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Abstract - With rapid technological progress, modern cities
increasingly demand real-time responses to ensure
convenience, cost-efficiency, and public safety. The IoT-Based
Smart City Management project addresses this need by
integrating smart technologies with civil infrastructure
through a model developed in Cisco Packet Tracer, supported
by Arduino Uno and relevant modules. The system combines
intelligent traffic control, air pollution regulation, automated
fire response, IP-based communication, and smart parking.
Motion detectors enable adaptive traffic signals and real-time
parking availability updates via LEDs and banners, while a
pollution sensor activates a blower and CO: purifier to
maintain air quality. Fire detection systems instantly trigger
alarms and extinguishers, enhancing the safety response. IP
phones replace traditional telephony to reduce costs and
delays. These systems function collaboratively to streamline
urban management, reduce manual intervention, and enhance
service delivery across multiple domains. By enabling
automation and continuous monitoring, the framework not
only improves urban infrastructure responsiveness but also
contributes to long-term sustainability goals. As such
implementations may vary by context; a trial-and-error
approach is advised before wide-scale adoption.

Keywords: 1oT-Based Smart City Management, Smart
Technologies, Traffic Control, Pollution Regulation,
Automation

I. INTRODUCTION

The development and management of modern urban
environments change significantly with the advent of
Internet of Things (IoT)-enabled smart cities as a new
concept. A city’s infrastructure is equipped with systems in
its technologically advanced state, such as semi-automated
traffic lights, wired telecommunication poles, and
unsophisticated industrial fire safety features, which are
used manually. Although very basic, these systems have
maintained functionality in growing cities and met their
demands, while also supporting urban ecosystems.
However, they are completely inflexible and unresponsive
to the multitude of modern problems.

In Singapore and the United Arab Emirates, some of the
most advanced smart cities are being constructed. These
cities aim to increase urban effectiveness through
interconnected smart systems by refining public services
and enhancing overall living standards. Singapore uses
Closed Circuit Television (CCTV) cameras to monitor
traffic violations in real-time, while Dubai has a mobile
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application that provides real-time information about
transportation, food outlets, and civic services (Smart Dubai
Government, GovTech Singapore). These examples
demonstrate the implementation of smart technologies and
their practical advantages.

The impact of such initiatives has begun to reach
developing countries, thus expanding opportunities for
innovation and investment in the IoT sector. Cisco and other
industry leaders have already played a part by aiding in the
development and implementation of modular IoT solutions
across various sectors, ranging from commercial offices to
local shops. Based on a thorough literature review, which
spans traffic signal control, air quality monitoring, and fire
safety systems, this research aims to simulate an IoT-
enabled smart city using Cisco Packet Tracer and Arduino
UNO microcontrollers for additional computing power.

The designed structure introduces a range of sophisticated
urban management systems that enhance the dynamic
governance of metropolitan regions and facilitate the
smooth planning of cities to resolve the challenges posed by
the static nature of urban systems. Notable components
include a sensor-based traffic control system that precisely
manages traffic through motion detection; an automated air
pollution control module that activates a purification system
in response to rising CO2 levels; and an intelligent car park
system that monitors the occupancy level of parking spaces
in real-time using motion sensors and LED indicators.
Furthermore, the communication infrastructure is improved
with the incorporation of low-cost IP telephony, which also
enhances internet connectivity. The core innovation lies in
the design and simulation of these interconnected modules
within Cisco Packet Tracer, forming a scalable, low-cost,
and practical framework for future smart city deployments.

II. LITERATURE REVIEW

Technological innovation has played a vital role in
addressing contemporary challenges across environmental
and urban domains, such as forest fire detection, air quality
monitoring, and traffic control systems. A review of
existing literature reveals the integration of IoT, sensor
networks, and intelligent systems as common themes across
these application areas.
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A. Integrated Internet of Things (loT) Solutions for Early
Fire Detection in Smart Agriculture

According to the study by Abdennabi Morchid, Zahra
Oughannou, Mohammed Ouazzani Jamil, Rachid El Alami,
and Haris M. Khalid [1], the integration of IoT technologies
in agriculture has revolutionized traditional farming
practices, enabling real-time monitoring and efficient
resource management. With the increasing risk of fire due
to climate change, early fire detection systems have become
essential to protect crops and minimize damage. loT-based
systems utilize sensors such as temperature, humidity, and
smoke detectors, often powered by Raspberry Pi, to monitor
environmental conditions and detect anomalies that signal a
fire. By combining real-time data with historical records
through cloud computing and tools like MATLAB, these
systems provide actionable insights and early warnings.
Cloud and edge computing further enhance the system’s
capabilities by allowing predictive analytics and real-time
response, ensuring swift intervention. However, challenges
such as sensor reliability in harsh environments, scalability
in large farms, and cybersecurity concerns remain. Despite
these hurdles, IoT-based fire detection systems offer a
promising solution to protect agricultural assets and
improve overall farm safety in an era of climate uncertainty.

