location of his containers
based on real requirements. In case the trash can is full before the round of the truck, our
system will send a notification message to the responsible authority, and close the can, so it
prevents the citizens from putting their trash; otherwise it will redirect them to the nearest

trash can.

The solution can best benefit the municipalities and local authorities, waste management
companies and large businesses, factories, industrial parks, campuses, universities, and

hospitals.

1.6 Problem statement

The traditional method of waste collection is based on hygiene personnel (especially
municipalities), and check out the trash bins distributed in different geographical regions.
Therefore, it is necessary to go to all these areas, and typically a specific day is assigned
to each region. The problems with this method are clear, most notably that the trash may
not always be full and doesn’t need to be emptied compared to other trashes that may
need to be emptied as soon as possible, consequently, this issue results in the loss of time,
effort and money, to check empty trashes . In addition, a very important point is that in
some cases waste is burning whether intentionally by people or inadvertently to empty
the trash.

12



1.7 List of requirements
The system requirement can be summarized as:
1. The system should give a real time indicator of the garbage level in trash (container) at any

given time.

2. The system should have the ability of analyzing system data that have been sent to the

microcontroller and to the cloud.

3. The system should have the ability to give continuous feedback to the drivers and

responsible.

4. The system should open a suitable section of the trash can depending on waste type.

5. The system should support and provide safety conditions.

6. The system should provide the citizens with the closer empty trash.

To meet these requirements:

1. The system should sense the waste and identify waste level continuously.

2. The waste detection unit must be able to identify waste type.

3. The system must be able to detect fires and refresh its data continuously, then update mobile
application and SMS notifications.

4. An LCD must be able to display the location of the nearest empty trash.

5.The system must update ,schedule ,and give instructions according to the results after

analyzing the data .

13



1.8 Expected results

1.Provide municipalities with the needed information about trash status using mobile apps,
thus optimize the waste collection process .

2.Sending notification of Short Message Service (SMS) to a Fire car and to detect the fire
location accurately using the SIM808 GSM/GPRS/GPS module.

3.Help citizens by telling them the location of the nearest empty trash on an LCD, in case
the current one is full.

4.Reduce waiting time to empty fully trashes, thus reducing pollution and save the
environment.

5.Contribute in the recycling process by separating the waste depending on its type.

1.9 Overview of the rest of report

The outline of the report is as follows:

Next chapter, “background”, contains the theoretical background and Literature
review, options (design options for hardware components and design options for

software components) and design constraints.

Third chapter “design”, includes a detailed conceptual description of the system (HW and
SW), detailed design, schematic diagrams, block diagrams, structural diagrams, and any
necessary information about the design.

Fourth chapter “System Implementation and Validation”, includes a description of the
implementation, implementation issues, implementation challenges and description of

the method used to validate the system, validation results.

Fifth chapter “System Analysis and Discussion ”, includes analysis and discussion about

the results.

Sixth chapter “Conclusion”, includes summary, challenges , future directions,

recommendations, and future work.
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Chapter 2

Background

2 .1 Overview

This chapter introduces the theoretical background of our project, short description of
design options that will be used in the system, design specifications, constraints and

some additional information about the system.

2.2 Theoretical background

Waste management is a process that includes the activities and actions required to
manage waste from its inception to its final disposal. This includes the collection,
transport, treatment and disposal of waste, together with monitoring and regulation of the

waste management process.

Waste can be solid, liquid, or gas and each type has different methods of disposal and
management. Waste management deals with all types of waste, including industrial,
biological and household. In some cases, waste can pose a threat to human health. Waste
is produced by human activity, for example, the extraction and processing of raw
materials. Waste management is intended to reduce adverse effects of waste on

human health, the environment or aesthetics.

Waste management  practices  are not  uniform  among countries
(developed and developing nations); regions (urban and rural areas),

and residential and industrial sectors can all take different approaches.

A large portion of waste management practices deal with municipal solid waste (MSW)
which is the bulk of the waste that is created by household, industrial, and commercial

activity.

15



Our project focuses on optimizing the waste collection process using 10T technology.
Here the problem of unorganized and non-systematic waste collection is solved by
designing an embedded 10T system that will monitor each dumpster individually for the
amount of waste deposited. An automated system is provided for segregating wet and
dry waste. A mechanical setup can be used for separating the wet and dry waste into
separate containers inside the same trash container. For detecting the presence of any
waste wet or dry we will use an IR sensor, in the next step for detecting wet waste a
moisture sensor can be used. In this process, if only IR is detected, the motor will rotate
in the direction of the dry waste container if both the sensor detects the waste then it will
go to the wet container. Both these containers are embedded with ultrasonic sensors at
the top; the ultrasonic sensor is used for measuring distance. This makes it possible to
measure the amount of waste in the containers if one of the containers is full then an alert

message will be sent to the corresponding authority.

2.3 Related Work

Considering the advantages of 10T technologies, many researchers have investigated
and developed new applications for smart cities, especially for waste management. There
are different projects that are used to manage waste collection process, these are some of

them:

1. "IOT based waste management system”, which is being developed by Reem
Ghayadah , Rawand Taha ,Palestine. The system proposed a solution to manage the
waste collection process. They assumed that waste was collected in two trash cans,
the first is a trash can that is used for personal use in homes. The second part is a
trash can for people to share it, which would also be emptied by the municipality.
For the personal use trash can, there is an ultrasonic used to detect when something
is placed in the trash bin door, that would trigger the moisture sensor to measure the
moisture level of what is placed. Which would trigger a motor to move the trash
either to the dry container, or the wet container. For the large trash can, the trash
cans would measure the waste inside them with an ultrasonic sensor. Using the
distance measured with the sensor, it determines whether the trash can is full or
empty. The city would have an application that would help them monitor the status
of the trash cans[2].
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2.

"Design of a Monitoring System for Waste Management Using IoT", which is
developed by Aravindaraman and P. Ranjana, April, 2019. The proposed system
finds the solution for the garbage disposal by designing a smart trash can by
managing the garbage. The garbage is collected, and the garbage collector sent
from the control room. The smart trash can sends the message to the control room
through the sensors attached to it. The trash can is attached with the ultrasonic
sensor, infrared sensor for detecting the level of the waste and anonymous gases
which is connected to a Raspberry Pi microcontroller where it is programmed
to send message to the control room if the garbage is full and also if the
garbage is not disposed for a long time[3].

"Internet Of Things (IOT) Based Waste Management System™ which was
developed by Tuton Mallick on Oct 01, 2018. In this proposed System, multiple
trash cans in different locations all over the city have been provided with a low cost
embedded device which sends data to the internet cloud after reaching a certain
threshold level of the trash can in order to perform the cleaning as early possible.
Moreover, the device will transmit the level along with the unique ID provided via
SMS to the closest authorized cleaner. The total system is clearly visible with proper
authentication to the highest authority of the waste management system. And also
the system is able to notify the authority if any cleaner avoids the SMS[4].

In the following table ,the comparison of our system and other existing systems are
shown.
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Table 2.1 Existing work comparison

Feature Proposed 10T based waste | Design of a Internet Of Things (10T)
system management Monitoring Based Waste Management
system System for System
Waste
Management
Using loT
Microcontroller Raspberry PI ArduinoMega256 | Raspberry Pi Raspberry Pi
0
Sensors Smoke Ultrasonic Ultrasonic Ultrasonic sensor
sensor, sensor, Moisture | sensor, Gas
ultrasonic sensor sensor
sensor,
Moisture
sensor
Information about the v v v
collecting time and location
v
Quick response to urgent v v X X
cases like fire
. .. b 4
Managing Application v v v/
Segregating wet and dry v v X X
waste
Distributed System v X X X
. X
Data analysis v v b 4
Feedback v b4 X X
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Reviewing the weaknesses of the above frameworks, we are proposing an "l1OT based
smart waste management system™ where a distributed system contains multiple trash bins
that are physically separate but linked together using the internet . All the trash bins in

this system communicate with each other and handle processes in tandem .

the distributed feature that is added to our system have the advantages of :

1- All the trash bins in the distributed system are connected to each other. So trash bins
can easily share data with other trash bins since they are connected with a unified IBM
database.

2- More trash bins can easily be added to the distributed system i.e. it can be scaled as
required.

3- Failure of one trash bin does not lead to the failure of the entire distributed system.
Other trash bins can still communicate with each other.

In our system we analyze data on raspberry pi then send the result to an android
application through Node-RED (IBM cloud service) . We have feedback in our system
like when the trash can is opened we send a notification to the application ,also when the

system went offline for any purpose , a notification will be sent .

Our system also uses an IBM cloud data analysis service which enables us to collect all
the system data in a unified “cloudant database”(IBM service) so we can then
understand problems facing the system , and to explore data in meaningful ways. Data in
itself is merely facts and figures. Data analysis organizes, interprets, structures and

presents the data into useful information that provides context for the data.
So our system is an automated system that is provided for optimizing the collection

process, segregating wet and dry waste and supporting safety conditions. This system

provides an effective solution to the waste management problem.
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2.4 Design options

Our system consists of sensors that monitor waste in real-time using I0T. Sensors data
will be sent through the internet to our microcontroller. Microcontroller then processes
the data and sends messages to the application which alert the responsible staff. Also the

system can detect emergency situations then send an alert to the responsible staff .

In the following sections, we will discuss the different options for the needed

components and the reasons why we chose them .

2.4.1 Hardware components

1. Microcontrollers: There are different options of the microcontrollers that can be used

in our project.
e First Design Option: Arduino UNO

Arduino microcontroller: is an open-source platform used for building
electronics projects. Arduino consists of both a physical programmable circuit
board (often referred to as a microcontroller) and a piece of software, or IDE

(Integrated Development Environment) that runs on a computer.

Figure 2.1 : Arduino-UNO
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e Second Design Option: Raspberry pi :

Raspberry Is a small ,single-board computer ,has a 64-bit quad-core ARMv8
processor and uses a Raspbian distribution of Linux for its default operating
system (OS), the Raspberry Pi computer is essentially a wireless Internet
capable system-on-a-chip (SoC) with 1 GB RAM, connection ports, a Micro

SD card slot, camera and display interfaces and an audio/video jack.

Figure 2.2 : Raspberry Pi

Table 2.2 summarizes the main features that may affect our choice.

Table 2.2 Microcontrollers comparison

Feature Arduino UNO Raspberry Pi

1- Programming Easy Easy

2- Size(mm) 68.6 x 53.3 85 X 56

3- Power consumption(W) | 0.25 1.3

4- Memory size 32 KB 1GB

5- Open source Yes Yes

6-Number of ports 14 depends on the model
7-Cost Low cost Expensive

Chosen Design Option:

We will choose Raspberry Pl microcontroller, because it has a RTOS which we need in

our event driven system.
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2. Ultrasonic sensors

Ultrasonic sensor can measure the distance to an object using ultrasonic sound waves.
An ultrasonic sensor uses a transducer to send and receive ultrasonic pulses that relay

back information about an object’s proximity.

e First Design Option: HC-SR04

+5 V DC Operating voltage, 2 cm to 80 cm practical measuring distance ,3

mm accuracy,$0.55/10 Pieces.

