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ABSTRACT

The Traffic Monitoring and Control System for Smart City Pollution Regulation Using IoT is an
advanced urban traffic management solution designed to optimize vehicular flow while reducing
environmental pollution. Rapid urbanization and increasing vehicle density have led to severe traffic
congestion and rising air pollution levels in modern cities. This project integrates loT-enabled sensors,
microcontrollers, and cloud computing to monitor traffic density, vehicle speed, and emission levels in
real-time. Traffic flow is analyzed using ultrasonic sensors, infrared vehicle counters, and air quality
sensors deployed at major intersections. ESP32 or ESP8266 microcontrollers process data locally and
transmit it to a cloud dashboard using MQTT or HTTP protocols. The system generates real-time
alerts for congestion, pollution spikes. Traffic lights and dynamic signs are controlled automatically
based on vehicle density and pollution levels, ensuring smooth traffic flow and minimizing emissions.
Historical data is stored for trend analysis, predictive modeling, and long-term urban planning. The
system supports remote monitoring by city authorities via mobile apps or web dashboards, offering
live visualization of traffic conditions, emission levels, and traffic alerts. Safety mechanisms prevent
accidents by dynamically controlling traffic signals and alerting drivers. mitigation of environmental
impact. Modular design permits scalability, integration of additional sensors, cameras, and smart
devices. Security features include encrypted communication, authentication, and device-specific
credentials to prevent unauthorized access. Overall, this loT-based traffic monitoring and pollution
regulation system promotes smart city development, reduces environmental pollution, enhances road
safety, and improves urban living standards.

I.  INTRODUCTION
1.1 Overview

is designed to address these challenges by
integrating  Internet of Things (IoT)

Rapid urbanization and industrial growth have
significantly increased vehicular population in
metropolitan and developing cities. As a result,
traffic congestion and air pollution have
emerged as two of the most critical challenges
affecting urban sustainability, public health,
and quality of life. Conventional traffic control
systems operate on fixed-time signals and
manual monitoring, which are insufficient to
handle dynamic traffic conditions and rising
pollution levels. With the growing demand for
intelligent infrastructure, smart city initiatives
emphasize the adoption of advanced
technologies to optimize traffic flow and
regulate environmental pollution.

The Traffic Monitoring and Control System
for Smart City Pollution Regulation Using IoT

technology, real-time sensing, data analytics,
and automated traffic control. The system
continuously monitors traffic density, vehicle
movement, and air quality parameters at major
intersections. Based on real-time conditions,
traffic signals are dynamically controlled to
reduce congestion and vehicular emissions.
Cloud-based dashboards provide authorities
with actionable insights for effective decision-
making and long-term urban planning.

1.2 Need for the Project

Urban traffic congestion leads to increased
fuel consumption, longer travel times, stress,
and higher emission of pollutants such as
carbon monoxide (CO), nitrogen oxides
(NOx), and particulate matter (PM2.5).
Prolonged exposure to these pollutants poses
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severe health risks, including respiratory
diseases, cardiovascular problems, and
reduced life expectancy. Traditional traffic
control systems lack real-time adaptability and
do not consider pollution levels while
managing traffic flow.
There is a strong need for an intelligent traffic
management system that not only regulates
vehicle movement but also actively contributes
to pollution control. The integration of IoT
enables real-time data collection, wireless
communication, and centralized monitoring.
By adjusting traffic signals based on vehicle
density and pollution intensity, emissions can
be minimized during peak hours. This project
fulfils the need for a smart, automated, and
scalable solution that supports sustainable
urban  development and environmental
protection.

1. Rapid urbanization and population growth
have resulted in a significant increase in
the number of vehicles, leading to severe
traffic congestion in metropolitan and
developing cities.

2. Traditional traffic control systems operate
on fixed signal timings and are unable to
adapt to real-time traffic conditions,
causing unnecessary delays and inefficient
traffic flow.

3. Increasing vehicular traffic has become a
major contributor to air pollution,
releasing harmful gases such as carbon
monoxide (CO), nitrogen oxides (NOx),
and particulate matter, which pose serious
health risks.

4. There is a critical need for a system that
can continuously monitor traffic density
and pollution levels in real time to enable
timely and effective traffic management
decisions.

5. Manual traffic monitoring and control
require extensive manpower and are prone
to human error, making them inefficient
and costly for large-scale urban
environments.

6. Emergency vehicles such as ambulances
and fire engines often face delays due to
congestion, highlighting the need for
intelligent traffic signal control.