B. Real-time Air Quality Monitoring in Smart Cities Using
loT-Enabled Advanced Optical Sensors

According to the study by Anushree A. Aserkar, Dr. Sanjiv
Rao Godla, Prof. Ts. Dr. Yousef A. Baker El-Ebiary, Dr.
Krishnamoorthy, and Janjhyam Venkata Naga Ramesh [2],
this research focuses on the development of a real-time air
quality monitoring system for smart cities, utilizing IoT-
enabled advanced optical sensors to measure various
pollutants such as PM2.5, NOx, CO, and VOCs with high
sensitivity and precision. The system provides continuous,
real-time data transmission, allowing city authorities to
track air quality fluctuations and respond quickly when
pollution levels exceed safe thresholds. By identifying
pollution hotspots and analyzing trends over time, the
system helps urban planners make data-driven decisions to
improve air quality management and develop targeted
interventions. Additionally, the integration of cloud
computing enables historical data analysis, supporting long-
term policy planning and sustainable urban development.
Ultimately, the system enhances public awareness,
empowers citizens with real-time pollution information, and
plays a vital role in creating healthier, more livable cities by
addressing urban air quality challenges.

C. Smart Traffic Control System

According to the study by Dr. Vasanthamma H., Shreya
Navali, Shreya S. S., Kritika, and Sharon Lilly [3], this
smart traffic control system is a cutting-edge solution
designed to streamline urban traffic management and
alleviate congestion. It integrates a variety of advanced
technologies, including sensors, cameras, and computer
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systems, to monitor traffic conditions in real time, identify
unusual activity, and make automatic adjustments to traffic
signals for smoother vehicle movement. Infrared sensors,
radar, and loop detectors are deployed to measure the
number of vehicles on the road and their speeds, allowing
the system to collect accurate traffic data. Cameras enhance
this capability by capturing images and videos that can help
detect accidents, track vehicle movements, and provide real-
time visual information to traffic control centers. In
addition, RFID and Bluetooth technologies are used to
gather data directly from vehicles, offering a more detailed
view of traffic conditions and enabling better-informed
decision-making. The system utilizes machine learning
algorithms to predict traffic patterns and optimize signal
timings based on real-time data, enabling it to adapt to
changing traffic flow and respond swiftly to issues such as
congestion or accidents. By continuously learning from
traffic data, the system improves its predictive capabilities,
offering long-term benefits for urban mobility. This
comprehensive approach helps reduce traffic congestion,
minimize delays, enhance road safety, and create a more
efficient transportation system in rapidly growing cities,
ultimately improving the overall experience for commuters
and reducing the environmental impact of traffic.

III. SYNTHESIS AND INSIGHTS

A common thread across research in smart traffic control,
air pollution monitoring, and fire detection is the growing
integration of embedded systems, wireless communication,
and data analytics. These technologies are coming together
to reshape how modern cities function. By combining these
systems under one smart infrastructure, cities can become
more efficient, responsive, and sustainable. A smart city
powered by the Internet of Things (IoT) not only improves
daily operations but also helps save time, reduce costs, and
enhance the quality of life for its residents.

A. Smart Traffic Control System Using Motion Sensor

Conventional methods that are currently in use are
becoming increasingly inefficient and costly. With the
advancement of IoT, modern cities are now more dependent
on real-time responses to avoid unnecessary delays and
costs. The system is primarily designed to coordinate traffic,
especially at road intersections. A simple, well-structured
version of the system is built using Arduino Uno.

B. Key Concept

This system consists of Arduino Uno, motion sensors, and
LEDs. The basic principle of this system is “React when
Detect” - that is, when any motion is detected, the

C. System Architecture

LED (which, in the real environment, will be a traffic light
simulated in Packet Tracer) that is green by default will turn
red. It is important to note that the LED that turns red will
be on the other junction - this will happen vice versa.
Considering some scenarios, such as during rush hour, the
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car congestion ratio on the road may reach 1:50. In this
case, a single car will need to wait for 50 other cars to pass,
provided that we are using the motion detection method.
Once motion is detected, it remains active for approximately
5 seconds (depending on the junction size), allowing the car
to pass. During this time, another car may approach, and
this process may continue for subsequent cars. Meanwhile,
the car that arrived just after the first car on the other side of

the road will continue to wait. To address this, a counter is
introduced in the code that counts up to 50, after which it
automatically shifts control to the motion detector on the
other side of the road. This ensures that even if one road is
highly congested, the other road will not face disruptions.
Finally, if both motion detectors are idle, both traffic lights
will remain green.