Figure 2.3 : HC-SR04

e Second Design Option: US-100

+5 V DC operating voltage, 2 cm to <=80 cm practical measuring distance, 1
mm accuracy, 9600 baud serial communication, Temperature Compensation

Available in Serial Data Mode , $2.49 /Piece.

Figure 2.4 : US-100
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Table 2.3 summarizes the main features that may affect our choice

Table 2.3 Ultrasonic sensor comparison

Feature HC-SR04 US-100

1- Accuracy (mm) Upto3 UPtol

2- Size (mm) 45x20x15 | 44x26x14
3-Current Consumption (mA) | 15 2

4-Cost ($) 3.95 9.45

Chosen Design Option

We will use HC-SR04 Ultrasonic Sensor. It is cheaper ; also we had used it before so we

know how it works .

3. SIM card modules :

It is used to accurately detect the location of the bin. When the system detects a fire, it

will send a notification from the SMS service to the fire and ambulance vehicle and

accurately detect the location of the fire

e First design option: SIM900A GSM /GPRS/GPS Module

The SIM900A GPS/GPRS/GSM Module is a GSM and GPS two-in-one
function module. It is based on the latest GSM/GPS module SIM900A from
SIMCOM, supports GSM/GPRS Quad Band network and combines GPS
technology for satellites. It has high GPS receiving sensitivity with 22 tracking

and 66 acquisition receiver channels .The module is controlled by AT

command via UART and supports 3.3 V and 5 V logic levels.

Figure 2.5 : SIM900A GSM /GPRS/GPS Module
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e Second design option: SIM5320E

Simcom Wireless's SIM5320E

is a 3G Module. SIM5320E supports GSM,

GPRS, UMTS, EDGE, HSDPA technologies and a maximum download speed

of 3.6 Mbps.

MIC & EPP Interface

Status LED

Figure 2.6 : SIM5320E Module

Open / Close Module Interface

Table 2.4 summarizes the main features that may affect our SIM card choice

Table 2.4 SIM cards comparison

Feature SIM5320E SIM900A GSM /GPRS/GPS
Module

1-Size(mm) 30*30*2.9 24 *24 *3

2-Easy to use Easy Easy

3-Cost($) 20.39 20%

Chosen Design option:

We choose SIM900A module instead of SIM5320E GSM /GPRS/GPS Module since it
contains these technologies 3G module (Which needed for sending data through the

internet) ,GSM, GPRS ,it is also easy to use and smaller .
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4. Motors: it used for segregating wet and dry waste:
e First Design Option: DC motor

Is a two wire continuous rotation motor and the two wires are power and ground.
When the supply is applied, a DC motor will start rotating until that power is detached.

Advantages:

1. Simple, cheap drive design.

2. Easy to control via computer with relays or electronic switches.

Disadvantages:

1. Requires gear reduction to provide torques needed for most robotic applications.

2. Poor standards in sizing and mounting arrangements.

Figure 2.7 : DC motor

e Second design options: Servo motor

Generally, the servo motor is an association of four things, namely a DC
motor, a control circuit, a gearing set, and also a potentiometer, usually a
position sensor.

Advantages:

1. Least expensive non-surplus source for gear motors.

2. Can be used for precise angular control, or for continuous rotation
Disadvantages:

1. Requires modification for continuous rotation.

2. Requires special driving circuit.

e

Figure 2.8 : Servo motor
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Table 2.5 summarizes the main features that may affect the motor choice

Table 2.5 Motors comparison

Feature (DC motor) (Servo motor)

Operating speed (rpm) | Up to 9000 Up to 6.000

Can be used for precise | 180

Angle of rotation
angular control, or for

(Degree) continuous rotation

17 17
Weight(grams)

Low High
Voltage supply
Cost ($) 39.99 30.00

Chosen Design Option

We have chosen the DC motor to segregate wet and dry waste, because it is simple and
cheap motor, it is easy to control the speed and direction, and DC motor responses
quickly to control signals and servo motors do not rotate freely like a standard DC motor

and angle of rotation is limited to 180 Degrees.

5. Motor driver
e First design option : L298N
The L298N is a dual H-Bridge motor driver which allows speed and direction

control of two DC motors at the same time. The module can drive DC motors

that have voltages between 5 and 35V, with a peak current up to 2A.

Figure 2.9 : L298N
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e Second design option:L293D

The employed motor driver module circuit known as L293D motor driver
controller consists of 4 inputs and 4 outputs to control two DC motors. One of
the main facilities of L293D is to provide up to 600mA current at voltage
variation from4.5 V to 36V . The direction of rotation of a DC motor in

forward and reverse can be controlled through combining different input logics.

Figure 2.10 : L293D Motor Driver

Table 2.6 summarizes the main features that may affect the motor driver choice

Table 2.6 Drivers comparison

Feature L298N L293D
Easy to control Easy Easy
Current supply per channel (A) | 0.6 2

Size (mm) 43 x43 x 26 48 x 34 x 14
Weight(gms) 15 30

Price($) 2.99 3.89

Chosen design option

We have chosen the L298N Driver, because it is simple and cheap motor driver, easy to
use it, and The module can drive DC motors that have voltages between 5 and 35V, with

a peak current up to 2A.
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6. Smoke detection sensor:

The fire smoke consists of CO (carbon monoxide), CO2 (carbon dioxide), S (sulfur), NO
(nitrogen oxide) and water vapor. Therefore, smoke detection task can be carried out by

detecting one of these gases
e First design option: Pololu MQ-4

His semiconductor gas sensor detects the presence of methane (CNG) gas at
concentrations from 300 ppm to 10,000 ppm, a range suitable for detecting gas
leaks. The sensor’s simple analog voltage interface requires only one analog

input pin from the microcontroller.

Figure 2.11 : MQ-4

e Second design option: Pololu MQ-9 model

It is a semiconductor gas sensor that can detect the presence of carbon
monoxide at concentrations from 10 to 1,000 ppm (parts per million). The

sensor can operate at temperatures from -10 °C to 50 °C.

Figure 2.12 : MQ-9
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Table 2.7 summarizes the main features that may affect the smoke sensor choice.

Table 2.7 Smoke sensors comparison

Feature

Pololu MQ-4

Pololu MQ-9

Gases that can sense

Natural gas/ Methane

Methane,Propane, Combustible
gas .and CO

Concentration (PPM) 300-10000 (Natural gas / 10-1000 CO
Methane) .
100-10000 combustible gas
Sensitivity Low High
Heater consumption (mW) | <900 <350
Price ($) 4.95 5.95

Chosen design option

We have chosen MQ-4 Sensor because it has high sensitivity, less heater consumption, it

can make detection of the method of high and low Dc Motor 16 temperature. Sensor

detects CO when heated by 1.5V (with low temperature) and detects combustible gases

such as methane, propane when heated by 5V (with high temperature).we will use this

sensor to discover the smoke when the fire starts immediately and help to detect the fire.
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7. Moisture Sensor: used for separating wet and dry waste

Soil moisture sensors measure the water content in soil. A soil moisture probe is made up
of multiple soil moisture sensors.
e First Design Option: Capacitance sensor
Advantages: very accurate, no calibration required multiple output options.

Disadvantages: expensive, can be affected by the environment, limited
detection range.

Ly L=
Ty Ty =

Figure 2.13 : Capacitance sensor

e Second Design Option: Moisture Sensor

Advantages: Simple method of measurement , It delivers the results

immediately,  Offers accurate results, and very low in cost.

Disadvantages: It requires initial evaluation of site specific conditions before
selection of appropriate moisture sensor , It requires probe to be inserted in
the soil. It requires labor to collect the data and maintain the measurement

processes.

Figure 2.14: Moisture sensor
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Table 2.8 summarizes the main features that may affect the moisture sensor choice.

Table 2.8 Moisture sensors comparison

Feature Capacitance sensor Moisture sensor
Accuracy Accurate Very accurate
Calibration May require Not required
Power hungry High Low

Price Expensive Inexpensive

Chosen Design Option

We will choose moisture sensor because they are simpler, so are potentially smaller, less
expensive and less power-hungry.

8. Buzzer

Is an audio signaling device, which may be mechanical, electromechanical, or
piezoelectric Typical uses of buzzers and include alarm devices, timers. When the

system detects the fire, a warning will be issued.
e First design option: Active Buzzer

This buzzer is an active buzzer, which basically means that it will buzz at a
predefined frequency (2300 £300 Hz) on its own even when you just apply
steady DC power.

Figure 2.15 : Active buzzer
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e Second design option: passive Buzzer

It is like an electromagnetic speaker, where a changing input signal produces the
sound, rather than producing a tone automatically.

-

Figure 2.16 : Passive buzzer

Table 2.9 summarizes the main features that may affect the buzzer choice.

Table 2.9 Buzzers comparison

Feature Active buzzer Passive buzzer
Size Small Small
Voltage DC voltage AC Voltage

Chosen design option
We will choose an active buzzer because it just needs to be supplied a DC power and it

does the rest to provide a tone, whereas a passive buzzer needs to be provided a
changing voltage, such as a square wave, to produce sound .

11.Screen
e First design option: LCD

Is a type of flat panel display which uses liquid crystals in its primary form of
operation

Figure 2.17 : LCD
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e Second design option: TFT:

Is a type of LCD with a thin film transistor attached to each pixel. Cost is now
very good; power consumption is fairly good but dominated by the backlight.

Figure 2.18 : TFT

Table 2.10 summarizes the main features that may affect the screen choice.

Table 2.10 Screens comparison

Feature (LCD) | (TFT)

Word spaces Less More

Easy to use Easy Easy

Chosen design option

We have chosen LCD because it's more practical, cheaper , easier to read and can

accommodate a larger number of words.

12. IR Sensor: used for separating wet and dry waste

This device emits and/or detects infrared radiation to sense a particular phase in the
environment. Generally, thermal radiation is emitted by all the objects in the infrared
spectrum. The infrared sensor detects this type of radiation which is not visible to human
eye. An infrared detector is a detector that reacts to infrared (IR)radiation. The two main

types of detectors are thermal and Photonic (photo detectors).
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e First design option: IR module :

The IR sensor module consists mainly of the IR Transmitter and Receiver,
Opamp,

Variable Resistor (Trimmer pot), output LED in brief. IR LED Transmitter. IR
LED  emits light, in the range of Infrared frequency. IR light is invisible to
us as its wavelength

(700nm — 1mm) is much higher than the visible light range .

