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Abstract—In recent years, the Internet of things has become an urgent need
in all of the things that a person needs with the least effort and time. It covers in
several areas, including controlling traffic and parking, following up on general
and private buildings that what you need of periodic maintenance, and reducing
energy through using lighting Smart. In this paper, we focus on important thing
and widespread in Iraq, collection of solid waste in the streets without treatment,
which causes environmental and psychological damage to the citizen.in addition,
the solid waste deposal needs set up sensors(RFID,GPS, ultrasonic, GSM, etc),
connecting them to Arduino Uno to accomplish specific intelligent processing
that we need. Moreover, the system provides waste containers and warns the con-
cerned departments in the city of the need to empty them when they reach a cer-
tain level, which makes the streets healthier, more attractive and free from ro-
dents.

Keywords—MSW, 10T, Solid Waste, GSM, Arduino, RFID.

1 Introduction

A smart city is a comprehensive refurbishment of a city. The modern technology can
be used to be under the human service. In addition, the intelligent devices that make
highlighting to the importance of modern technology and how it can be applied and
learned by humans. The smart city covers several aspects. Firstly, Smart buildings
which modern technologies are used to manage and control them in all features (heat-
ing, cooling, lighting, security, and cleaning). Secondly, Intelligent transportation, man-
age the traffic and transportation to provide comfortable and secure seats. Furthermore,
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the passenger will arrive to a place at the required time, and without any crowded. Fi-
nally, Smart waste management which considered one of the most important priorities
for planning a smart city. It represents the civilizational and environmental frontage of
every city. It is one of the most significant problems in Iraq in general, and the city of
Mosul particularly because it suffered a collapse in infrastructure. The traditional
method used in Mosul city to dispose of solid waste is collecting the Waste in certain
containers. It often is full and leaks to the streets, which leads to distorting the city’s
view with an unpleasant smell. The main reason for choosing the city of Mosul to im-
plement this idea is that it has obtained substantial financial support from the central
government in Iraq and neighboring countries and made it a key to the smart city for all
other cities in Iraq. In the last decade, consumption patterns of people all over the world
have changed. It is due to the various quantities kinds of solid wastes being produced
every day, which creates an alarming problem of their disposal. For example,
Mosul city has 1.52 million inhabitants and a 3.0 % growth rate produces about 1033.6
tons per day. The above estimates were obtained through a solid waste survey
comprising selected families. The last survey done revealed that the city generated
0.68 kg/capita/day. Figures (1) and (2) describe urban MSW generation rates in
the two sides of Mosul, as a weighted average of the waste data available from
various studied quarters [1]. In addition to the large amounts of solid wastes generated
by industrial sites, managing the waste collection processes is becoming one of the
most convoluted tasks in the rural environment.
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Fig. 1. Urban MSW generation rates in the left side of Mosul
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Fig. 2. Urban MSW generation rates in the right side of Mosul

Furthermore, the amount of money spent on solid state management represents about
50-70% is used for waste collection. Due to the high amount spent on collection, only
a low amount is left for the modification of the gathering process [2]. Therefore, an
effective way is required for collecting solid waste and utilization of solid waste rather
than concentrating on disposal alone. New technologies introduced in the world that
offer a new way to optimize waste management systems. These technologies reduce the
cost of the collection as well as less time consuming for the collection process in the
city. The waste transfer can be controlled by a method more appropriately and effec-
tively by always observing the receptacle status and the trash level. Also, the district
can be alarmed when the compartments are full, in this manner advancing unique plan-
ning and directing of the trash level [3].