7. Existing systems lack centralized data
storage  and  analytics,  preventing
authorities from analyzing historical traffic
and pollution data for long-term planning.

8. With the rise of smart cities, there is a
growing need for automated, loT-based
solutions that integrate traffic management
with environmental monitoring.

9. Real-time alerts and automated control
mechanisms are essential to reduce vehicle
idle time, fuel consumption, and
greenhouse gas emissions.

10. City authorities require remote monitoring
and control capabilities to manage traffic
conditions efficiently from centralized
command centers.

11. The proposed system supports sustainable
urban development by improving traffic
flow, enhancing road safety, and
minimizing environmental impact.

1.3 Problem Statement
Existing traffic management systems suffer
from several limitations such as fixed signal
timings, absence of pollution monitoring,
delayed response to congestion, and lack of
centralized control. These shortcomings result
in inefficient traffic flow, unnecessary idling of
vehicles, increased pollution levels, and higher
accident risks at busy intersections. Manual
intervention is often required, leading to
delayed actions and inconsistent traffic
regulation.

The problem is to design and implement an

IoT-based intelligent traffic monitoring and

control system that can:

e Monitor traffic density and pollution
levels in real time

e Dynamically control traffic signals
based on current conditions

e Reduce vehicular emissions and
congestion
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e Provide centralized monitoring and

data analytics for authorities
The system must be reliable, scalable, secure,
and capable of operating continuously in real-
world urban environments.
1.4 Objectives of the Project
The main objectives of the proposed system
are:

e To design an IoT-based traffic
monitoring system for real-time data
acquisition

e To measure traffic density using
ultrasonic and infrared sensors

e To monitor air pollution levels using
gas and air quality sensors

e To dynamically control traffic signals
based on congestion and pollution data

e To reduce vehicle waiting time and
minimize fuel consumption

e To provide real-time alerts for traffic
congestion and pollution spikes

e To store historical data for analysis
and predictive traffic modeling

e To enable remote monitoring through
a cloud-based dashboard

e To improve road safety and urban
environmental quality

1.5 Scope of the Project

The scope of the Traffic Monitoring and
Control System for Smart City Pollution
Regulation Using IoT extends across multiple
domains of urban infrastructure management.
The system can be deployed at major traffic
intersections, highways, and pollution-prone
zones to regulate traffic efficiently and reduce
environmental impact. It supports integration
with smart traffic lights, digital display boards,
and emergency vehicle prioritization systems.
The project is scalable and can be expanded by
integrating  cameras, Al-based image
processing,  vehicle classification, and
predictive analytics. It can be connected to
smart city command centers for centralized
monitoring. Future enhancements may include
integration with public transport systems,
mobile applications for drivers, and

coordination with law enforcement agencies.
The system also supports long-term urban
planning by providing valuable data for traffic
forecasting, pollution control policies, and
infrastructure development.
1.6 Significance of IoT in Smart Traffic
Management
IoT plays a wvital role in transforming
traditional traffic systems into intelligent and
adaptive networks. Sensors collect real-time
data, microcontrollers process information
locally, and cloud platforms enable large-scale
data storage and analysis. Communication
protocols such as MQTT and HTTP ensure
fast and reliable data transmission. loT-based
systems improve response time, reduce human
intervention, and enable predictive decision-
making.

In the context of pollution regulation, loT

enables continuous monitoring of air quality

and helps identify pollution hotspots. Traffic
signals can be optimized to reduce idle time
and emissions. This project demonstrates how

IoT can effectively bridge the gap between

traffic  management and environmental

sustainability in smart cities.

1.7 Organization of the Report (Extended)

This project report is systematically organized

into multiple chapters to clearly explain the

design, implementation, and evaluation of the

Traffic Monitoring and Control System for

Smart City Pollution Regulation Using IoT.

Each chapter is structured to provide a logical

flow of information, enabling readers to

understand both theoretical concepts and
practical implementation aspects of the
proposed system.

1. The project focuses on real-time
monitoring of traffic density and air
pollution levels at urban intersections
using loT-enabled sensors.

2. It provides automated traffic signal control
based on traffic congestion and pollution
conditions to improve traffic flow and
reduce emissions.
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3. The system  supports  centralized
monitoring through cloud-based
dashboards, enabling remote access for
traffic authorities.