Motion-Based Traffic Light Control System
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detects motion on Road 1
Y
\
\
\\
\tnggers motionpinl
‘\

L ¥
@ Arduino

= motionpinl: int (Pin 2)
= motionpin2: int (Pin 7)
m ledlpin: int (Pin 4)

m led2pin: int (Pin 8)
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o count2: int

/
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- countl ++
- count2 = 0
- Road 1 gets green (LED1 LOW)
- Road 2 gets red (LED2 HIGH)
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- count2 ++
-countl =0
- Road 2 gets green (LED2 LOW)
- Road 1 gets red (LED1 HIGH)
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® loop()
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\
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Fig.1 System Architecture of Motion-Based Traffic Light Control Using Arduino-Uno

D. Components Used

1. Arduino-Uno: Main microcontroller to process data and

control outputs.

MG811-CO,-Sensor-Module: Detects carbon dioxide

concentration (analog output).

3. 5V-Relay-Module: Controls the high-power exhaust fan

using a low-power Arduino signal.

Exhaust-Fan-(DC/AC): Pulls in polluted air for filtration.

5. Green-LED: Indicates that air is safe (CO. below
threshold).

2.

6. 220Q-Resistor: Current limiting resistor for the LED.

7. Power: Powers the exhaust fan safely without
overloading Arduino.

8. Wires: For making the connections.

E. Algorithm Used in Arduino-Uno

—_

Initialize countl, count2 to 0

if countl > 50

3. Setup Light for road 1 to RED and Light for road 2 to
GREEN.

Delay for 5 seconds.

5. else if (motion detected in road 1, countl < 50 and
countl-++)

Setup Light for road 2 to RED and Light for road 1 to
GREEN, reset count2.

Delay for 5-7 seconds for cars to cross.

8. if count2 > 50

23

9. Setup Light for road 2 to RED and Light for road 1 to
GREEN.

10. Delay for 5 seconds.

11.else if (motion detected in road 2, count2 < 50 and
count2++)

12.Setup Light for road 1 to RED and Light for road 2 to
GREEN, reset countl.

13. Delay for 5-7 seconds for cars to cross.

14.if no motion is detected in either of the roads for 10
seconds reset both counters.

15. Set both the Lights to GREEN.

F. Overall Functionalities

Detects motion on Road 1 using PIR sensor (Pin 2).

Detects motion on Road 2 using PIR sensor (Pin 7).

Controls LED 1 (Pin 4) as red light for Road 1.

Controls LED 2 (Pin 8) as red light for Road 2.

Gives green signal to the road where motion is detected.

Resets the opposite road’s counter when motion is

detected.

Limits motion count to a maximum of 50 to avoid

overflow.

8. Uses a delay (e.g., 5—7 seconds) for cars to safely cross.

9. If no motion is detected on either road for 10 seconds,
resets both counters.

10.Ensures only one road is allowed at a time (prevents
conflicts).

11.Uses millis() for non-blocking time tracking between

motions.

ANl o e
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G. Block Diagram

PIR Sensor Arduino LED
Detects motion P|  motionpin1 (Pin 2) ®| (Red for Road 2)
on Road 1 led1pin (Pin14)
LID Sensor N led2pin (Pin 8) LED
Detects motion Lq ”| (Red for Road 2)
on Road 2

Fig.2 Block Diagram of Traffic Control System Using Arduino

H. Simulation in Packet Tracer

Fig.4 In This stage the Signal Which Didn’t Detect Motion is Red
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IV. 10T BASED SMART AIR POLLUTION
CONTROL

Air pollution is a major concern in the present-day world.
Due to this air pollution, greenhouse gases, airborne
discases, and an overall unhealthy environment have
become significant issues. Modern cities are now struggling
to combat the emission of carbon dioxide while continuing
to expand industries. In this context, it is inevitable to
control carbon dioxide emissions in modern cities to
achieve sustainable development.

- - ==
Fig.5 In This Stage the Other Signal Which Didn’t Detect the Motion is Red

A. Key Concept

The aim of this system is to continuously monitor carbon
dioxide levels, and based on the sensor readings, the blower
becomes operational. The blower absorbs air and sends it to
the carbon dioxide purifier. This process continues until the
sensor value falls below the threshold limit.