2 Related Work

This section gives an overview of the techniques which have been proposed for im-
proving the trash collection and monitoring process. A number of studies were carried
out on various methods for solid waste monitoring, collecting, as well as management.
The system proposed by [4] makes the bin being cleaned once the garbage level exceeds
a threshold level. Arduino Uno, GSM module, Ultrasonic sensor are used in this design.
The ultrasonic senses the level of garbage in the container. If it crosses the threshold
level, it signals the Arduino controller, then the Arduino sends the signal to the GSM
module which is used for remote communication with the control center and cleaner.
The authors in [5] have provided the smart containers with Raspberry-pi, ultrasonic
sensor and flame sensor using an integrated system for monitoring the garbage level in
container remotely. The sensors are installed in containers placed in public places. The
ultrasonic sensor measures the level of garbage in the container and when it reaches to
threshold level it sends the signal to the raspberry-pi. Then a notification message is
sent to the control room via the internet. One of the studies designed a system that is
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implemented using a microcontroller, ultrasonic sensor, weight sensor, and RFID mod-
ule. The ultrasonic sensor checks the level of garbage and sends the signal to the mi-
crocontroller. The microcontroller sends the bin number to the Municipality Server
which as a result the message goes to the control center and the concerned person [6,
7]. Another method for waste management is introduced in [8] as follows: an 8051
micro-controller is used, in addition to the RF module, IR sensors, RF transmitter and
receiver. The container interfaced with a microcontroller-based IR sensor and RF mod-
ule. The IR sensor checks the level of garbage in the bin and sends signals to the mi-
crocontroller, the same signal encoded and sent through the RF transmitter to Central
System. Then the signal is received by RF receiver and decoded. Internet service is
provided through LAN cable from the modem. Similarly, another paper used 8051 mi-
crocontrollers, IR sensor, RF module, Intel Galileo Gen2. In this system, a low-cost
embedded system was proposed to make the truck finding the bin through the city or
Campus. The bin also has a unique number that facilitates the identification of the gar-
bage when it is full. Details can be reviewed by the authorized person remotely by using
the Internet and an immediate response can be given to clean the container [9].In [10],
ultrasonic sensors are used to read the level of the bin being filled up. The container is
considered three levels of trash being collected in it. Once the garbage reaches a level,
the sensor receives the signal of the filled level. This signal is further forwarded to the
garbage analyzer as an SMS message using a GSM shield. The drawbacks of this
method are the number of ultrasonic sensors installed at three different levels of the bin
which increases the cost of the container and also the damage that could happen to the
sensors due to the rough action by the users. One of the papers proposed battery-based
smart garbage containers [11, 12]. They can send and receive data between them using
wireless mesh networks, and a router and server receive and analyze the data for pre-
paring it to provide services to the users. Furthermore, this method includes a variety
of 10T options considering user convenience and improving the battery lifetime
through two types of energy-efficient operations of the smart garbage containers: stand-
alone operation and cooperation-based operation. The proposed procedure had been
operated as a pilot that is one of the Seoul districts, Republic of Korea, for a year. In
[13], a framework has designed in which a camera will be installed at each trash col-
lection point alongside a load cell sensor at the bottom of the trash can. The camera will
snap continuous shots of the garbage bin. A threshold level is set which compares the
results got from the camera and load sensor. The comparison is done by the microcon-
troller. After the image being analyzed, information can be obtained about the level of
the garbage in the bin, in addition to the weight of the garbage bin extracted from the
load cell sensor. Accordingly, the controller processes the information and checks if the
threshold level has reached or not. An alternative system described in [14], which helps
in showing the nearby container in the neighborhood. people are voluntarily requested
to log into the webpage to locate the containers. The System was proposed a method
that helps people to earn points by put recycling materials using their RFID [15]. In
addition, the authors implemented new method for attendance student by using
RFID[16]. In advance to the old systems, the design got little flexibilities which provide
high degree of scalability in terms of collecting the trash, each area is provided with a
vehicle and parted into polygons, and the sensor data will go to an onboard computer
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installed in the vehicle. But this is failed due to its cost and efficiency. A few other
systems which will alarm the authority center about the full status, so they need to col-
lect the waste in the time scheduled manner but no controlling action is taken if they
failed to pick up the waste container in time. It is basically using the Internet of Things
(I0T) and the GSM communication as well; informing the various filling levels of the
container is becoming more efficient through the ultrasonic sensor and pressure sensor.
Using the RFID, identifying the location and authentication can be easier [17, 18].