Figure 2.19 :IR module

e Second design option: Thermal IR Sensor:

The thermal infrared is a sensor measures the temperature of objects without
touching them, by measuring the infrared radiation coming off. Infrared

sensors are used in everything from night-vision to medical diagnostics.

Figure 2.20 : Thermal IR
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Table 2.11 summarizes the main features that may affect the IR choice.

Table 2.11 IR sensors comparison

Feature IR module (Thermal)
Performance | High Low
Speed Fast Slow

Chosen design option

We will choose IR module infrared detectors because it offers higher detection

performance and are faster than thermal type infrared detectors.

2.4.2 Software options:
1. The software that can be used in the project is Arduino software or python.

A. The Arduino integrated development environment (IDE) or Arduino software: is a
cross platform that is written in the programming language Java. It is used to write

and upload programs to the Arduino board. It's flexible and easy to use.

B. Python: The best programming language for Raspberry pi, Python is a wonderful and
powerful programming language that's easy to use (easy to read and write). Python

syntax is very clean, with an emphasis on readability and uses Standard English keywords.

Chosen Design Option:

The software we will use in our project is Python according to the hardware we were

chosen and it's flexible and easy to use.
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2. For application development, we will use these technologies:

A. Blynk Server:

A Blynk server is a program that uses Hypertext Transfer Protocol to serve the
files that form Web pages to users, in response to their requests, which are
forwarded by their computers’ HTTP clients. Dedicated computers and

appliances may be referred to as Blynk servers as well.

B. Blynk application :

Is a new platform that allows us to quickly build interfaces for controlling

and monitoring hardware projects from iOS and Android device. After
downloading the Blynk app, we can create a project dashboard and arrange buttons,
sliders, graphs, and other widgets onto the screen. Using the widgets, we can turn

pins on and off or display data from sensors.

We use these languages for Front and Backend development, because we know how to

program using these technologies.
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2.5 Specification:

The most important specifications of the system design may be:

1. It is employed to browse, collect, transfer information over the net.
2. Data freshness is required.

3. Good detection of the waste type is required.

4. Analyzing sensor data by the microcontroller in order to send the result to the android
application is required.

5. Accepting data by the microcontroller from an android application through the internet
and analyzing these data is required.

2.6 Design constraints:

1. Bad internet connection in some areas, our system will predict the bins' status in these
areas

according to data analysis which is done weekly.

2. The battery should be fully charged at all times in case of any emergencies, so we will
monitor the battery status and assure that before it ends the system will send a

notification to the authority.

3. The need for [system hardware] at each point of work, so we will just consider two
operating

points as a prototype.

4. Different truck drivers may accept the same notification at the same time, so we will
permit one of them to accept the notification and directly prevent the other one. One

of the choices is to choose the nearest and or the one which is not work overloaded.

5. If the assigned work is not completed within a certain amount of time , the work will

be raised again to be re-assigned.

6.In case of internet disconnection , the system will depends on the data analysis to

predict and assign instructions.
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Chapter 3

System Design

3.1 Overview

This chapter discusses the conceptual design of the system, it shows the system
requirement analysis, a block diagram of the system, structural diagram, flow chart,

detailed design, schematic diagrams.

3.2 Detailed system description

The system will utilize ultrasonic sensor to continuously monitor and measure the
amount of waste. Then sensed data will be sent to the microcontroller to analyze it, in
order to know when the trash can is nearly going to be full. In order to send this data
through internet to the cloud, this data will be stored in a cloud , analyzed and give some
suggestions and recommendations to the responsible .The responsible can take actions
and update duties ,schedule and instruct the system and drivers. The system always
guarantees that the trash trucks will be directed only to trash that only has a specific level
of waste in the trash can. The IR and moisture sensor will detect waste type by sending
the data to the microcontroller to identify the waste type and therefore instruct the motor
to segregate it in the suitable can. The system will utilize smoke sensors to detect smoke
to implement the fire detection unit. When fire accidents occur, the smoke rises. The
smoke sensor will continuously monitor all-around of its range to detect any sudden rise
of smoke. If the sensor detects any abnormal parameters, the data will be delivered
instantly to the microcontroller, when fire is detected it will trigger the buzzer to make a
sound. The system will also be able to call the fire station to send them with the exact
coordinates of the location using SIM808 GSM/GPRS/GPS module. The system will
also display the location of the nearest trash can on the screen to the citizens in case the

current one is full.

Furthermore, our system is an event driven system. So depending on the collected and
analyzed data ,the system may be programmed to trigger some events, based either on

some predefined conditions or a feedback.
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The functional block diagram of the proposed system is illustrated in Figure 3.1

WASTE Type
DETECTION UNIT

FIRE DETECTION AND
ALERTING UNIT

WASTE TYPE
DETECTION UNIT

AMOUNT OF WASTE Analysis and instructions
> J( CLOUD
updates
>
FIRE STATUS
> RASPBERRY PI
Sensors processed data
> WI-FI (3G)
WASTE TYPE .
> DRY/WET container
2| MOTOR DRIVER
COMMENTS
and ALARMS
SCREEN

Figure 3.1 Functional Block diagram
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3.3 Schematic diagrams

Hardware system design
1. DC Motor with Driver Controller:
As we mentioned in chapter 2, The L298N motor driver module is powered through 3-

pin 3.5mm-pitch screw terminals. It consists of pins for motor power supply (Vs),
ground and 5 V logic power supply (Vss). As shown in the detail design in figure 3.2 .

Raspberry Pi 3 Model B

L298N Motor Driver
Batterry

Sv IN1 l PIN 11
| =VCC IN2 l PIN13
GND — ‘

OUT1 1298N
OuT2

Raspberry pi model B

UEEETETERERE T

|
|
I

Motor

Figure 3.2:Schematic diagram of DC motor
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2. Smoke detection with Raspberry PI :

The MQ-9 has the ability of detection smoke using the method of making the

temperature cycle high and low.Figure 3.3 shown the detail design with Arduino. This

module has 4 pins. Connect Vcc to 5V and GND to GND. The AO pin returns an analog

value based on the concentration of the gas. The DO pin returns HIGH if the

concentration of gas is higher than a certain value. This value can be set by the

potentiometer on the board.

=g

MOSI f——
MISO — -
SCLK | MEALEN.
. CS0 EJ'ﬁHDNE 1 "\J 8 j Umj
— CHO = CLK
oo | —(]2 © 7 [0—
Raspbersy cpig1o v Dout
FiB . CH1 3 g 6 j_
: Vss AEE 4 E 5 jl:lm
— Output
e MQ
: sV ?— Ve Smoke
Sensor
4 [ GND

Figure 3.3:Schematic diagram of Smoke sensor
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3. Ultrasonic sensor:

The HC-SR04 Provide fast response time, which allows the system to respond quickly to

the changing environments around it, and information about the distance will be sent to

the microcontroller .Figure 3.4 shows the detail design for the ultrasonic sensor.

VCC pin is connected to the 5 V power supply, GND pins are connected to the GND and

the Trig and Echo pins are connected to the digital 1/0O pins as shown in Figure 3.4

MICRO
SD CARD

3.3V)
GPIOZ_|
GPIO3_|
GPIO4_|

GND|
GPIO17]
GPI027]
GPI022]

8.3V
GPIO10]
GPIOg_|
GPIOT1]

GND|

GPIOS|
GPIQS|
GPIO13]
GPIO19_|
GPIOZ6|

o1 20
03 40
05 60
07 80
09 100
011120
013140
015160
017180
019200
021220
023240
025260

CON1
FOR

HC — SR04
SENSOR

0 00O

Vce

TRIG
ECHO
GND

027280 |—

023300
031320
033340
035360
037 380
039400

ETHERNET

RASPBERRY PI

Figure 3.4:Schematic diagram of HC-SR04
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4. Buzzer with Raspberry Pl

Used when the system approaches the fire, a warning will be issued .Figure 3.5 shows
the detailed design for the buzzer. The buzzer has 2 pins, one pin connects to the input
pin of the Raspberry and another pin connects to GND of Raspberry Pl as shown in the

schematic diagram in Figure 3.5

Raspberry Fi
RPL.™ - | |
P02 S0 120 GRID2 5
sl GPI03 SCLL 120 [FTry ) M— E
s— P04 Raspberry Pi GPID1G | m— GND &
GRID17 Model B GRID12 |
e (51027 ID_SC12C 1D EEFROM  Je—
el (5P 10122 GFIOT SPI0_CEL N
— 5] PO SPI0_MOS] GPIOE SPIN_CED N fe—
e (GET00 SPT0_M TS0 GFIOPS fe—
] GPT01 SETO_SCLE [yl M—
e 1053 120 TD EEPROM [F vyl M—
— G105 GPIO1E PCM _CLK fem—
— P0G GPIOLS UARTO_RAD e—
e— P01 GPIO1S UARTI_THD | e—
— [ ]S
GRID?G
2

Figure 3.5: Schematic diagram of Buzzer

43




5. Moisture Sensor with Raspberry PI :

Used in our project for segregate waste depending on their type (either wet or
dry),Connect the VCC pin to 3.3 V of Raspberry Pl and GND to GND. Similarly,
connect the Analog output pin to the AO pin of the raspberry. As shown in figure 3.6

I % 10k
1

I -
L]
33w Sw SND
GPIO04
— VT
Digltal signal
. Soil Moisture sensor
Raspberry pi 1
e GMND
GHND

Figure 3.6: Schematic diagram of Moisture sensor

6. LCD with Raspberry Pi :

We used LCD in order to display the location of the nearest trash can in case the current
one is full. The interfacing between the Raspberry Pl and LCD is shown in figure 3.7
.By connecting VDD of the LCD with the 5V of the Raspberry Pl , Connect the two
ends of potentiometer to GND ,D4 with GPIO13 , D5 with GPIO6, and VSS with the
GND of the Raspberry Pi .

