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systems. Firstly, accessing sustainable development. Secondly, better
rationalization of resource consumption. Thirdly, intelligent governance is led by
participating in decision-making. Lastly, improving the quality of urban areas’
life. Nevertheless, an infrastructure based on individuals’ knowledge-sharing is
crucial in smart cities (such as modern technology). This paper proposes a
design RF-based smart waste system. The paper is divided into two parts. In
the beginning, it reviews and analyzes the establishment requirements of a
smart city structure. Design the proposal using an RF communication system
and remote-control techniques (such as sensors. The system aimed at reducing
the employees of traditional waste management and thus the expenditure (i.e.,
cost) of cleaning cities. Additionally, during the cleaning process, the wasting
time can be reduced. To goals are demonstrated using computer experiments
and analyzed using SSPS software.
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1.INTRODUCTION
IoT is a network connected with physical devices, sensors, and everyday objects interacting with them and the
environment [15]. With its general understanding, the Smart city is a large and complex structure for its services aims
to achieve citizen welfare. It improves people’s lives where everything is connected with technologies [1][16]. In
unsmart cities, there are many issues related to waste management, such as waste disposal, traffic jams and carbon
dioxide [2]. The main goal of this work is to mitigate these problems without needing to resort to traditional waste
disposal techniques. It is well known that traditional waste management systems suffer from several problems, such
as irregular and delays in the cleaning. countries have foreseen this increase. Therefore, the population density
increase is one of the challenges that cities face [12].
As mentioned earlier, this work proposes a hew waste management system-based RF technology. The following parts
are the main components of the system.

1. An Arduino card (Uno or mega).

2. Sensors HC-12 and HC-SR04 are distributed in the city.

3. Use RF technology in sending and receiving data among the sensors.

2. GENERAL INFORMATION
The following are the critical factors of the tendency to build cities: Smart Governance, Smart Management, Smart
economy, Smart life, and Smart environment. The system comprises an electronic development board. It consists of
an open-source electronic circuit with Arduino (a microcontroller) [3]. As illustrated in Table 1, several characteristics
made the Arduino better than other microcontrollers.
An open-source which makes its development easy and fast
The libraries for most of the accessories are available.
Obtainable accessories.
Handle flexibility.
Easy to handle
Low cost.
Ability to link it to a high-level programming language, such as VB.NET, Java, and MATLAB [4].
Table 1. Types and characteristics of Arduino microcontroller

Nounhrwpne

Characteristic Types of Arduino
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Due Mega Uno
Microcontroller AT91SAM3X8E ATmega2560 ATmega328P
Dimensions of the painting 101.52mm/53.3mm 101.52 mm / 53.3mm 68.6 mm / 53.4mm
Weight 369 37¢ 25¢
Memory Size 512 KB 256 KB 32 KB
Processor Speed 84MHz 16 MHz 16 MHz
Input Analogue ports 12 16 6
I/0 digital ports 54 54 14
Port recommended 6-16 v 7-12v 7-12v
Boundary port voltage 6-16 v 6-20 v 6-20 v
Operating voltage 33v S5v 5v

There are several types from (Aurdino ) that may be use in this study that are, Aurdino Uno: that has many feature
which are , microcontroller: ATmega328P Operating voltage of the electrical system 5 v, Port voltage (boundary): 6-
20 v Port voltage (recommended): 7-12v, Digital ports (input / output): 14
Analog ports (input): 6, Processor Speed: 16 MHz, Memory Size: 32 KB (KB0.5 used used for boot), Dimensions:
68.6 mm / 53.4mm and the Weight: 25 g .[5], Arduino Mega : that has many feature
which are, Microcontroller: ATmega2560 Operating voltage of the electrical system: 5 v, Port voltage (boundary): 6-
20 v Port voltage (recommended): 7-12 v, Digital ports (input / output): 54 Analogue ports (input): 16, Processor
Speed: 16 MHz , Memory Size: 256 KB (KB8 used to boot) , Dimensions: 101.52 mm / 53.3mm , Weight: 37 g[6].
Aurdino Due: that has many feature which are, Microcontroller: AT91SAM3X8E Operating voltage of the electrical
system: 3.3 v Port voltage (boundary): 6-16 v Port voltage (recommended): 7-12v, Digital ports (input / output): 54
Analogue ports (input): 12, Processor Speed: 84MHz , Memory Size: 512 KB (fully available for user applications)
, Dimensions of the painting: 101.52mm / 53.3mm Weight: 36 g[7].
Arduino library is used for the ultrasonic distance sensor (HC-SR04). Every time, the sensor confirms whether the
container is full or empty.
Its characteristics provide (2-400 cm) non-contact measurement function with an accuracy range reaching 3 mm. The
module comprises an ultrasonic control circuit, sender, and receiver. The systems concept are:

1. The high-level signal is created using an IO trigger for ten us (at least)

2. Eight signals (in 40 kHz) are transmitted by the model to determine there is a pulse signal back.

3. Through high level, in case the signal is backed, high output IO time duration is the time from transmitting

ultrasonic to getting back. Test distance is at a high-level time velocity of sound ((340 m/s)/2) [13].