4. Historical data storage allows analysis of
traffic patterns and pollution trends for

better urban planning and decision-

making.
5. The modular and scalable design enables
future expansion to additional

intersections and integration with other
smart city services.
Il.  LITERATURE SURVEY

2.1 Introduction
Traffic congestion and environmental pollution
are major challenges faced by modern cities
due to rapid urbanization and increasing
vehicle  population.  Traditional traffic
management systems are no longer sufficient
to handle dynamic traffic conditions and
growing pollution levels. Researchers across
the world have explored various technologies
such as embedded systems, wireless sensor
networks, Internet of Things (IoT), cloud
computing, and data analytics to improve
traffic monitoring, control mechanisms, and
pollution regulation.
This chapter presents a detailed review of
existing research works related to traffic
monitoring  systems, pollution detection
techniques, loT-based smart traffic control,
cloud-based dashboards, and intelligent signal
management. The literature survey helps
identify limitations in conventional systems
and highlights the importance of integrating
real-time traffic and pollution monitoring for
smart city development. These studies form
the foundation for the proposed Traffic
Monitoring and Control System for Smart City
Pollution Regulation Using IoT.
IoT in Smart Traffic Management
IoT-based traffic management systems have
become essential for urban planning and
congestion reduction. Traditional traffic
monitoring relies on manual counting, CCTV
cameras, or fixed traffic signals, which are

often inefficient and reactive. loT enables real-
time data collection through sensors like
ultrasonic, infrared, and cameras at
intersections. Studies show that IoT traffic
monitoring improves flow efficiency, reduces
congestion, and decreases accident risks. Real-
time dashboards provide city authorities with
actionable insights to manage traffic
dynamically. Wireless communication
protocols such as MQTT, HTTP, and
LoRaWAN allow low-latency data
transmission from sensors to cloud servers.
Research highlights the importance of adaptive
traffic light control, predictive congestion
analysis, and vehicle prioritization for
emergency vehicles. Integrating traffic
monitoring with environmental data provides a
holistic approach to urban management.
Pollution Monitoring in Urban Areas

Air pollution in cities is heavily influenced by
vehicular emissions. Studies emphasize
monitoring pollutants like CO, NO2, PM2.5,
PM10, and volatile organic compounds. loT
sensors deployed along roads can detect
pollution hotspots in real-time. Research
shows that integrating traffic flow data with
pollution measurements enables adaptive
control strategies, such as reducing vehicle
entry in congested areas or prioritizing green
transport routes. Cloud-based dashboards and
analytics provide historical trends, predictions,
and alerts for regulatory compliance. Studies
confirm that real-time monitoring allows
proactive measures to reduce pollution and
protect public health.
Microcontroller-Based 10T Systems
ESP8266, ESP32, and
microcontrollers are widely used in IoT traffic

Arduino

and pollution management systems due to their
connectivity, low power consumption, and
real-time processing capabilities. Research
demonstrates that microcontrollers can collect
and process data from multiple sensors,
control traffic signals, and communicate with
cloud dashboards efficiently. OTA updates
allow remote firmware upgrades, while secure
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communication protocols ensure data integrity.
Microcontroller-based IoT systems enable
scalability and modular integration of
additional sensors or actuators. Two-way
communication allows not only monitoring but
also control of traffic lights and dynamic
signage. Studies confirm the feasibility and
reliability of these systems in real-time smart
city applications.

2.2 Traditional Traffic Management
Systems

Early traffic management systems relied
heavily on manual monitoring and fixed-time
traffic signals. Traffic police manually
controlled signals during peak hours, while
timers were used during non-peak periods.
Several studies indicate that fixed-time signal
systems are inefficient as they do not adapt to
real-time traffic conditions. This often results
in unnecessary waiting times, congestion, and
increased fuel consumption.

Research has shown that traditional systems
lack the ability to monitor vehicle density,
speed, and traffic patterns dynamically.
Moreover, these systems do not consider
environmental factors such as pollution levels
while controlling traffic flow. As a result,
vehicles remain idle for long durations at
signals, increasing emissions of harmful gases
such as CO, NOx, and particulate matter.
These limitations highlight the need for
intelligent and adaptive traffic control systems.
2.3 Sensor-Based Traffic Monitoring
Systems

With advancements in embedded systems,
sensor-based traffic monitoring solutions have
gained significant attention. Researchers have
proposed the use of ultrasonic sensors, infrared
(IR) sensors, magnetic sensors, and inductive
loops to detect vehicle presence and traffic
density at intersections. Ultrasonic sensors are
widely used due to their low cost and ease of
installation.

Studies demonstrate that sensor-based traffic
monitoring improves accuracy in vehicle
detection compared to manual methods.