B. System Architecture

Air Pollution Control System (CO Detection)

MQ-7 Sensor
{Analog CO Sensor)

Environment

Emits CO gas

wnalog signal (AD)

Arduinge UND
L L]
Read CO Value (AD) Check Threshokd Control Fan (D8)
L | L
Control LED (D7) Print to Serial

0

_-__-;::'::_—____————__,_
%n‘al HEHMWN‘EI HIGH.PL{M Bpm valug

Exhaust Fan Green LED Serial Monitor

Fig.6 System Architecture of Motion-Based Traffic Light Control Using Arduino-UNO

C. Components Used

1. Arduino-Uno: Main microcontroller to process data and
control outputs.

2. MG811-CO,-Sensor-Module: Detects carbon dioxide
concentration (analog output).

3. 5V-Relay-Module: Controls the high-power exhaust fan
using a low-power Arduino signal.

4. Exhaust-Fan-(DC/AC): Pulls in polluted air for filtration.

5. Green-LED: Indicates that air is safe (CO, below
threshold).

6. 220Q-Resistor: Current limiting resistor for the LED.
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7. Power:

Powers the exhaust fan safely without

overloading Arduino.

8. Wires: For making the connections.

D. Algorithm Used in Arduino-Uno

0.

Start system

Initialize serial communication.

Set up sensor input and output pins for exhaust fan and
LED.

Continuously monitor air quality:

Read analog value from the MG811 CO,, sensor.
Display sensor reading on the Serial Monitor.
Analyze CO, level:

If sensor value is above threshold (e.g., 400):
Turn on exhaust fan to remove polluted air.
Turn off green LED (air is not clean).

Else:

Turn off exhaust fan (air is clean).

Turn on green LED to indicate safety.

Repeat every 0.5 seconds.

E. Overall Functionalities

. Monitors CO, concentration in real-time using the

MGS8I11 sensor.

. Analyzes air quality by comparing sensor data to a

predefined threshold.

. Activates the exhaust fan automatically when CO, levels

are high.

. Pulls in polluted air toward a filtration container when

fan is on.

. Purifies air using optional electrodes or filters inside the

container.

. Deactivates the fan when CO, levels return to a safe

range.

. Indicates clean air with a green LED when air quality is

acceptable.

. Continuously loops to ensure ongoing air monitoring and

response.

. Displays CO, levels via the Serial Monitor for real-time

debugging.

F. Block Diagram

MG811 COz Sensor

/

w —
Arduino Uno

Block Diagram: Arduino-Based CO2: Monitoring and Purification System

Analog Input (ACB_j_,-—B-g"rta'TDutput (Safe Indicaror)—__

uUsB (Data Display)
L » Serial Monitor

Digital Output

Y
Relay Module

Controls Power

v
1 2V/SV Supply

Exhaust Fan M

Air Flow

L

Filtration
Container
(with Electrodes)

v

Clean Air Qutput

External Power Supply

™~

Green LED

Fig.7 Block Diagram of CO, Monitoring and Purification System

AJCST Vol.14 No.2 July-December 2025



A Simulation-Based Smart City Architecture Using Arduino and Cisco Packet Tracer

G. Simulation in Packet Tracer

Fig.8 In This Stage CO, is Not Detected

Heater & Fan
Filtratien Unit 1

= [ Fiation uni 2]
‘

g.%

€0, Outlets

Home Speaker
A 1aT10

Fig.9 In This Stage CO, is Detected

H. A Brief Concept of CO; Purifier

Heater & Fan
{ Filtration Unit 1

Fig.10 CO, Purifier

Through the inlet portion of the container (Air Inlet), various electrostatic filters to reduce the CO; in the air. The
harmful air containing CO; enters. It then passes through fresh air is subsequently released through the CO; outlets.
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V. SMART PARKING SYSTEM

In modern cities, cars often find it difficult to locate parking
zones and available parking slots. Many cars need to drive
around the city to search for a suitable parking zone and
then move around the zone to find an available parking slot.
An IoT-based smart parking system in cities will reduce the
time drivers spend searching for parking zones.

A. Key concept

In this system, the parking zone and parking slots will be
managed by motion detectors. If a car is parked in a parking

—

AVAILABLE <~

slot, motion will be detected, causing the LED light (which
should be noticeable) to turn off. If no motion is detected, or
if the parking slot is free, the LED light will turn on,
enabling the driver to optimize time when searching for
parking slots.

If all parking slots are filled, a noticeable banner will turn
red, indicating to drivers that the parking area is full. If not,

the banner will remain green.