To transmit and get information among the system’s endpoints, we selected the radio frequency (HC-12 Wireless
Transceiver Modules) (i.e., waste trucks, information office, and waste containers). Electromagnetic waves technology
is one of the most significant discoveries throughout history. The technology is used in the wireless serial port
communication modules and is based on a SI4463 RF chip and a built-in microcontroller. It accepts (3.2-5.5 V) and
can be used with (3.3 V) and 5V UART voltage devices (3.3V safe) [14]. The AT commands are used to configure it.
Depending on transmission speed, receiver sensitivity ranges between (-117 to -100 dBm), and the maximum output
power is 20 dBm (100mW).
The transmission of various types of information anywhere is facilitated by electromagnetic waves [8].
The communications systems’ construction is enabled by the waves where the transmitters and receivers can be
moved or fixed. Using these waves, various devices and equipment can be remotely controlled at offices and houses.
Therefore, waves are crucial in designing a smart city.
Here the electromagnetic spectrum is explained. It contains the following main bands.

1. The spectrum (0 - 300 GHz) is used entirely in radio communication systems.

2. The spectrum of rays utilized is (300 GHz - three million GHz).
Partly in optical communication systems, it consists of X-ray spectra, ultraviolet, and night vision systems [9]. It is
hard to use due to difficulties in generation and danger to organisms. Nevertheless, it is used in some industrial and
medical applications, such as using x-rays to test materials and image living objects. Different types of antennas and
propagation are used because of large variations in the characteristics of radio-electromagnetic waves in terms of
generation methods.
Most waves implemented in life are illustrated in Figure 1. Where the abbreviations are as follows: Extremely Low
Frequency (ELF), Super Low Frequency (SLF), Ultra Low Frequency (ULF), Very Low Frequency (VLF), Low Frequency
(LF), Medium Frequency (MF), High Frequency (HF), Very High Frequency (VHF), Ultra-High Frequency (UHF), Super
High Frequency (SHF), and Extremely High Frequency (EHF).
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Figure 1. Spectrum bands [10]
The waves are reflected and returned back to the same medium if impediments obstruct them. They are not affected
negatively, or part of their energy is absorbed. Without losing much of their capacity, the radio waves are often
transmitted over long distances. Since WiFi does not have this feature, it is needed for a wave capable of transmitting
and receiving information in all system parts. However, the designers of radio communication systems face the
problem of assigning frequencies for growing and large numbers of systems (e.g., air navigation systems, military,
and civil communications systems, radar systems, satellite systems, wireless and cellular telephones, and radio and
television broadcasting systems).
In the electromagnetic spectrum, the limitation in the available frequencies is the main reason for this issue. The
atmosphere of the earth is a medium where wireless systems transmit all frequencies. Also, to prevent interferences
among the systems, the same frequency cannot be utilized in the same place. Except for high frequencies, most radio
spectrum bands are used by communication systems. Also, due to their short wavelength, the high frequencies have
prevented them from being heavily weather-affected. Nevertheless, there are applications that utilize these
frequencies because of increased demand for frequency availability and satellite communication use.
National telecommunication regulators (such as International Telecommunication Union (ITU)) allocated frequencies
to users to tackle this issue. Therefore, the available frequencies have been assigned by the ITU. The allocation
provided permission to reuse the same frequency to avoid interference among the systems. It is done by the
following: polarization methods, encoding, using different modulations techniques, taking advantage of geographic
distance and limited broadcasting capacity [11].
1. System model
Sensors are responsible for providing notifications about the fullness of waste in containers. Therefore the modeling
of the proposed system is as follows. Firstly, the sensor (HC-12 Wireless Transceiver Modules) transmits and receives
signals between the following: 1) between vehicles and base estuation and 2) the base estuation and container.
Secondly, Sensor (Arduino library for HC-SR04) acknowledges whether the container is full or empty. Data is collected
from the sensor (i.e., Arduino library for HC-SR04) and gives the receiver and transmitter information for transmission
to the base center. The data consists of the number of containers that equals the number of the total sensors. To
ensure that the container is full or empty, information on the sensor can be updated continuously. In case the
container is empty, these signals are not be sent. On contract, sensors transmit indication signals in case the
container is full. Radio waves are sent to the information center with a sensor (HC-12 Wireless Transceiver Modules)
. Since that device can send and receive simultaneously, the device utilized in transmitting information from the
container is the same device used in receiving the data by the center. The Arduino receives the data, which is then
sent to the central computer to convert the signals to data. It is essential to mention that the data includes the
container fill and number. Next, a notice is distributed to all cities and the cars where each vehicle consists of a
container number. According to the containers signals (based mainly on the sensor (Arduino library for HC-SR04), the
data is updated continuously. Then, to private vehicles that collect wastes, the center sends information about full
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containers. An Arduino with a screen is available in each vehicle. As shown in Figure 2, to receive information from
the information center, the screen displays the data and container number