However, early implementations were often
localized and lacked centralized data
aggregation. These systems could detect traffic
congestion but could not communicate data to
a remote monitoring center for large-scale
traffic management. Additionally, many
systems focused only on traffic flow without
integrating pollution monitoring.

2.4 Pollution Monitoring Techniques in
Urban Areas

Air pollution monitoring has traditionally been
carried out wusing stationary monitoring
stations operated by environmental agencies.
These stations provide accurate data but are
limited in number due to high installation and
maintenance costs. Several research works
highlight that sparse monitoring stations fail to
capture localized pollution variations at busy
intersections and traffic hotspots.

Recent studies propose the use of low-cost gas
sensors such as MQ-series sensors to measure
pollutants like CO, CO2, NOz, and PM2.5 in
real time. Sensor-based pollution monitoring
systems provide localized and continuous data,
enabling timely identification of pollution
spikes. However, many of these systems
operate independently and are not integrated
with traffic control mechanisms, limiting their
effectiveness in pollution mitigation.

2.5 IoT-Based Traffic Monitoring Systems
The emergence of IoT has revolutionized
traffic monitoring by enabling real-time data
collection, wireless communication, and cloud
integration.  Several  researchers  have
developed IoT-based traffic monitoring
systems using microcontrollers such as
Arduino, ESP8266, and ESP32. These systems
collect traffic data through sensors and
transmit it to cloud servers using protocols like
MQTT and HTTP.

2.6 Intelligent Traffic Signal Control
Systems

Intelligent traffic signal control systems
dynamically adjust signal timings based on
real-time traffic conditions. Researchers have
proposed adaptive signal control using sensor
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data, fuzzy logic, and rule-based algorithms.
These systems reduce average waiting time,
improve traffic flow, and decrease fuel
consumption.
Recent studies suggest integrating pollution
data into signal control logic to further reduce
emissions. For example, extending green
signals in high-pollution zones can reduce
vehicle idling time. However, such integrated
systems are still in early stages of research and
require robust loT infrastructure and reliable
data processing mechanisms.
I11.  SYSTEM ANALYSIS
3.1 Existing System
Traditional traffic management systems are
mainly based on fixed-timing traffic signals
and manual traffic control. These systems
operate using pre-programmed signal timings
that do not adapt to real-time traffic
conditions. Traffic police manually manage
congestion during peak hours or emergencies,
which leads to inefficiency and human error.
In many urban areas, traffic monitoring is
carried out using CCTV cameras, inductive
loop detectors, or manual vehicle counting.
Pollution monitoring, if available, is
performed separately by environmental
agencies using standalone air quality
monitoring stations. There is no direct
coordination between traffic control systems
and pollution monitoring mechanisms.
Most existing systems lack real-time data
analytics and automation. Traffic signals do
not respond dynamically to vehicle density or
emission levels. Information is often collected
offline, analyzed later, and used only for
statistical purposes rather than immediate
action. As a result, congestion and pollution
continue to increase in cities.
3.1.1 Disadvantages of Existing System
1. Fixed Signal Timing
Traffic lights operate on static timing
plans that do not adjust according to
real-time traffic density, leading to
unnecessary waiting time and
congestion.

2. High Traffic Congestion
Inefficient traffic flow increases
vehicle idle time at intersections,
resulting in fuel wastage and increased
air pollution.

3. No Pollution-Based Control
Existing systems do not consider air
quality or emission levels while
controlling traffic, which worsens
pollution in high-density zones.

4. Manual Intervention
Heavy dependence on traffic police
increases the possibility of human
error and delays in decision-making.

5. Lack of Real-Time Monitoring
Traffic and pollution data are not
monitored continuously or centrally,
making it difficult to respond quickly
to congestion or pollution spikes.

6. Poor Scalability
Traditional systems are difficult to
expand or upgrade when traffic
volume increases.

7. No Predictive Capability
Existing systems lack data analytics
and forecasting capabilities for traffic
and pollution trends.