B. Simulation in Packet Tracer

Fig.12 In This Stage the Parking Area-1 is Not Available

AJCST Vol.14 No.2 July-December 2025
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=i =i
Fig.13 In This Stage the Parking-Slot 4 is Available

C. Overall Functionalities

1. Motion sensors installed in each parking slot will detect
the presence of vehicles.

. LEDs will indicate the slot status; if the LED is ON, the
slot will be available.

3. A digital and noticeable banner displays GREEN if

slots are available and RED if they are not.

Helps drivers locate free slots quickly, thus reducing

time spent searching and minimizing congestion.

5. Optimizes parking area usage and supports smart urban

infrastructure.

VI. SMART FIRE SAFETY SYSTEM

Due to the advancement of industries and electrical
equipment, it has become a necessity to remain cautious and

implement responsive measures for detecting, avoiding, and
confronting fires to reduce the harm and damage caused by
them. Considering this issue, developing a smart fire
detection and control system is an indispensable
requirement in modern cities.

A. Key Concept

This system primarily consists of a fire detector and a lawn
sprinkler. A fire alarm is connected to the fire detector and is
automatically activated when a fire is detected. This setup is
commonly used in conventional buildings. Additionally, a
sprinkler is positioned in sensitive areas to respond
immediately and help minimize damage in the event of a fire.

B. System Architecture

Fire Safety System Architecture
Arduino
Environment
Detects heat/smoke
Ly O 0 [ O
Fire Detector Servo for Sprinkler Rotating Mator Alarm Buzzer

riggers water flow

Sprinkler System

i

Fig.14 Fire Safety System Architecture

29
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C. Components Used

1.
2.

Arduino-Uno — Microcontroller

Fire Detector Sensor (Analog) — e.g., Flame sensor,
MQ-2, or LM35

Servo Motor (e.g., SG90) — To activate sprinkler
Sprinkler System — Triggered mechanically by the
servo

Alarm Buzzer — Audible fire alert

DC Motor — For rotation (e.g., aiming sprinkler or
ventilation)

Resistors & Wires — For connections and signal
stability

Power Supply (Battery or USB) — To power the
Arduino and peripherals

Breadboard — For prototyping connections

E. Block Diagram

D. Algorithm Used in Arduino-Uno

Initialize servo Pin, fire Pin, alarm Pin, motor Pin
Attach servo to servo Pin

Set alarm Pin and motor Pin as OUTPUT
Loop forever

Read analog value from fire Pin

If fire value > 150

a. Rotate servo to 180° (activate sprinkler)
b. Turn ON alarm

¢.  Turn ON motor

7. Else

a. Rotate servo to 0°

b. Turn OFF alarm

¢. Turn OFF motor

AR o e

Fire Detector

_ Arduine Uno
[

Trigger Alarm

v

DC Motor
(Rotation)

Alarm |

Fire Safety System - Block Diagram

Analog Signal

Activale Rotation

Rotate to Activate Sprinkler

Servo Motor .
(Sprinkler)

Fig.15 Block Diagram of Fire Safety System

F. Simulation in Packet Tracer

AJCST Vol.14 No.2 July-December 2025
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Fig.16 In This Stage Fire is Not Detected thus the Sprinkler is Off
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G. Overall Functionalities

Fire detector continuously monitors the environment.
Fire Alarm is triggered when fire is detected.

Sprinkler system for controlling the fire.

Rapid Automated response system that will minimize
impacts.

Combination of detection, alert, suppression.

Suitable for modern cities.

b

oW

VII. ADVANCED COMMUNICATION SYSTEM
USING IP-TELEPHONES

IP telephones are evolving in smart cities, as they are more
cost-effective and efficient than traditional telephony

Fig.17 In This Stage Fire is Detected and the Sprinkr in On

Fig.18 IP-Telephones are Set Upn the Buildigs

31

systems due to their effectiveness
communication over the internet.

in long-distance

A. Key Concept

This system primarily consists of a router, switch,
communication wires, and IP phones. The IP phones are
connected to the switch, which is connected to the router.
DHCP on the router assigns IP addresses to each phone. A
VLAN is configured on the switch specifically for the IP
phones, and their numbers are assigned through the switch.

B. Simulation in Packet Tracer

IR Fao/s
Fal/3 L=
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& 1P Phones

Physical Config [=]%]] Attributes

00:25a 03/01/93

Fig.19 GUI of IP-Telephone (Telephone-number 54003)

Fig.20 54003 Calling 54001

The phone is ringing

Fig.21 54001 Receiving the Call From 54003

C. Overall Functionalities

1. IP-telephones used to establish internal and external
communications using IP-based technology.

2. IP address assigned through DHCP configuration.

3. Switch connection imposed for ensuring organized and
centralized connection.

4. VLAN used to separate voice traffic from other
networks.

5. Unique phone number assigned for easy identification.

AJCST Vol.14 No.2 July-December 2025
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6. Communication becomes more reliable and cost
effective.