01
BC327-25

1
L GND
s
~ =z e 1
[Ts] > vSsS —
RASPEERRY-PI_REV1 8 3 vee
26 25 =] S a | YO
o] GPIO7,SPI0_CE1 GND B 2 =2 5 RS
55| cpPios.sPio_cEs GPIG11_SCLK |27 = 1 PW |=
£ criozs GPIO9_MISO  [—<= o~ - E 5
<5 sno GPIO10_MOSI [—= 1c1 v w ——{ beo K
46 GpPlo24 V3 == 4 —— DB a
-—=— GPIO23 GPIO22 |2 VDD —=— pB2 o}
2 ono orioz1 2 e 4 10 ez |2
26— sprots GPIO17 [T = wT PO = 12| DB4 &
5| GPIO15UARTO_RXD GND |- e P12 = ©Des 2
—— SPIO14.UARTO_TXD Grioacgeciko (- | —7] sba P2 |3 12 pes |-
=—| GnD GPIO1,12C0_SCL  [— i SCL P32 15| DBer
— sv GPI00,12C0_SDA 7 ) il 1] LEDA
5v ava - Ao P5 LEDK L—
2l a1 ps HI
us2 3 A2 P7 12 LcD1

PCFg8574P

GND
GND GND

Figure 3.7 : Schematic diagram of LCD screen.
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7. 3G SIM with Raspberry Pi :

We use the SIM5320E module, for identifying trash can location and to connect the
system to the internet in order to send data and save the data on the server to be used
later in the web application. The SIM module has an UART (TX) which connected to
D1(TX) of the Raspberry Pl and UART (RX) which connected with DO(RX) of the

Raspberry Pl as shown in figure below.
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Figure 3.8 : Schematic diagram of SIM module.
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Software design:

Our waste management system will be associated with web applications. This
application will receive all system data which contains trash can status, locations of trash
cans, locations of drivers, and extra information needed to be saved .The application
functionality is to send notifications and requests to the drivers in case there is a need to
empty the trash cans. Also, one of the main functionalities is to send notifications and
alarm to the firefighting authority in case a fire accident happened. The application can
display a map of all driver locations in real time. The application provides each driver
with his own account which contains all of his information including name, efficiency
and the amount of work that is assigned to him. All the drivers' data will be available on
the admin account which represents the authority account. In case the driver does not do
the required work, the application will send a notification to the admin account
associated with the name of the driver to make a proper load balancing when assigning

jobs.

3.4 Flow chart: Figure 3.9 represents the flow chart of system activity

/ READ SENSORS

SEND DATA TO THE MICROCONTOLLER

¥

l ANALYZE SENSORS DATA l

v

9,
~

SEND THE ANALYZED DATATO
“FIRE DETECTION “ MODULE

SEND THE ANALYZED DATATO
“BIN STATUS “ MODULE

SEND THE ANALYZED DATATO
“WASTE TYPE DETECTION “ MODULE

>

Figure 3.9 system activity flow chart
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Figure 3.10 represents the flow chart of the “bin status” module

Check
threshold level

Send data to server

v

Send dust bin location
Admin

¥

Allocate location to

driver

¥

Update data to server

Figure 3.10 ‘bin status’ module flow chart

Figure 3.11 represents the flow chart of the “fire detection” module .

If fireis
detected

Buzzer

v

Send notification to firefighting

Figure 3.11 ‘“fire detection’ module flow chart
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Sensors

Figure 3.12 represents the flow chart of the “waste type detection” module.

¥

Put into wet waste container

Wet

Dry

Put into dry waste container

Figure 3.12 ‘waste type detection’ module flowchart

3.5 Sequence diagrams

The sequence diagram describe event

driven system workflow. A sequence

diagram shows, as parallel vertical lines (lifelines), different processes or objects that
live simultaneously, and, as horizontal arrows, the messages exchanged .Sequence
Diagrams are time focus and they show the order of the interaction visually using the
vertical axis of the diagram to represent time what messages are sent and when.

Figure 3.13 represents “System activity Sequence diagram”.

RASPBERRY GPS SIM o rens
Responsibilities
PI BUZZER Motor module module
L Sensing data transmission J-
> Process data
E Send
Send
alert
Fire detected ;
— >[ locatio Activate message
- { s
>
Waste detected Left
>
Right
—

Figure 3.13 ‘System activity’ Sequence diagram
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Figure 3.14 represents “System workflow Sequence diagram .

i
1. Sensing Data }
Transmission 2. processed Data
» Transmission
o
3. Data analysis &;processing
i
4. Autonomous context aware service l-
5. Data storage
T T T
i i i i

Figure 3.14 <System workflow’ Sequence diagram

Figure 3.15 represents “Admin activity Sequence diagram”.

Admin Cick On il The

- 3

Driver added

Figure 3.15 ‘Admin activity’ Sequence diagram
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Chapter 4

System Implementation and Testing

4.1 Overview

This chapter introduces the description of the implementation, implementation issues,
and implementation challenges and description of the methods used to validate the
system and validation results

4.2 System implementation

This section will provide some information about the hardware and software

implementations done through our project:

4.2.1 Software implementation
Raspberry Pi (Python IDE):

We used thony python ide for code implementations using python language. The code of
all hardware components and sensors and their interfaces are written through the use of
many python functions and libraries. We needed to download LCD 12C,pynmea2
libraries for LCD and GPS respectively .

Platforms:
Windows, Android, Raspbian.
Front End : Blynk, Node red.

Back End : Blynk Local Server, Javascript, Python, Node red.

- Blynk :- It is a hardware-agnostic 10T platform with customizable mobile apps,
private cloud, rules engine, and device management analytics dashboard.

- Blynk Server :- is an Open-Source Netty based Java server, responsible for
forwarding messages between Blynk mobile application and various microcontroller
boards and SBCs (i.e. Arduino, Raspberry Pi. etc.).
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Flow of software process

identify the exact event that must be triggered .Then a suitable python script executed.

Node-RED :- is a flow-based development tool for visual programming developed
originally by IBM for wiring together hardware devices, APIs and online services as
part of the Internet of Things. Node-RED provides a web browser-based flow editor,

which can be used to create JavaScript functions.

We received our data from all sensors then processed these data through Node-RED to

After that, the result is sent to the server(raspberry(local server)) through Node-RED.
Our Blynk application sends requests to the server to get updated results. Finally the

application views these results in the widgets.

The software flow is shown in figure 4.1

/ Read Sensors data /

+

Send data to the Mode-red

v

Select suitable python script

.

Analyze sensors data

.

Send the analyzed data to IBM
cloud

!

Store data in “cloudant”
database

!

View results in the application

Figure 4.1 Software flow
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4.2.2 Hardware implementation

Starting with Raspberry Pi, we successively connect the other system components as

follows:

1. We connect Raspberry Pi with three ultrasonic sensors, compute distances. The first
one is used as feedback to detect if the trash bin is opened or closed by calculating the
distance between the top of the bin and its cover. The second ultrasonic sensor is used
to detect if the wet trash bin is full or not and the third one is used to detect if the dry
bin is full or not.

Result:
The three ultrasonic sensors enable us to identify the trash bin status if it is full or
empty for both parts dry and wet, also if it is opened or closed .

2. We connect the raspberry pi with the moisture sensor in order to detect the waste type
(dry or wet) by comparing the reading value with the threshold one ,then waste type is
sent to the microcontroller in order to identify motor direction.

Result :

The moisture sensor identifies waste type then the value is sent to the microcontroller

3. We connect Raspberry Pi with motor driver L298N, in order to control motor speed
and direction. We connected the input pins of the motor driver using the digital pins in
the raspberry pi microcontroller, then we connected the output pins with the DC
motor.

Result:
The L298N motor driver control the DC motor, which allows the motor to move left

or right .

4. We connect Raspberry Pi with smoke detection MQ, to detect the smoke fire. The
sensor simple digital voltage interface requires only one digital input pin from the

microcontroller.

Result:
The smoke detection MQ succeeded to detect the smoke fire by taking the
concentration readings of the smoke and compare it with the threshold value. Then

if the reading value is greater than or equal the threshold one the buzzer start and
notification will be sent.
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5. We connect Raspberry Pi with buzzer , issuing an alarm.

Result:
The buzzer produced a warning sound , when the fire detected

6. We connect Raspberry Pi with sim900A GSM/GPRS module, in order to connect the
raspberry with 2G internet and to send messages and notifications .

Result:
The sim900A GSM/GPRS enables the hin to be connected to the internet and send
messages .

7. We connect Raspberry Pi with GPS module, in order to identify the bin location.

Result:

The location of the bin is being identified using the GPS module by giving the latitude
and longitude values.

8.We connect Raspberry Pi with LCD to display the nearest location of the bin.

Result :
The LCD display the nearest location when the current one is full.

4.3 Implementation Issues and challenges

4.3.1 Hardware Issues and challenges

During the course of the project implementation, we faced many obstacles and had to
take several issues to reach to the most suitable design of the system and reach the best
properties. Related to the project’s aims. We summarize these issues and results as
follows:

1.When we started with the raspberry pi it was hard to work with it since it needs a
monitor, keyboard and mouse in order to view the desktop screen and start work with
it, that means that we can’t work from home so we need to work in the university all

the time.

Solution : We connected the raspberry with laptop through Ethernet cable then using
SSH and VNC server to control the raspberry remotely from laptop through VNC

viewer.
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2 .We faced many issues with most of the components that we use in the system since
it is not fully compatible with raspberry pi .
Solution:
We use other helpful components which made the raspberry support these

components.

3. We faced trouble while testing the Dc motor movement. The DC motor was not
working correctly. At first, we thought that there was a problem with the DC motor,
and we must change it to a stepper or servo motor to get the exact speed and angle of
movement .

Solution:
We tried changing the delay and PWM . After several time of trying we got the
suitable angle and speed.

4.3.2 Software Issues and challenges

Many issues were faced during system implementation, such as:

1. Firstly we intend to build a flutter framework in order to build an android application,
but after a long time of coding we realize that it needs much more time to build an
application from scratch.

Solution : while we were searching for a way to build an 10T application in a short time
we figured that we can use blynk application with node red IBM cloud which is event

driven service which is really compatible with the needs of our system.

2.When we decided to download the blynk application we figured that that application is
not available in our country , and we can’t download it.
Solution: We download a VPN application which allows us to change our location to the

United states .Then Google play made the blynk application available to be downloaded.

3.We faced a very big problem with blynk server which is that the blynk server gives
limited free storage and we need to pay in order to get more space .

Solution : After searching how to get more free space in blynk server we found that we
can use our raspberry as a local server with enough storage space and more features like
getting an admin panel , adding more users which mean we can add more drivers ,

authorities and stay control of all of their data.
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4.4 System Testing and Validation

4.4.1 Hardware Testing

1. Motor test :
Firstly, we tested the motor with L298N motor driver and connected it directly with
Raspberry Pi .The motor moved right or left in order to put wet waste to the wet bin or

to the dry bin .As shown in figure 4.2 and result shown in figure 4.3.

Figure 4. 2 : Test Motor with L298N driver

Shell

The default speed & direction of motor is LOW & Forward.....
r-run s-stop f-forward b-backward l-low m-medium h-high e-exit

r
run
forward
b
backward
high

£
forward
Tow

£
forward

backward

m
medium
£

WS Ferward
2]

| tow -

Figure 4. 3 : Result of Motor with L298N driver in Shell
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2. Smoke sensor testing:

To test the response of MQ Smoke Sensor, we connect it with Raspberry Pi as shown
in Figure 4.4, 4.5 . Result of MQ print on the shell in Figure 4.6, and Figure 4.7 .