In [19], a solution is suggested to display a solid waste container status on real time.
The system architecture is planned using wireless sensor networks, chosen sensors are
used to measure the condition of the containers and ZigBee and GPRS are used as com-
munication techniques. Wireless networking represents the physical layer and ZigBee
support large networks, but still have limitation for the smart container usage[20- 23].
The System design divided into three levels as lower, middle and upper levels. The
lower level is represented by a set of sensors. The selected sensors divided into two
parts. The first part is installed underneath the container cover and the other is at the
bottom of the bin. The first part consists of ultrasound, an accelerometer, a humidity
sensor, and temperature sensors. The latter part consists of the load cell sensor. In the
middle level, the readings measured by the sensors are sent to the gateway through
ZigBee and GPRS communication shields. The upper level consists of a web server and
a database server. The Getaway gets the readings, defines the data, and then saves it in
a local database. If the GPRS connection is available, it sends a connection request with
the server to the control station through GPRS communication. Finally in paper[24, 25],
bins are connected with a microcontroller ARM (LPC2148) based system and provided
with IR wireless systems along with a central system showing the level of the trash, on
a mobile web browser by Wi-Fi. This paper also has utilized the benefits of a weight
sensor and IR sensor to measure the amount of garbage in the bin and to give the infor-
mation about the bin status. Then, the status is updated on the webpage. The most im-
portant part of this paper depends upon the operating of the Wi-Fi module; essential for
its implementation.

3 Aims of the Paper

Compared to the works mentioned above, this work presents a new design and im-
plementation of a smart bin prototype that improves and optimizes the handling of
solid urban waste. It will:

1. Improving monitoring and garbage collection system.

2. Reducing the time and effort required to collect the trash.

3. Saving the expenses spent on unneeded items such as bins and vehicles.

4. Reducing the traffic jam and consequently reducing the crowd of the city.

5. Making the environment healthier and decreasing the risk of fire igniting in the
trash bins.
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3.1 Methodology

In this paper, the intelligent junk observing system is designed to measure waste
level in the garbage bin with less time by SMS. It typically sustains the new strong
managing of the collection services together for the managers and citizens. The
dependable and instant piece of knowledge on the trash bins status might enable effi-
cient timetable management and allow a good route planning for the collection trucks,
which are generally arranged randomly. Each bin or container in our proposed system
senses the level of the trash via an ultrasonic sensor. Once the bin is full or almost
full, it locks the bin so no more trash can be added. Also, it shows a full status light
signal to alert people that the bin is full, then notifies the municipality by sending
SMS (via a GSM modem) which contains bin ID, bin status, the time the bin is full
at, and its location. The bin is still locked until a municipality dustman comes and
scans the RFID card to unlock the bin while being emptied. An android app is
assumed to receive the message, alert the administrator, and shows well-arranged de-
tailed information about all the full or empty bins distributed in the city along with
their location. Figure (3) explains the whole process

Po-0-%- 8

People Throw Trash TrashBin Full Send SMS “1am Full” Trash Bin Locked
Administrator Receives Administrator
SMS ‘ Receives SMS
£ O — i
= _ 0
Send SMS “lam Empty” Trash Bin Empty Send Garbage Truck

Fig. 3. Paper Methodology.

4 Components Requirements

The proposed scheme comprises of an Arduino UNO to control the system
operation, an ultrasonic sensor to measure the waste level, a GPS module to get the
bin coordinates, an RFID reader to unlock the bin, a GSM shield to send the SMS,
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a door lock to secure the bin cover, a relay to drive the 12v-lock, and two LEDs
to show the waste level or the bin status.

5 System Architecture

The paper mechanism can be described in brief as following: the proposed system
will sense the trash level using the ultrasonic sensor. Two LEDs are used for indicating
of garbage level. If the bin is almost filled, it will send a message to administer telling
him that the bin with this “ID” is full, please come and collect the waste. At the same
time, the bin will be locked automatically. The system will be fixed and the bin will be
attached with an RFID module. The only authorized person with an RFID reader can
unlock the bin, this adjustment is to avoid the overwhelming of the bin while it is full.
on the other hand, the sensed data is sent to the terminal administrator where the data
is stored in the database. The GUI is provided through an android application where the
administrator gets a detailed idea about all the bins in the city. Figure (4) shows the
basic block diagram of the proposed system.