. Container number (0012)

Figure 2. The data collection procedure in the system

When the cycle bin is complete, This mechanism only sends a signal which helps to avoid the database becoming full
early. Additionally, a proactive mechanism is another mechanism is adopted in this work. The system depends on the
mechanism’s work to transmit and receive signals. Because speedily full of the system database, the mechanism is
not heavily used. The flowchart of the proposed system is illustrated in Figure 3.
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Figure 3. System'’s flowchart
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2. Performance Evaluation

In Kirkuk city, Irag, we conducted the tests on 70 citizens in different residents’ quarters. To evaluate the system, a
questionnaire form was spread to the people who relied on 14 areas[17] (see Table 2):
Reducing pollution.

The decrease in cost.

Processing speed.

Transparency.

Cost and effort of the system.

Technical integrity.

Satisfaction.

Technical integrity.

NN
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9. New smart city.

10. Time and cost.

11. Wasting recycling.

12. Maintain the clean line.

13. Reduce the working people.

14. Reduce the environment and health.
15. Chooses the nearest cycle bin.

To calculate and interpret the results, we used Statistical Package for the Social Sciences (SPSS).

Table 2. Performance Evaluation

Cronbach’s_ Corrected Sca_le Scale _
item | Criteria AT I Item-Total yarlance IS

Item Correlation if Item | Item

Deleted Deleted Deleted
1. Cost and effort of system 0.646 0.345 14.630 26.9565
2. Transparency 0.636 0.393 13.852 26.9710
3. Technical integrity 0.622 0.557 13.895 27.0435
4. Satisfaction 0.639 0.409 14.460 26.8406
5. New smart city 0.627 0.480 13.852 26.9710
6. Time and cost 0.682 0.127 14.813 26.7391
7. Waste recycling 0.623 0.509 13.715 26.9275
8. Maintain clean lines 0.772 -0.371 18.475 24.7681
9. Reduce the working people 0.650 0.301 14.169 26.9130
10. | Reduce the environment and Health 0.618 0.523 13.426 26.9855
11. | Chooses nearest cycle bin 0.619 0.522 13.485 27.0145
12. Processing Speed 0.633 0.425 13.986 27.1159
13. Decrease the cost 0.650 0.304 14.425 27.0435
14. Reduce Pollution 0.662 0.208 15.073 27.3188

The Total Results of the system evaluation are illustrated in Figures (4, 5).
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1502 pue s |

fausiedsued |

Bulafaal eysens

Criteria

Waste re
Transpar
Time and
Technica
Satisfac
Reduce t
Reduce P
Processi
New smar
Maintain
Decrease
Costand

Chooses

Simple Bar of Criteria by Scale Mean if tem Deleted

24 % 28 26 21 021 271 2% 28 2% 28 28 2B 2
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As shown in Figure 6, the system contributed to decreasing the pollution rate. Additionally, from Figure 7, the system

reduced the cost of cleaning.
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Figure 6: Pollution Reduction Figure 7: Cost reduction
Also, as seen in Figure 8, the system increased the processing speed. Furthermore, the system improved the rate of
vehicles finding the nearest recycle bins. Moreover, as illustrated in Figure 9, the system decreased diseases rates in
the environment. Additionally, as presented in Figure 10, the number of employees decreased who work in the city
cleaning system according to our system (see Figure 11).
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Simple Bar of Reduce the working people Simple Barof Dcst
Wean =10.520% 20 mwgiﬁnzﬁ:sm
20 &.Jm.:ﬂ}uﬁﬂ =4
15
15
>
> ;
; :
2 P
2 10 [
w
s
05
[ 1]
o0 0 s 1000 1500 20 =111) k] “ o e 0 o = o
Figure 10:Reducing in Health and environment Figure 11:Reducing in employees

Figures 12 and 13 demonstrate that clean lines maintenance and waste recycling are increased, respectively. Also, the
system demonstrated that establishing a new smart city decreases the time and cost (see Figures 14 and 15). The
satisfaction criteria, technical integrity, and transparency are improved (see Figures 16, 17, and 18). Finally, the effort
and cost of the system decreased as well (see Figure 19).
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3. CONCLUSIONS
Using RF technology, this paper proposed a waste management system that contributed to improving different
features of traditional systems:

N AW

Maintain cleanliness of the environment.

Reduce the number of waste management employees.

Choosing the nearest point may decrease the consumed time to clean the area.
Flexibility in accessing the full container.

Reducing the overall cost of the system.

Reducing cleaning-up time

Speed up the clearing system of residential areas.

The study contributes to reducing pollution in modern cities.

The authors future work will calculate an optimum solution for the research objectives. Optimization of soft
computing algorithms in the considered
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