-c> REOMI NOT
D Al QUAD CAM

- REDMI NOTE O
S Al QUAD CAMERA

Figure 4. 5 : Test smoke sensor

Shell
>>> %RuUn gas sensor.py

gas exist
buzzer turned on

233

Figure 4.6 : Result of smoke sensor in shell

Shell

»>>> %Run gas sensor.py

gas doesn't exist!
buzzer turned off

Figure 4.7 : Result of smoke sensor in shell
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3.Ultrasonic sensor Testing:

To test the distance that Ultrasonic sensor measures , we connect it with Raspberry Pi as
shown in Figure 4.8, 4.9, 4.10 and 4.11 .We connect it with four LEDs in order to detect
the response where the red one indicates very small distances(bin is full) , the yellow one
indicates the small distances(bin is nearly full),the green one for medium distances (bin
status is medium) and the yellow one for large distances(bin is empty).The distances of

Ultrasonic sensors print on the shell as shown in Figure 4.12.

Figure 4.8 : Test Ultrasonic sensor

Figure 4. 10 : Test Ultrasonic sensor
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@O REDMINOTE 9
OO Al QUAD CAMERA

Figure 4. 11 : Test Ultrasonic sensor

5

»»> %Run distance sensor.py

calibrating.....

Place the object......
distance: 13.49 cm  Orange_LED
distance: 7.41 cm  Red_LED
distance: 12.86 cm  Orange_LED
distance: 32,21 cm  White_LED
distance: 33.26 cm  White_LED
distance: 11,64 cm  Orange_LED
distance: 22.9 cm  Green_LED
distance: 13.18 cm  Orange_LED
distance: 9.83 cm  Red_LED
distance: 13.31 cm  Orange_LED
distance: 14.61 cm  Orange_LED
distance: 13.33 cm  Orange_LED
distance: 9.31 cm  Red_LED
distance: 12.59 cm  Orange_ LED
distance: 13.02 cm  Orange_LED

{Python 3.7.3 (/usr/bin/python3) .

Figure 4. 12 : Result of ultrasonic distance in shell
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4. LCD Testing :
To display the location and bin status , we connect the LCD with Raspberry Pi as shown
in Figure 4.13 and Figure 4.14 .

@O REDMINOTE 9
CO Al QUAD CAMERA

Figure 4. 13 : Test LCD

- REDMI NOTE 9
£ Al QUAD CAMERA

Figure 4. 14 : Test LCD
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5. Moisture Sensor Testing :

To measure the volumetric water content which mean the waste is wet . We connect it
with Raspberry Pi as shown in Figure 4.15 and Figure 4.16 . And the result of the
moisture sensor is shown in Figure 4.17 .

Figure 4. 16 : Test Moisture Sensor

ol

»»> %Run moisture sensor.py &

Wet Waste!
dry Waste!
Wet Waste!
dry Waste!
Wet wWaste!
dry Waste!
Wet Waste!
Wet Waste!
Wet Waste!
Wet Waste!
Wet Waste!
Wet Waste!
Wet Waste!
15 et uaste!
|| Wet Waste!
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Figure 4.17 : Result of moisture sensor
6. Touch Sensor :

The connection between it and Raspberry Pi is shown in Figure 4.18 and Figure 4.19 .

The result is shown in Figure 4.20 .

Figure 4. 18 : Test Touch Sensor

& REOMINOTE 9
L= Al QUAD CAMERA -
—

- REPMI NOTE 9
SO Al QUAD CAMERA

Figure 4. 19 : Test Touch Sensor

No Waste |
No Waste

No Waste

No Waste

No Waste

No Waste

No Waste

Dry Waste

Dry Waste
Dry Waste
Dry Waste
Dry Waste
Dry Waste
Dry Waste
Dry Waste
Dry Waste
Dry Waste
No Waste

Mn Misctn ha

Figure 4. 20 : Result of Touch Sensor in shell
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7. GPS Module :

We interface the GPS module with the raspberry pi by connecting the transmit pin of
the GPS with the receive pin of the raspberry as shown in figure 4.21. The GPS module
takes nearly an hour to fix the satellite position . The result of latitude and longitude

values is shown in figure 4.22.

Figure 4. 21 : Test GPS module

Figure 4. 22 : Result of GPS module
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4.4.2 Software testing:
Our system is primarily an event driven system , for this reason we used Node-RED for

wiring together hardware devices, APIs and online services .

Using the Blynk control panel we can give multiple users the access for the raspberry
server(blynk local server) . Which means in our system we can add multiple drivers and

give them the access for the bins data and status as shown in figure 4.23.

Blynk Administration

Users list ®Egon

= conf

O Email AppName # of Projects LastModifiedTs

berry4@gmail.cor Blynk 4 2020-11-23 15:47:48
(] Blynk 3 2020-11-11 22:25:06
Blynk 0 2020-11-11 10:56:20

1-30n3

Figure 4. 23 : Blynk control panel

Using the blynk server we can also know the IP that the raspberry pi have and who the

users are having access to its data .

I P LlSt ® Export
Q
id Ip Name Type
3 192.168.0.101 sallyimwas@gmail.com-Blynk app
1 192.168.0.105 myraspberry4@gmail.com-Blynk hard
4] 192.168.0.101 myraspberry4d@gmail.com-Blynk app
1-3o0on3

Figure 4. 24 : Blynk control panel
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We created the system flow on Node-RED .Where each event triggers a specific node to

execute a suitable python script.

The wet bin work flow is shown in figure 4.25.

g Send status [ r—— &

Figure 4. 25 : Wet Bin workflow

The dry bin workflow is shown in figure 4.26.

@ connected to pin V2

' Activate/Deactivate (—— Red Led
L L
[ A 8 T
) Activate/Deactivate (——)  Green_Led
. . —
—_— - | L
Dry US (% :
P - :E Send status ~ ( ———(
' @ connected to pin V3
l(: Send status (=i [-_;T

® connected

Figure 4. 26 : Dry bin workflow
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When the bin is opened ,the system starts detecting waste type and motor starts ,so the
bin status (closed/opened ) , the DC-motor , moisture sensor and touch sensor workflow
is shown in figure 4.27.

® connected

0

) Send status ® Standby
e|as

Figure 4. 27 :Bin status and waste detection workflow

The gas sensor -buzzer work flow is shown in figure 4. 28

FEI check fire & q.—

Figure 4. 28 : Fire detection workflow

The GPS workflow shown in figure 4. 29

e -<-

. conpectad to pin \

Figure 4. 29 : GPS workflow
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In order to test the workflow of our system ,we should see what result it gives and how

the communication process is being done between the microcontroller , Node-RED

,Server ,sensors, and blynk app .
We first designed a widget for each bin ,also a GPS and notifications widgets in order to

test the final results .
The widgets are shown in figure 4.30.

Figure 4. 30 : Wet /Dry bin widgets

1-We tested the three ultrasonic sensors-Node-RED-Server-Blynk app communication.

The result of the wet bin ultrasonic sensor is shown in figure 4.31.

Figure 4. 31 : Wet /Dry bin widgets
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The result of the dry bin ultrasonic sensor is shown in figure 4.32.

Figure 4. 32 : Wet /Dry bin widgets

The result of Bin status(opened/closed) feedback notifications is shown in figure 4.33

nai % .l 71% 8 10:44 a.m T Ll 71% M 10:44 a.m.

Bin is open Bin is Closed

Figure 4. 33 : Feedback notifications

2-We tested the gas sensor-Node-RED-Server-Blynk app communication.
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The result of gas sensor for fire notification is shown in figure 4.34

E T Ll 72% W 10:36 a.m.

Dry bin status

gas exist
buzzer turmed on

Figure 4. 34 : Fire notifications

3-We tested the system offline notification .

The result of system went offline notification is shown in figure 4.35

WE T al 72% M 10:36 a.m.

Dry bin statu

Your New Device went offline.

OK

Figure 4. 35 : System status notifications
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4-We tested the GPS-latitude -longitude values widget as shown in figure 4.36.

Atlantic

Figure 4. 36 : GPS result widget
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4.4.3System Testing

We have three modules which need to be tested :

A. Bin status module Test:

Measuring bin level tested using two ultrasonic sensors. One sensor for each bin ( dry
/wet), two LEDs for each bin ( red/green) and a suitable widgets on the blynk application
which view the status as a user friendly interfaces.

Results:

The ultrasonic measure the waste level. Depends on the level it activate either the red
LED or the green one. The microcontroller updates the sensor data on the cloud and the
blynk application accordingly.

B. Fire detection module Test:

The fire detection capability of the system was tested using MQ sensor and buzzer , also
the SIM and GPS module.

Results:
The MQ sense the fire immediately and then activate the buzzer , sending a notification

with location information through the SIM module to the responsible authority.

C. Waste type detection module Test:

The Detection of waste type tested through an IR sensor and moisture sensor fixed on a

robust carrier which hold the waste on the motor arm.

Results:
The placed waste was detected by the IR sensor, then the moisture measure its humidity
to identify its type either wet or dry .Finally, the motor move the waste to the suitable

place.
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4.5 Implementation Results

By the end of the implementation process ,we combined all the components with each
other to get the final IOT based waste management system. We connected the Battery,
LCD, SIM900A, the gas sensor, raspberry pi, Ultrasonic,L298N motor Driver and the
DC motor. The final connection of the system is shown in Figure 4.37, 4.38.

Figure 4. 37 : Implementation result

Figure 4. 38 : Implementation result
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Chapter 5

System analysis and Discussion

5.1 Overview

This chapter introduces system functionality ,the added features which distinguish our

0T smart bin from other systems .

5.2 System functionality
This section will provide some information about the workflow of our smart bin .
5.2.1 Bin Design

Our smart bin is designed to recognize different types of waste. A smart system
positioned inside the container uses sensors to segregate waste depending on their type
either to the wet bin or to the dry one .It consist of 10T enabled sensors, which work as
real- time indicators to determine if the bin is full or not , and help to customize the
waste collection schedule accordingly. It has a SIM/GPRS module which allow the
system to send data and receive instructions through the 3G internet. Also the system is
supported with a GPS module which help on the fire detection procedure by identifying

the exact location of the bin.

5.2.2 Bin Work principle

First, the waste is placed into the container, then the IR sensor detect if an object is
placed ,when the object is detected the moisture sensor is enabled to measure the placed
waste humidity , if it has a humidity greater than the threshold value , then the waste is
identified as wet , if it is less than the threshold it’s identified as dry. After identifying
waste type, the microcontroller will instruct the motor to move either right to the wet bin
or left to the dry one. The ultrasonic sensor will measure the bin level ,then the

microcontroller will update bin status in the cloud accordingly.
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5.3 Added features

This section will introduce the features that distinguish our 10T based waste management
system.

1. Real time operating system

In our system, the tasks need to appear to be executing at the same time or concurrently,
the use of a Real Time Operating System makes sense. A Real Time Operating System
can have multiple tasks simultaneously in memory and can switch between them based

on events and priorities.

We Used Raspberry piasaRTOS inour loT based system where the status and data
changes from second to second depending on different events , where almost more
than one event may occur simultaneously. Therefore a RTOS that rapidly switches
between individual programming threads, giving the user the impression that there are
multiple programs being executed simultaneously on a Central Processing Unit (CPU),

as a CPU can only execute one task at any one time .