3.2 Proposed System

The proposed system integrates loT-enabled
traffic sensors, pollution monitoring sensors,
microcontrollers, and cloud-based dashboards.
Ultrasonic and infrared sensors monitor
vehicle density and speed at intersections. Air
quality sensors measure pollutants like CO,
NO2, PM2.5, and PM10 in real-time. ESP32
or ESP8266 microcontrollers process sensor
data and transmit it to cloud dashboards via
MQTT or HTTP protocols. Traffic signals are
controlled dynamically based on vehicle
density and pollution levels to minimize
congestion and emissions. Real-time alerts and
notifications are sent to authorities and drivers
for high congestion or pollution zones.
Historical data is logged for trend analysis,
predictive modeling, and urban planning.
Security mechanisms, including encrypted
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communication and device authentication,
ensure safe and authorized access. The
modular design allows future expansion with
additional sensors, cameras, and smart traffic
signs. Overall, the system optimizes traffic
flow, reduces environmental pollution,
enhances safety, and enables smart city traffic
and environmental management

The proposed system is an [oT-based Traffic
Monitoring and Control System for Smart City
Pollution Regulation that integrates real-time
traffic density monitoring with air quality
sensing and automated traffic control. The
system uses sensors such as ultrasonic sensors,
infrared vehicle counters, and air quality
sensors installed at intersections.
Microcontrollers like ESP32 or ESP8266
collect and process sensor data locally. The
processed data is transmitted to a cloud
platform using communication protocols such
as MQTT or HTTP. Based on vehicle density
and pollution levels, traffic signals are
dynamically controlled to ensure smooth
traffic flow and reduced emissions.

The system provides real-time visualization
through a web dashboard or mobile
application. Traffic authorities can remotely
monitor congestion levels, pollution status,
and system alerts. Historical data is stored in
the cloud for analytics, trend analysis, and
future urban planning.

3.2.1 Advantages of Proposed System

1. Real-Time Traffic  Monitoring
Continuous monitoring of vehicle
density enables adaptive signal
control.

2. Pollution-Aware Traffic Control
Traffic signals are dynamically
adjusted based on pollution levels,
reducing emissions in critical zones.

3. Reduced Congestion
Optimized signal timing minimizes
waiting time and improves traffic
flow.

4. Automation and Reduced Human
Effort

Automated traffic control reduces
dependency on manual intervention.

5. Remote Monitoring and Control
City authorities can monitor traffic and
pollution data remotely using cloud
dashboards.

6. Data Logging and Analytics
Historical data supports trend analysis,
predictive  modeling, and better
decision-making.

7. Scalability and Flexibility
The modular design allows easy
integration of additional sensors,
cameras, and smart devices.

8. Improved Road Safety
Dynamic signal control reduces
accidents caused by congestion and
improper signal timing.

9. Energy Efficient Operation
IoT-based components consume less
power and support smart energy
management.

IV. HARDWARE

4.1 ARDUINO UNO

The Arduino Uno is a microcontroller board
based on the ATmega328 (datasheet). It has 14
digital input/output pins (of which 6 can be
used as PWM outputs), 6 analog inputs, a 16
MHz ceramic resonator, a USB connection, a
power jack, an ICSP header, and a reset
button. It contains everything needed to
support the microcontroller; simply connect it
to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get
started.

The Uno differs from all preceding boards in
that it does not use the FTDI USB-to-serial
driver chip. Instead, it features the
Atmegal6U2 (Atmega8U2 up to version R2)
programmed as a USB-to-serial converter.
Uno board has a resistor pulling the 8U2 HWB
line to ground, making it easier to put into
DFU mode.Arduino board has the following
new features:

. 1.0 pinout: added SDA and SCL pins
that are near to the AREF pin and two other
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new pins placed near to the RESET pin, the
IOREF that allow the shields to adapt to the
voltage provided from the board. In future,
shields will be compatible both with the board
that use the AVR, which operate with 5V and
with the Arduino Due that operate with 3.3V.
The second one is a not connected pin, that is
reserved for future purposes.

. Stronger RESET circuit.

. Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to
mark the upcoming release of Arduino 1.0.
The Uno and version 1.0 will be the reference
versions of Arduino, moving forward. The
Uno is the latest in a series of USB Arduino
boards, and the reference model for the
Arduino platform; for a comparison with
previous versions, see the index of Arduino
boards.

TegmNuBa® Rnovemoe
l:gan-'ﬂ—.tl Bgats) $

TXum.
axwms  ARDUINO

IR SENSOR

WHAT IS INFRARED?

Infrared is a energy radiation with a frequency
below our eyes sensitivity, so we cannot see it
Even that we can not "see" sound frequencies,
we know that it exist, we can listen them.

HIGHLY
VISIBLE

Even that we can not see or hear infrared, we
can feel it at our skin temperature sensors.
When you approach your hand to fire or warm
element, you will "feel" the heat, but you can't
see it. You can see the fire because it emits
other types of radiation, visible to your eyes,
but it also emits lots of infrared that you can
only feel in your skin.