Input Processing Output
Units Unit Units

Ultrasonic \ / GSM Shield

GPSModule | ————— > |Arduino | ™ | pogryock
TUno

= SNum

Fig. 4. Basic block diagram of the proposed system

6 Components Description

The system components used in this paper design include: an Arduino UNO as a
Control unit, ultrasonic sensor, GPS module, and RFID reader as input units, and GSM
shield, door lock and LEDs as output units. Figure (5) is the circuit block diagram,
Figure (6) shows the Components connection and wiring diagram, Figure (7) is the
circuit box, and Figure (9) is a sample of the smart bin of the proposed system.
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Fig. 5. Circuit diagram of the proposed system
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Fig. 6. Components connection and wiring diagram of the proposed system
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Fig. 7. Circuit box.

Fig. 8. Sample of the smart bin
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7 System Software Design

In the previous section, the hardware components are designed in addition to the
architecture design of the system. Now, in this section; the software part of this paper
will be introduced and explained. So, to summarize this work, it is split into two parts
as we used Arduino IDE to program Arduino UNO controller, and the Android Studio
for the android application programming. Figure (9) is the algorithm used to write the
Arduino program. As well as Figure (10) shows the Android Studio Interface.

T

3 TUnlock the Yes ~ RFID
- W
P= = s =
[ Read RFID Tag J¢— Lock the binJ
— ~
\ \

’ Read GPS 1r

Coordinates P . - -
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[ Yes
P - P N

f e \\
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e - \\
Bin E = _“Time of Empty
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Yes

- P -
Turn Green
Send SMS J—' LED ON }

Fig. 9. Software algorithm

Fig. 10. Android Studio Interface
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8 Experimental Results

The outputs from the shown tests that all the functionality of the system has accom-
plished as expected under normal conditions. The proposed system is appropriate to be
applied in all domestic regions. The system performance was found satisfactory accord-
ing to the obtained test results. For the evaluation purpose we summarize the conclusion
as follows:

In terms of power consumption, the system uses external power sources of total watts
about 16.25. The maximum current consumption per each component as found in our
on-hand measurements is (in Amp): Arduino (0.405), Ultrasonic sensor (0.075), GPS
module (0.241), RFID module (0.1), GSM shield (10), solenoid Lock (4.8), Relay
(0.45), LEDs (0.2). Arduino and lock are powered by 9v external power source, while
all the other components get power from Arduino with 5 and 3.3 volts. Except for the
GSM shield which is powered by a separated power provider, since it needs a current
of 2A with 5v voltage which is not possible to be provided by Arduino pins. However,
a custom-built power bank is recommended with high watts/hour batteries, with the use
of the USB DC-DC step-up module, to overcome the issue of the small-scale location,
the facility of mov-ability, and the needing for external AC power socket. The applica-
tion is designed with nine activities and a corresponding number of XML files to build
the layout version of the activities. The application requests permission for receiving
and reading the SMS messages, accessing the phone location, and using the inter-net
connection. Figure (11) represents the application Welcome interface. While Figure
(12) shows the menu after running the application. After clicking on one of the buttons
in the previous screen, each button will show a list view of the full or empty bins along
with the date and time of last update or status change as shown in Figures (13 a, and b).
When an item in the list view is clicked, the corresponding information which repre-
sents the bin number related to that item along with its location button is displayed
(Figure (14)) which enables the responsible to see the actual bin.

THE
SMART
BIN

RAND RAAD

OET STARTED

Fig. 11. Interface screen
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Bins Status

FULL BINS

EMPTY BINS

Fig. 12. Bin Status

bin1 is full in 19/04/2019 18:11:30 bin3 Is empty In 16/04/2019 15:47:11

bin2 is full In 16/04/2019 12:44:21 bins is empty in 17/04/2019 10:40:19

a) b)

Fig. 13. A. Full Bin, B. Empty Bin
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Bin Details

Bin Number : binl

Bin Status : full

Last Update : 19/04/2019 18:11:30

SHOW LOCATION

Fig. 14.Main Activity.

bin1

o 2

Fig. 15.Bin Location
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