2. Distributed system

The trash bins are distributed in the cities , for nearly one bin for each street , every bin
has its own data ( location , status ). Some of these bins are getting full quickly and
others may stay empty for days, depending on population density and other factors.
Some of these regions have a good internet connection ,but others may not. So the need
for a distributed system appear as a good solution in this case ,where each street has its
own smart bin with its own data and events which needed immediate instruction when
it is happened ,So in the distributed system there is no need to wait for your turn to get
the instructions and the internet connection problems will not obstruct the system
operation since the system get the instructions immediately from its own microcontroller

On the other hand ,the event driven system produce data continuously , so there will be
a huge amount of data , and these data need to be processed in order to identify the
suitable action and trigger the suitable component immediately, if we send all the bins
data to the same microcontroller through the internet , a clear problems will appear ,
the first one is the internet connection which in not stable all the time ,the second one is

the huge load on the main microcontroller to process all the requests in a small time.
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Finally, the efficiency problem since the disposal time takes just one second from the
citizen, if the previous disposal is still not processed this will definitely cause a problem.

The distributed system gives the possibility of adding more bins easily when needed.
These bins are connected with a unified database which allow them to communicate and
share data with each other. Any failure of any trash bin does not affect the system ,other

trash bins can still communicate with each other in distributed manner..

3. Data analysis

loT and data remain intrinsically linked together. Data consumed and produced keeps
growing at an ever expanding rate. The data generated from 10T devices turns out to be
of value only if it gets subjected to analysis. By using data analysis we can examine big
and small data sets with varying data properties to extract meaningful conclusions and
actionable insights. These conclusions are usually in the form of trends, patterns, and
statistics that help in proactively engaging with data to implement effective decision-

making processes.

Our 10T based waste management system is an event driven system. Every new event
produces new data .These data need to be managed ,processed , analyzed and stored in

order to optimize operations at all levels, and improve decision making .

As we already use Node-Red as our event processing platform , we need a compatible
platform with Node-Red in order to receive the data to be analyzed later , for this
reason we use IBM cloud loT which provides a set of IBM Cloud services as a single
IBM-managed SaaS offering that enables us to collect ,process and analyze system
data.
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We used multiple IBM cloud services which includes :

1- IBM Watson 10T platform

From chip to app to cloud , is a fully managed, cloud-hosted service that makes it

simple to derive value from Internet of Things (I0T) devices. We can simply register
and connect raspberry pi as a device to Watson lIoT Platform and start sending data
securely up to the cloud using the open lightweight MQTT messaging protocol. We can
set up and manage our device using an online dashboard or secure APIs, so that we can

access and use our live and historical data.

® sallyimwas@gmail.com ®
ID: fvm701

n Device Types Interfaces Add Device 0

2 Devices

asummary of all devices that have been added.

IBM Watson IoT Platform

Boards

Devices

Members

Apps

Access Management]

Usage organized, and searched on using different
arted, you can add devices by using the Add

Security by using APL

Figure 5.1- IBM Watson loT platform
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2-1BM cloudant database

IBM Cloudant is a fully managed JSON document database that offers independent server less
scaling of throughput capacity and storage. It is a distributed database that is optimized for handling
heavy workloads that are typical of large, fast-growing web and mobile apps. Available as an SLA-
backed, fully managed IBM Cloud service, Cloudant elastically scales throughput and storage

independently.

Data... Database name ~ &, Create Database ‘ i ‘ ‘ a2

Monitoring

Your Databases

Name Size # of Docs Partitioned Actions
Replication
=0
a=-r
nodered 90.6 KB 10 No
Active Tasks T}
Account e ﬂ
smart 205.6 KB 391 No a
Support
50
o=
Documentation status 0.9 MB 1320 @ No &

-8 |BM Cloudant
Showing 1—4 of 4 databases. Databases per page 20 « 1 »

Figure 5.2- IBM cloudant database

3-IBM Watson studio

IBM's integrated hybrid environment that provides flexible data science tools to build,

prepare ,analyze and visualize data.

= IBM Cloud Pak for Data All (3‘ < |‘1 Sal

Add to project +

Projects / smart-dust-bin

T B+ Launch IDE v

CQverview Assets Environments Jobs Access Control Set

Q What assets are you looking for?

v Data assets New data asset +

0 assets selected.

Created Last

[] Name Type by T modified
Sally Dec 24,2020
01 £ £l
[ 8§ smar DataAssel  Manasrah 06:11 PM
y Sally Decl16, 2020
01 s R
O 8% Bin_status Data Asset Manasrah 02:58 PM @

Figure 5.3: IBM Watson studio
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Every event driven system need a real time data presentation which provide a good
view about system correctness . IBM loT platform provide us with a real time boards

which presents the system workflow as a charts shown in figure and 5.

IBM Watson IoT Platform

Usage Overview

5 manufas =

chart 5.1: Real time chart for CPU temperature
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B =
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B =

o
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20 -

10 =

o
-~ T —T—r—T T T L ' e

Event Datapoint Valuo
avent date 2020/12)7
event Tirme 12:58:53 P+
ovent location Wad alhariya
avent binStatus empty
svent binTypo Dry
VRN Lol s

chart 5.2: Real time chart for Bin status in ‘Wad al hariya’

77



Historical data enables the tracking of improvement over time which gives key insights.
These insights are essential for driving a system. For this reason we use the IBM

cloudant database in order to record all the system data to be analyzed later .

i D [0 - o Cprasa e B3 ‘.
°le I wron ] (@] =] |
Aot - T - S ik - dack - b -
(= R W Futi Juhidle OB P
[+ ] CF My Mahis s Wl L EL G P
0 B Mener ke Wi L] ANHWLLY 1CRAGD PR
0 By Hanes' Sgears W Fuli Hih L4 130000 M
1 Wy Maisiia fapaira Wml Full LR T B A 1 0SS A
0 B MHener o Wl ady ikl b A 1HROD PR
0 B Menes' kg W ey 1R D I0000 P
(= L L Ty Hrhirll? Ahirdd Frd
[ By Manes' bgsam Wl wrphy AR DInDG PR
0 B My lgam Wi wmehy HHWLLT (o O
T By M bpeas L) Ty Jrhinly? CErDorl FRE
Shoming 3 ol 11 ooy, O] Sredw Bl cobamra, Shesnpdooument 101 v . EoulTeetil i Rl 100 * 4 »

Figure 5.4 : cloudant database records

We had created several tests to see how the system act . Then we analyzed the data:

Test1:
Sending CPU temperature from raspberry pi continuously to the 'IBM Watson loT

platform’, and check if the temperatures are stored in the ‘cloudant ‘ database .

Result : as shown in chart 5.3, the data has been stored in the ‘cloudant database’ ,and

we can view the historical data as a descriptive chart .

Device temp status

Eermp dube
4 20329/232/2

r v T
ﬂ._gz-.':ﬁ 410550 44030B La0aBh LapeAft La0ed0 LagefR Lg0a2f L agmdl L apel?

g

chart 5.3: Raspberry pi CPU temperature
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Test 2 :

We suppose that the system located at ‘Al Manara’ square’, and we test the system
behavior for a week starting from 1/12/2020 at 12PM-12AM.
As shown in chart 5.4 ,the wet bin of ‘Al Manara’ square’ needed nearly three days to be

full .As chart show , the bin status changed from empty to full in 3/12/2020, the same

for 6/12/2020.
Wet bin status for Manara' square
BinStatus
fall . : a O de wWadathari., | Ory

=mpty a . @& . @« . & . & " .0

1 T 3 4 % &
.m-gl:lllﬂ .1,;;,-1EI13'| .lu-;_ulﬂl .14;,1';‘1[1“ 1.;:,-;_tl-l'l-?' w-;ﬂl!lﬂ imulﬂn
date

———= m = ==l

chart 5.4 : Wet bin status for ‘Al Manara’ square’

To take a deep view of what happened we have a chart which describe the bin level for
each day. As shown in chart 5.5, the wet bin level reaches nearly 40% of its capacitance

in the first day , 80% in the second day, and get full on the third day.

Wet bin level for Manara' square

level
200 g - - oo T el
: : l : : : ! : : @ Manara'Sq.. ] We
B e e . LA RELLILE Y Rl PAEALL : o Wadalhari. @ Ory
PR P
L
4 - - - =
°1 @ ° ®
a0 4. @ L. '-_'.‘_;'_J
o : ' . ; g : Z —
1 z 3 & 5 b 1
20200331 502013215 001322 5001821 0201321° 50013 21° g0
date

date
chart 5.5 : Wet bin level for ‘Al Manara’ square’
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The bin status for ‘Al Manara’ square’ in the first day, and how the level changes hourly,

is shown in chart 5.6,

Wat bin stalus for Manara' syuare (Day 1)

EinStatus

- T S S ol p——
ful % @ 020122
' ' ! B 202120
: : : : R @ 02002
v e 0.0 0.0 0.0 0.0 0.0 0 0 \H @ 002
: ! ] @ 22
' " o @M @ LmD

0™ ™ ™ ™ ™ ™t

o Wadalkai,

chart 5.6: Wet bin status Day 1

The bin status for ‘Al Manara’ square ‘ in the second day, and how the level changes

hourly, is shown in chart 5.6

Wet bin stalus for Manara' square (Day 2)

L TH

1 | | | | ! ! liel B 012
bl E E | | E - " g
: : : ' ' Lo @ o2
B 230
wo--oooooooooo v o e
@ iz
MM Mt o 'rrt " 0 reawse. @ 2200

..;uuﬂ“ 131':'0 pﬂ'ﬁw [,(,Uﬁw E!'ww .IEUDUJ ﬂuﬁ] i Wedalkari

time

chart 5.7: Wet bin status Day 2
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The bin status for ‘Al Manara’ square’ in the third day, and how the level changes

hourly, , is shown in chart 5.8. Also we can see that it got full at 4:00PM

Wit bin slalus for Manara' squarng (Diy 3)

B

: : : : : el
o 000000 O0GOOO ““
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o™ o™ et e et ™ et i

o Ve alhan
Dimag

chart 5.8: Wet bin status Day 3
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In the chart below , we have the level per-day for wet bin in ‘Al Manara’ square’ .

As shown, the level in the first, fourth , and seventh day the bin level is about 39%,

where the bin level in the second and fifth day it is nearly about 80%, and in the third

and sixth day it got full at 4:00-8:00PM.

level par-day for Wet bin in Manara® square

ikl

chart 5.9: level per-day for wet bin in ‘Al Manara’ square’
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The second part of ‘Al Manara’ square ‘ bin is the dry bin , we do the same procedure
which had been done for the wet bin and we got the result shown in chart below.

Which showed that the dry bin needed nearly five days to be full.