VIII. THE SMART CITY DISCUSSION

In today’s world, developed nations are increasingly
shifting their focus toward building smarter, more
convenient cities. The integration of traffic control using
motion detectors, advanced fire alarm and response systems,
smart parking management, air pollution control systems,
and IP-based communication through IoT technologies adds
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a new dimension to traditional urban infrastructure. These
innovations pave the way for transforming conventional
cities into smart cities. With the growing demand for real-
time systems driven by increasing human needs and
expectations, companies like Cisco are gaining momentum
in the IoT sector. The smart city project designed using
Cisco Packet Tracer aims to enhance user satisfaction,
improve convenience, and elevate citywide safety measures.

—

AVAILABLE <
"NOW

In this smart city model, IoT modules are primarily
connected via wireless gateways and controlled through
tablet PCs. Key modules used include motion detectors,
LEDs, blowers, sprinklers, fire detectors, and IP phones.
Where necessary, modules have been customized and
enhanced using Arduino Uno boards. For traffic control,
motion detectors regulate signals, with logic implemented to
reduce driver wait times during congestion-such as when a

B Fig. 22 Smart C1ty ]mplemented by Packet Tracer

Furthermore, it contributes to cost efficiency and better
urban structuring, laying a foundational framework for
transitioning from conventional to smart cities.

that inform drivers in real time about parking slot
availability. Additional IoT features include a fire safety
system, where sprinklers are activated automatically upon
fire detection, and IP phones that ensure seamless
communication over the internet. The IoT-based smart city
holds great potential for transforming traditional urban
systems into more efficient and intelligent infrastructures.
However, its success will depend on integration with well-

single driver is waiting against more than 50 cars. In the air ~ coordinated civil engineering efforts and effective
pollution control system, the blower activates automatically governance to ensure safety, security, and public
when CO, levels exceed a certain threshold. Smart parking convenience.
is managed through motion sensors linked to digital banners

IX. RESULTS AND ANALYSIS

A. Smart Traffic Control System

Comparison of Vehicles Passed: Conventional vs Smart Traffic System

Conventional System
mm Smart Traffic System

o

Vehicles Passed
- u w = w
=] =] = o L=
o

|

Time (seconds)

Fig.23 Comparison of Vehicles Passed Over Time in Conventional vs Smart Traffic System
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This analysis is conducted based on simulated traffic data
from a major intersection in Dhaka, Mohakhali, where
traffic congestion is a common challenge.

B. Description

The histogram compares the number of vehicles passing
under the Conventional and Smart Traffic Systems over
time.

C. Smart Parking System
This analysis is conducted based on simulated parking

behavior data from a busy commercial parking zone in
Dhaka, Banani, where drivers often face challenges in

locating available parking slots due to high vehicle density
and the lack of real-time slot information.

D. Description

The histogram compares the number of cars roaming in
Conventional vs. Smart Parking Systems across different
times of the day. It clearly shows that smart parking
significantly reduces internal parking congestion by guiding
drivers directly to available slots.

E. Air Pollution Control System

Analysis of CO, concentration levels before and after the
implementation of the smart air pollution control system.
The test is being conducted in the Bashundhara Residential
Area, Dhaka.

Smart Parking vs Conventional Parking: Roaming Car Analysis
[

() w & w =]
o o o =] o

Average Number of Roaming Cars

-l
=]

Afternoon
(123 PM)

Morning
(8-11 AM)

E Conventional Parking
B Smart Parking System

Evening
(47 PM)

Night
(8-11 PM)

Time of Day

Fig.24 Comparison of Vehicles Roaming Around in Parking Areas Over Time in Conventional vs Smart Parking System

Air Quality Before and After loT-Based Smart Pollution Control System

800

S
S

S
o
o

CO: Concentration (ppm)

[X]
o
=1

8 AM

10 AM 12PM

B30 === Safe COs Threshold (400 ppm)

mm Before System
. After System
760

2PM 4 PM 6PM

Time of Day

Fig.25 Comparison of Air Quality Before and After the Implementation of Smart Air Pollution Control System
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F. Description

Here is the histogram showing CO, concentration levels
before and after the implementation of the IoT-based smart
air pollution control system. It illustrates a significant
improvement in air quality, with CO, levels consistently
reduced to safer ranges throughout the day.

G. IP-Telephone System

This analysis is based on an overall cost comparison
between conventional telephony systems and IP telephones.
This is a hypothetical analysis.