Dry bin level for Manara' square

Ll
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chart 5.10: Dry bin level for ‘Al Manara’ square’

In the chart below , we have the level per-day for dry bin in ‘Al Manara’ square’, and
we see that the level in the first, second, third , sixth and sevnth day is about 40%,
where the bin level in the fourth day is nearly about 55%, and in the fifth day it got full
at 8:00-12:00 AM.

level per-day for Dry bin in Manara' square
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chart 5.11: level per-day for dry bin in ‘Al Manara’ square’
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Test 3:

We suppose that the system is located at “Wad al hariya’ , and we test the system

behavior for a week starting from 1/12/2020 from 12PM-12AM .

As shown in chart 5.12 , the bin status changed from empty to full in 4/12/2020,s0 the wet
bin of ‘Wad al hariya’ needed four days to be full .

Wet bin level for Wad al hariya

level
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chart 5.12: Wet bin level in ’ Wad al hariya’

In chart 5.13, we have the level per-day for wet bin in ‘Wad al hariya’ , and we see
that the level in the first, second is about 20%, where the bin level in the third day is

nearly about 80%, and in the fourth day it got full at 10:00-12:00 AM.

level pee-day far Wet bin in Wad alhariya

el dale
10 4
— s . . & 20201211
By — N i — . T s 4 2020/122
& & 2020/12(3
an 3 202073204
e & 2020128
E i—i""..'r.— o
= = = + + + + N + 2020/12/%
e
a . . . . ; - . * 2020/22/7
A P A P i oM s i oy B
.;,-t.nd-\ i‘.a..c.-nu'v" ,u.,-tl:.-.'.ﬂ'ﬁ P oo il ﬂ..-l..,_,':l
Time
2 3

chart 5.13: level per-day for wet bin in ” Wad al hariya’
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The second part of ‘Wad al hariya’ bin is the dry bin , we do the same procedure
which had been done for the wet bin and we got the result below which shown that the

dry bin needed nearly two days to be full.

Dry bin level for Wad al hariya
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chart 5.14: Dry bin level in’ Wad al hariya’

In chart 5.15, we have the level per-day for dry bin in ‘Wad al hariya’ ,and we see
that the level in the first day is about 60%, and in the second day it got full at
9:00-12:00 AM.

level pee-day for Dry bin in Wad alhariya
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Chart 5.15: level per-day for dry bin in’ Wad al hariya’
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Test 4:

In our system there is a two disposal ways either automatically or manually .So we
test the system for two days to know which is the disposal method used mostly by

the citizen.

The chart below shows that the automatic way is used mostly in the two days in “Al
Manara’square’ where there is nearly 2-4 manually disposals among the total of 13

disposals.

‘Al Manara' square*® disposal type
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Chart 5.16: ‘Al Manara square’ disposal type

For ‘Wad al hariya ° , the chart below shows that the automatic way is used mostly in

the two days , where there is only 1-2 manually disposals among the total of 13

disposals.
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Chart 5.17 :* Wad al hariya’ disposal type
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4. Feedbacks

The system have a lot of hardware components , hardware problems are all too common.
Sometimes when a PC or disk gets old, it might start acting erratically and damage some
data before it totally dies. Unfortunately, hardware errors frequently damage data on even
young PCs and disks. Effective feedback, is very helpful. Feedback tell us how the system
work and give us a good view of system workflow. So, Feedback is a valuable help to
make important decisions.

In our 10T based waste management system , the need for an effective feedback is
essential. For this reason we supported the system with feedbacks which tell the

responsibilities , citizens about the system correctness

These feedbacks include:
1.Motor movement feedback

The DC motor move either right or left in order to throw the waste , then the motor
need to get back to its origin point. In some cases the motor may face a difficulty in
getting back to its origin, the arm may get stuck in one side , so we need to know if
that case happened ,in order to provide the motor with the suitable speed and
direction. We used a piece of tin fixed in the barrier between two bins , and
uncovered copper wire fixed with the arm which move right or left .If the motor do
not get back to origin and get stuck in any of the bin sides, the wire will not touch
the tin so we know that the arm get stuck. This technique help us to know if the

motor movement is correct or not.

Figure 5.5 : Motor movement feedback
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2.Bin door status feedback

The system interact with the citizen who do the disposals . The citizen may forget to
close the bin door, so the bin may still open for the next disposal and that may take a
long time .

We need a way to remember the citizen to close the bin door . For this case we used
two limit switch for each bin door (wet and dry). When the bin is opened the limit
switch will tell the microcontroller about that , the microcontroller will wait two

second before starting the buzzer and displaying a suitable message in the LCD.

Figure 5.6 : Bin door status
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3.System availability feedback

The system may suddenly go down or the internet connection may loosed ,or the
microcontroller may become off for different reasons .It’s important to know when
that happened .

In our system , the blynk server will send a notification to the blynk application

when the system go off for any reason.

Your New Device went offline.

ok

Figure 5.7 : System availability
4.CPU temperature feedback

As a general rule, computers do not like being hot — and when they heat up, bad
things can happen. That's why it's so crucial to monitor CPU temperature to ensure
that it doesn't overheat .

Node-Red has an ‘exec’ node supported with ‘vegencmd measure temp’ command,
which measure the CPU temperature , then this temperature will be send to the IBM
cloud to the admin panel who can take actions when the temperature exceeds its

normal value.
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Figure 5.8 : CPU temperature
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5.Displosal way feedback

Nowadays, people become more aware of the importance of preserving the
environment and that waste damages the environment, so people have become aware
that the process of separating waste into dry and wet has an obvious impact on
reducing waste burning and the possibility of recycling.

We provided our system with a useful technique to know what is the way of citizen
disposal either manually or automatically by using a touch sensor fixed on the back
bin door , when the user open the back door that’s mean it’s a manual disposal but
when the up door is open, the limit switch will tell the microcontroller that it’s an

automatic disposal.

Figure 5.9 : Disposal type
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Chapter 6

Conclusion

6.1 Summary

IoT communication paradigm have provided the capability for devices to communicate
and share information in long range distances while utilizing less power. In this
project we have conducted and presented analysis of distributed smart waste collection
system using 10T technology. Taking into account the creation of a real prototype of the
smart container and the implementation of a new waste management mobile application
and corresponding cloud based data analyses , and based on the case study experiments, it
was concluded that the proposed system can efficiently improve the way people deal with

their garbage and optimize economic and material resources.

At this level, hardware components, software tools and design are explained functions of
the smart bin are tested , analysis and results are discussed. Despite the implementation
issues, the smart bin passed the function tests successfully. It passed the segregating
waste depending on their type , send bin status to the responsible ,analyses the system
data and give reports, give good feedbacks about the system workflow ,send a message to

fire station with a fixed location.

6.2 Challenges

The first challenge faced us was the mechanical constraints and how to build the model to
be reliable and safe. The second challenge faced was the component constraints, the
quality of some components such as LCD and motor driver which is damaged quickly and
the quality of wires was bad. The third challenge is the environments constraints because

the GPS module need to be outdoor to get the exact latitude and longitude.
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6.3 Recommendations and future work

By further developments and improvements, the smart bin will have more functions and

produce more reliable waste collection and management .

To improve the smart bin functions some additions and changes can be done:

The waste type detection technique can be improved to detect all the waste types and to
detect the wet waste which do not has the required humidity value which can be detected

by the moisture sensor.

In future work, the application developed for this solution can be evolved by adding new
facilities that can bring to the end user more significant interactions with the management
system besides integration with a platform, to calculate the best path in collection routes,
seeking efficiency with a lower cost of operating the of trucks. In addition, the investment
and operation costs of this solution will be a very interesting study and can be performed

as future work.
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	1.1 Overview of the project:
	1.2 Motivation
	1.3 Importance
	1.4 Objectives
	The main aims that we are looking to achieve in our project are:
	1- The system will be able to control the Wastage of fuel. In order to achieve that aim, it has to achieve these objectives:
	A. Ability to identify the status and location of each waste bin .
	B.  Ability to update and send notifications in order to collect waste as-needed, thus reducing labor hours .
	2- The system will be able to optimize waste collection logistics. In order to achieve that aim, these should be gained :
	A. Ability to separate the waste depends on their type (either liquid or solid) .
	B. Help the process of recycling the waste.
	3-The system will be able to support safety conditions, in order to achieve that aim, these are the objectives:
	A. Ability to detect the fire immediately
	B. Sending notification of Short Message Service (SMS) to a Fire and Ambulance car.
	4- The system will improve the environment and wellbeing of people , in order to achieve that aim, these are the objectives :
	A. Ability to tell the citizens the location of nearest empty trash, thus minimizing the contamination of containers surrounding, no bad smells and no rodents.
	B. Ability to give the exact location of fully trashes which led to decrease the amount of fuel required to collect the waste, thus eliminating the excess emissions.
	5-The system will be automatically updated according to the data collected after analysis , the       required data for analysis includes  :              A-Bin status data(full or not) .         B-Fire detection data .         C-Waste type detection...
	1.5 Description of the project
	1.6 Problem statement
	1.7 List of requirements
	The system requirement can be summarized as:
	1. The system should give a real time indicator of the garbage level in trash (container) at any given time.
	2. The system should have the ability of analyzing system data that have been sent to the microcontroller and to the cloud.
	3. The system should have the ability to give continuous feedback to the drivers and responsible.
	4. The system should open a suitable section of the trash can depending on waste type.
	5. The system should support and provide safety conditions.
	6. The system should provide the citizens with the closer empty trash.
	To meet these requirements:
	1. The system should sense the waste and identify waste level continuously.
	2. The waste detection unit must be able to identify waste type.
	3. The system must be able to detect fires and refresh its data continuously, then update mobile application and SMS notifications.
	4. An LCD must be able to display the location of the nearest empty trash.
	1.8 Expected results
	1.Provide municipalities with the needed information about trash status using mobile apps, thus optimize the waste collection process .
	1.9 Overview of the rest of report
	Background
	2 .1 Overview
	2.2 Theoretical background
	2.3 Related Work

	Considering the advantages of IoT technologies, many researchers have investigated and developed new applications for smart cities, especially for waste management. There are different projects that are used to manage waste collection process, these...
	1.   "IOT based waste management system", which is being developed by Reem Ghayadah , Rawand Taha ,Palestine. The system proposed a solution to manage the waste collection process. They assumed that waste was collected in two trash cans, the first is ...
	2.   "Design of a Monitoring System for Waste Management Using IoT", which is developed    by Aravindaraman and P. Ranjana, April, 2019. The proposed system finds the solution for the garbage disposal by designing a smart trash can  by managing the ga...
	3.   "Internet Of Things (IOT) Based Waste Management System" which was developed by Tuton Mallick on Oct 01, 2018. In this proposed System, multiple trash cans in different locations all over the city have been provided with a low cost embedded devic...
	In the following table ,the comparison of our system and other existing systems are shown.
	Table 2.1 Existing work comparison
	Reviewing the weaknesses of the above frameworks, we are proposing an "IOT based smart waste management system" where a distributed system contains multiple trash bins  that are physically separate but linked together using the internet  . All the ...
	2.4 Design options

	Our system consists of sensors that monitor waste in real-time using IOT. Sensors data will be sent through the internet to our microcontroller. Microcontroller then processes the data and sends messages to the application which alert the responsible ...
	2.4.1 Hardware components

	1. Microcontrollers: There are different options of the microcontrollers  that can be used in  our project.
	● First Design Option: Arduino UNO
	Arduino microcontroller: is an open-source platform used for building electronics projects. Arduino consists of both a physical programmable circuit board (often referred to as a microcontroller) and a piece of software, or IDE (Integrated Development...
	Figure 2.1 : Arduino-UNO
	● Second Design Option: Raspberry pi :  Raspberry Is a small ,single-board computer ,has a 64-bit quad-core ARMv8 processor and uses a Raspbian distribution of Linux for its default operating system (OS), the Raspberry Pi computer is essentially a wir...
	Figure 2.2 : Raspberry Pi
	Table 2.2 summarizes the main features that may affect our choice.                                            Table 2.2 Microcontrollers comparison
	Chosen Design Option:
	We will choose Raspberry PI microcontroller, because it has a RTOS which we need in our event driven system.
	2. Ultrasonic sensors
	Ultrasonic sensor can measure the distance to an object using ultrasonic sound waves. An ultrasonic sensor uses a transducer to send and receive ultrasonic pulses that relay back information about an object’s proximity.
	● First Design Option: HC-SR04
	+5 V DC Operating voltage, 2 cm to 80 cm practical measuring distance ,3 mm accuracy,$0.55/10 Pieces.
	Figure 2.3 : HC-SR04
	● Second Design Option: US-100
	+5 V DC operating voltage, 2 cm to <=80 cm practical measuring distance, 1 mm accuracy, 9600 baud serial communication, Temperature Compensation Available in Serial Data Mode , $2.49 /Piece.
	Figure 2.4 : US-100
	Table 2.3 summarizes the main features that may affect our choice

	Table 2.3 Ultrasonic sensor comparison
	Chosen Design Option
	We will use HC-SR04 Ultrasonic Sensor. It is cheaper ; also we had used it before so we know how it works .
	3. SIM card modules : It is used to accurately detect the location of the bin. When the system detects a fire, it will send a notification from the SMS service to the fire and ambulance vehicle and accurately detect the location of the fire
	● First design option: SIM900A GSM /GPRS/GPS Module
	The SIM900A GPS/GPRS/GSM Module is a GSM and GPS two-in-one function module. It is based on the latest GSM/GPS module SIM900A  from SIMCOM, supports GSM/GPRS Quad Band network and combines GPS technology for satellites. It has high GPS receiving sensi...
	● Second design option: SIM5320E
	Simcom Wireless's SIM5320E  is a 3G Module. SIM5320E supports GSM, GPRS, UMTS, EDGE, HSDPA technologies and a maximum download speed of 3.6 Mbps.
	Figure 2.6 : SIM5320E Module   Table 2.4 summarizes the main features that may affect our SIM card choice                                  Table 2.4 SIM cards comparison
	Chosen Design option:
	We choose SIM900A module instead of SIM5320E GSM /GPRS/GPS Module since it contains these technologies 3G module (Which needed for sending data through the internet) ,GSM, GPRS ,it is also easy to use and smaller .
	4. Motors: it used for segregating wet and dry waste:
	● First Design Option: DC motor
	Is a two wire continuous rotation motor and the two wires are power and ground. When the supply is applied, a DC motor will start rotating until that power is detached.
	Advantages:
	1. Simple, cheap drive design.
	2. Easy to control via computer with relays or electronic switches.
	Disadvantages:
	1. Requires gear reduction to provide torques needed for most robotic applications.
	2. Poor standards in sizing and mounting arrangements.
	Figure 2.7 : DC motor
	● Second design options: Servo motor
	Generally, the servo motor is an association of four things, namely a DC motor, a control circuit, a gearing set, and also a potentiometer, usually a position sensor.
	Advantages: (1)
	1. Least expensive non-surplus source for gear motors.
	2. Can be used for precise angular control, or for continuous rotation
	Disadvantages: (1)
	1. Requires modification for continuous rotation.
	2. Requires special driving circuit.
	Table 2.5 summarizes the main features that may affect the motor choice
	Table 2.5 Motors comparison
	Chosen Design Option (1)
	We have chosen the DC motor to segregate wet and dry waste, because it is simple and cheap motor, it is easy to control the speed and direction, and DC motor responses quickly to control signals and servo motors do not rotate freely like a standard DC...
	5. Motor driver
	● First design option : L298N
	The L298N is a dual H-Bridge motor driver which allows speed and direction control of two DC motors at the same time. The module can drive DC motors that have voltages between 5 and 35V, with a peak current up to 2A.
	● Second design option:L293D
	The employed motor driver module circuit known as L293D motor driver controller consists of 4 inputs and 4 outputs to control two DC motors. One of the main facilities of L293D is to provide up to 600mA current at voltage variation from4.5 V to 36V . ...
	Figure 2.10 :  L293D Motor Driver
	Table 2.6 Drivers comparison
	Chosen design option
	We have chosen the L298N  Driver, because it is simple and cheap motor driver, easy to use it,  and The module can drive DC motors that have voltages between 5 and 35V, with a peak current up to 2A.
	6. Smoke detection sensor:
	The fire smoke consists of CO (carbon monoxide), CO2 (carbon dioxide), S (sulfur), NO (nitrogen oxide) and water vapor. Therefore, smoke detection task can be carried out by detecting one of these gases
	● First design option: Pololu MQ-4
	His semiconductor gas sensor detects the presence of methane (CNG) gas at concentrations from 300 ppm to 10,000 ppm, a range suitable for detecting gas leaks. The sensor’s simple analog voltage interface requires only one analog input pin from the mic...
	Figure 2.11 : MQ-4
	● Second design option: Pololu MQ-9 model
	It is a semiconductor gas sensor that can detect the presence of carbon monoxide at concentrations from 10 to 1,000 ppm (parts per million). The sensor can operate at temperatures from -10 ˚C to 50 ˚C.
	Table 2.7 summarizes the main features that may affect the smoke sensor choice.
	Table 2.7 Smoke sensors comparison
	Chosen design option (1)
	We have chosen MQ-4 Sensor because it has high sensitivity, less heater consumption, it can make detection of the method of high and low Dc Motor 16 temperature. Sensor detects CO when heated by 1.5V (with low temperature) and detects combustible gase...
	7. Moisture Sensor: used for separating wet and dry waste
	Soil moisture sensors measure the water content in soil. A soil moisture probe is made up of  multiple soil moisture sensors.
	● First Design Option: Capacitance sensor
	Advantages: very accurate, no calibration required multiple output options.
	Disadvantages: expensive, can be affected by the environment, limited detection range.
	Figure 2.13 : Capacitance sensor
	● Second Design Option: Moisture Sensor
	Advantages: Simple method of measurement , It delivers the results immediately,      Offers accurate results, and very low in cost.
	Disadvantages: It requires initial evaluation of site specific conditions before selection of appropriate moisture sensor ,  It requires probe to be inserted in the soil. It requires labor to collect the data and maintain the measurement processes.
	Figure 2.14: Moisture  sensor
	Table 2.8 summarizes the main features that may affect the moisture sensor choice.                                                                                               Table 2.8  Moisture sensors comparison
	Chosen Design Option (2)
	We will choose moisture sensor  because they are simpler, so are potentially smaller, less expensive and less power-hungry.
	8. Buzzer
	Is an audio signaling device, which may be mechanical, electromechanical, or piezoelectric Typical uses of buzzers and include alarm devices, timers. When the system detects the fire, a warning will be issued.
	● First design option: Active Buzzer
	This buzzer is an active buzzer, which basically means that it will buzz at a predefined frequency (2300 ±300 Hz) on its own even when you just apply steady DC power.
	Figure 2.15 : Active buzzer
	● Second design option: passive Buzzer
	It is like an electromagnetic speaker, where a changing input signal produces the sound, rather than producing a tone automatically.
	Figure 2.16 : Passive buzzer
	Table 2.9 summarizes the main features that may affect the buzzer choice.
	Table 2.9 Buzzers comparison
	Chosen design option (2)
	We will choose an active buzzer because it  just needs to be supplied a DC power and it does the rest to provide a tone,  whereas a passive buzzer needs to be provided a changing voltage, such as a square wave, to produce sound .
	11.Screen
	● First design option: LCD
	Is a type of flat panel display which uses liquid crystals in its primary form of operation
	● Second design option: TFT:
	Is a type of LCD with a thin film transistor attached to each pixel. Cost is now very good; power consumption is fairly good but dominated by the backlight.
	Figure 2.18 : TFT
	Table 2.10 summarizes the main features that may affect the screen choice.                                                                                             Table 2.10  Screens comparison
	Chosen design option (3)
	We have chosen LCD  because it's more practical, cheaper , easier to read and can accommodate a larger number of words.
	Table 2.11 summarizes the main features that may affect the IR choice.
	Table 2.11 IR sensors comparison
	2. For application development, we will use these technologies:
	A. Blynk Server:
	A Blynk server is a program that uses Hypertext Transfer Protocol to serve the         files that form Web pages to users, in response to their requests, which are         forwarded by their computers’ HTTP clients. Dedicated computers and    ...
	B. Blynk application :
	Is a new platform that allows us to quickly build interfaces for controlling     and monitoring hardware projects from iOS and Android device. After      downloading the Blynk app, we can create a project dashboard and arrange buttons,      slider...
	We use these languages for Front and Backend development, because we know how to program using these technologies.
	2.5 Specification:

	The most important specifications of the system design may be:
	1. It is employed to browse, collect, transfer information over the net.
	2. Data freshness is required.
	3. Good detection of the waste type is required.
	4. Analyzing sensor data by the microcontroller in order to send the result to the android application is required.
	5. Accepting data by the microcontroller from an android application through the internet and analyzing these data is required.
	2.6 Design constraints:
	1. Bad internet connection in some areas, our system will predict the bins' status in these areas      according to data analysis which is done weekly.
	2. The battery should be fully charged at all times in case of any emergencies, so we will monitor the battery status and assure that before it ends the system will send a notification to the authority.
	3. The need for [system hardware] at each point of work, so we will just consider two operating     points as a prototype.     4. Different truck drivers may accept the same notification at the same time, so we will     permit one of them to accept th...

	5. If the assigned work is not completed within a certain amount of time , the work will     be raised again to be re-assigned.      6.In case of internet disconnection , the system will depends on the data analysis to    predict and assign instructio...
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