Cost Analysis: Conventional Telephony vs IP-Telephony
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Fig.26 Comparison of Cost Between Conventional Telephony System and IP-Telephony

H. Description

The cost analysis histogram compares Conventional
Telephony with IP-Telephony. The chart clearly shows that
IP-Telephony significantly reduces monthly call charges,
maintenance, and scalability costs, making it a more
efficient and sustainable choice for modern communication
systems.

X. CONCLUSION

The vision of the smart city is rapidly becoming a reality,
driven by innovation, connectivity, and purposeful design.
By integrating IoT technologies such as motion detectors,
smart traffic control, automated parking, fire safety systems,
and intelligent air quality monitoring, cities are evolving
toward greater functionality, efficiency, and citizen
convenience. This paper addresses the limitations of
traditional urban systems by proposing a simulation-based
smart city framework utilizing IoT modules, Arduino Uno,
and Cisco Packet Tracer. The results showcase dynamic,
automated responses across key urban domains, offering a
scalable and cost-effective model for real-time city
management. The success of loT-based smart cities depends
not only on advanced networking technologies but also on
interdisciplinary collaboration-particularly between civil
engineering and effective governance. With a clear vision
and coordinated efforts, smart cities have the potential to
significantly enhance daily life and foster a sustainable,
human-centered future.
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XI. OPPORTUNITIES FOR FURTHER STUDY

The combination of technological advancement and
redefined urban societal needs continues to propel the
construction of smart cities. In order to realize the full
benefits provided by such systems, continuous improvement
through research and development activities is needed.
Especially highly prioritized areas of focus, due to the
fusion of the Fourth Industrial Revolution, are the
embedding of Artificial Intelligence (AI) and Machine
Learning (ML) into real-time Internet of Things (IoT)
systems. With a broader perspective, the following areas of
focus for the research and development initiatives describe a
clear vision for the future:

A. Embedded Al and Machine Learning in Real Time
System Integration

The installation of Al and Machine Learning frameworks
into smart city infrastructures will incur higher levels of
adaptation, along with predictive insights and automated
decisions devoid of human intervention when processing
data. The achievement of this goal will mark a milestone in
the evolution of wurban systems that offer smarter
adaptability.

B. IoT Devices, Firewalls, and Cybersecurity Protection
As the degree of connectivity and interrelations within IoT

ecosystems increases, the adoption of reliable advanced
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cybersecurity measures, which incorporate firewalls and
intrusion detection systems, becomes imperative for the
protection of sensitive information and system integrity.

C. System Module Performance Tuning

The development and enhancement of the efficiency and
scalability of system components remain the major
objective. Ensured city frameworks or infrastructures, aided
through automated features, will stand to benefit from the
incorporated optimization.

D. Enhanced Interconnectivity ~Across Smart
Subsystems

City

The smooth intercommunication and fusion of various
elements like transportation, energy, healthcare, and public
safety will be crucial in realizing synchronized and efficient
urban functioning.

E. Development of Administrative Tools for Monitoring and
Management

Administrative ~ responsibility ~ will  require  these
sophisticated systems for concurrent, automatic, or real-time
monitoring, automated maintenance, and data analysis. Such
frameworks will aid in achieving sustainability and enhance
decision-making for managers in the city. At once, these
gaps offer significant potential to increase the effectiveness,
security, and resilience of smart city technologies, and more
fundamentally advance urban living by making it smarter,
safer, and more sustainable.”

Declaration of Conflicting Interests
The author declares no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Funding
The author received no financial support for the research, authorship, and/or
publication of this article.

Use of Artificial Intelligence (AI)-Assisted Technology for Manuscript
Preparation

The author confirms that no Al-assisted technologies were used in the
preparation or writing of the manuscript, and no images were altered using
AL

ORCID

Md Rakeen Islam Nahin “* http://orcid.org/0009-0002-1376-6550

REFERENCES

A. Morchid, “Integrated Internet of Things (IoT) solutions for early fire
detection in smart agriculture,” Sensors, vol. 23, no. 12, p. 3456, 2023.
A. A. Aserkar, S. R. Godla, Y. A. B. El-Ebiary, Krishnamoorthy, and J.
V. N. Ramesh, “Real-time air quality monitoring in smart cities using
IoT-enabled advanced optical sensors,” 2023.

[3] V. H. Vasanthamma, S. Navali, S. S. Shreya, Kritika, and Sharon
Lilly, “Smart traffic control system,” 2023.

A. Bahga and V. Madisetti, Internet of Things: A Hands-On Approach,
2014.

Cisco Press, CCNA 200-301 Official Cert Guide, Vol. 1 & 2,2020.

AJCST Vol.14 No.2 July-December 2025

36

(6]

(10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

S. Felici-Castell et al., “Al-IoT low-cost pollution-monitoring sensor
network to assist citizens with respiratory problems,” Sensors, vol. 23,
no. 23, p. 9585, 2023.

L. Garcia, A.-J. Garcia-Sanchez, R. Asorey-Cacheda, J. Garcia-Haro,
and C.-L. Zufiiga-Cafién, “Smart air quality monitoring loT-based
infrastructure for industrial environments,” Sensors, vol. 22, no. 23, p.
9221, 2022.

J. Bobulski, S. Szymoniak, and K. Pasternak, “An IoT system for air
pollution monitoring with safe data transmission,” Sensors, vol. 24, no.
2, p. 445, 2023.

R. Saritha et al., “Reliability analysis of an IoT-based air pollution
monitoring system using machine learning algorithm-BDBN,”
Cybernetics and Information Technologies, vol. 23, no. 4, pp. 233-250,
2023.

I. Gryech, C. Assad, M. Ghogho, and A. Kobbane, “Applications of
machine learning and IoT for outdoor air pollution monitoring and
prediction: A systematic literature review,” arXiv:2401.01788, 2024.

J. Miao, D. Rajasekhar, S. Mishra, S. K. Nayak, and R. Yadav, “A fog-
based smart agriculture system to detect animal intrusion,”
arXiv:2308.06614, 2023.

A. Morchid, “Integrated Internet of Things (IoT) solutions for early fire
detection in smart agriculture,” Sensors, vol. 23, no. 12, p. 3456, 2023.
S. C. Rai et al., “ITSS: An intelligent traffic signaling system based on
an loT infrastructure,” Electronics, vol. 12, no. 5, p. 1177, 2023.

A. Elsayed, K. Mohamed, and H. Harb, “Enhanced traffic congestion
management with fog computing: A simulation-based investigation
using iFog-Simulator,” arXiv:2311.01181, 2023.

M. Mokhtari, A. Hosseini, A. Habibi, A. Karshenas, and A.
Amoomahdi, “Intelligent traffic control with smart speed bumps,”
arXiv:2307.00433, 2023.

A. L A. Alzahrani, S. H. Chauhdary, and A. A. Alshdadi, “Internet of
Things (IoT)-based wastewater management in smart cities,”
Electronics, vol. 12, no. 12, p. 2590, 2023.

M. H. Kabir et al., “Design and implement loT-based intelligent
manageable smart street lighting systems for future smart city,”
Engineering Proceedings, vol. 56, no. 1, p. 147, 2023.

F. Zhou, C. Pan, and H. Tang, “Sensors on Internet of Things systems
for the sustainable development of smart cities: A systematic literature
review,” Sensors, vol. 24, no. 7, p. 2074, 2024.

Wikipedia contributors, “Air pollution measurement,” *Wikipedia™,
2025. [Online]. Available:
https://en.wikipedia.org/wiki/Air_pollution measurement..

K. Acharya and S. V. Kolekar, “Air quality monitoring system
development using IoT for indoor applications,” Int. J. Intell. Syst. Appl.
Eng.,vol. 12, no. 11s, pp. 8695, 2024.

J. Lee, H. Kim, and S. Park, “Deep learning-based air pollution
forecasting using IoT sensor data in smart cities,” [EEE Internet of
Things Journal, vol. 10, no. 4, pp. 2815-2827, 2023.

M. S. Ahmed, R. R. Z. Khan, and T. Islam, “An IoT framework for
wildfire detection using wireless sensor networks and machine
learning,” Journal of Network and Computer Applications, vol. 210,
2023.

P. Singh, A. K. Singh, and R. K. Tripathi, “Secure IoT-based smart city
architecture with blockchain integration,” [EEE Transactions on
Industrial Informatics, vol. 19, no. 2, pp. 1105-1115, 2023.

Y. Chen, X. Liu, and M. Ding, “A smart traffic management system
with edge computing and deep reinforcement leaming,” [EEE
Transactions on Intelligent Transportation Systems, vol. 24, no. 3, pp.
2345-2355, 2023.

K. Gupta and S. Sharma, “Energy-efficient IoT sensor networks for
urban air quality monitoring,” Sensors, vol. 23, no. 15, p. 6890, 2023.


http://orcid.org/0009-0002-1376-6550
https://en.wikipedia.org/wiki/Air_pollution_measurement.

	II. LITERATURE REVIEW
	B. Key Concept