IR GENERATION

To generate a 36kHz pulsating infrared is quite
easy, more difficult is to receive and identify
this frequency. This is why some companies
produce infrared receives, that contains the
filters, decoding circuits and the output shaper,
that delivers a square wave, meaning the
existence or not of the 36kHz incoming
pulsating infrared.

It means that those 3 dollars small units, have
an output pin that goes high (+5V) when there
is a pulsating 36kHz infrared in front of it, and
zero volts when there is not this radiation.

A square wave of approximately 27uS
(microseconds) injected at the base of a
transistor, can drive an infrared LED to
transmit this pulsating light wave. Upon its
presence, the commercial receiver will switch
its output to high level (+5V).If you can turn
on and off this frequency at the transmitter,
your receiver's output will indicate when the
transmitter is on or off.

Those IR demodulators have inverted logic at
its output, when a burst of IR is sensed it
drives its output to low level, meaning logic
level = 1.

The TV, VCR, and Audio equipment
manufacturers for long use infra-red at their
remote controls. To avoid a Philips remote
control to change channels in a Panasonic TV,
they use different codification at the infrared,
even that all of them use basically the same
transmitted frequency, from 36 to 50kHz. So,
all of them use a different combination of bits
or how to code the transmitted data to avoid
interference.

International Journal of Data Science and loT Management System

IIDIM, 2026, 5- 2(3), 446-460 | 453



ISSN: 3068-272X

International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
www.ijdim.com

Original Research Paper

IR RECEIVER

Description

The TSOP17.. — series are miniaturized
receivers for infrared remote control systems.
PIN diode and preamplifier are assembled on
lead frame, the epoxy package is designed as
IR filter.

The demodulated output signal can directly be
decoded by a microprocessor. TSOP17..is the
standard IR remote control receiver series,
supporting all major transmission codes.
Features

_ Photo detector and preamplifier in one
package

_ Internal filter for PCM frequency

_ Improved shielding against electrical field
disturbance

_ TTL and CMOS compatibility

_ Output active low

_ Low power consumption

_ High immunity against ambient light

_ Continuous data transmission possible (up to
2400 bps)

_ Suitable burst length .10 cycles/burst

Block Diagram
[ |
SUM— — ]
[ e | .';i,'.' | - 7‘ {
| i 01 |
o i ! T |
3ud Deads
- Lol 2 1] Due »4.‘ |
— ‘. »\‘.I
el
Applcation Circult
:-‘.d’ ) 4
| P
WIFI:
Description

The ZG2100M & ZG2101M modules
are low-power 802.11b implementations. All

RF components, the baseband and the entirety
of the 802.11 MAC reside on-module, creating
a simple and cost-effective means to add Wi-
Fi connectivity for embedded devices. The

module(s) implement a high-level API,
simplifying  design  implementation  and
allowing the ZG2100M or ZG2101M to be
integrated with 8- and 16-bit  host
microcontrollers.

Features

» Single-chip 802.11b including MAC,

baseband, RF and power amplifier

» Data Rate: 1 & 2 Mbps

* 802.11b/g/n compatible

* Low power operation

» API for embedded markets, no OS required

* PCB or external antenna options

* Hardware support for AES and RC4 based
ciphers (WEP, WPA, WPA2 security)

* SPI slave interface with interrupt

* Single 3.3V supply, operates from 2.7V to
3.6V (see section 5)

e 2Imm x 31mm 36-pin Dual Flat pack PCB
SM Package

» Wi-Fi Certified, RoHS and CE compliant

*» FCC Certified (USA, FCC ID: W70-
ZG2100-Z2G2101)

* IC Certified (IC: 8248A-G21ZEROG)

* Fully compliant with EU & meets the
R&TTE Directive for Radio Spectrum

[ pos

ZG2100M/ZG2101M  Module: Functional

Block Diagram

Alphanumeric LCD

Liquid Crystal Display also called as LCD is
very helpful in providing user interface as well
as for debugging purpose. The most commonly
used Character based LCDs are based on
Hitachi's HD44780 controller or other which
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are compatible with HD44580. The most
commonly used LCDs found in the market
today are 1 Line, 2 Line or 4 Line LCDs which
have only 1 controller and support at most of
80 characters, whereas LCDs supporting more
than 80 characters make use of 2 HD44780
controllers.

Pin Description

P H R

MQ2- SENSOR

DESCRIPTION
MQ?2 flammable gas and smoke sensor

detects the concentrations of combustible gas
in the air and outputs its reading as an analog

— | ED~

voltage.  The  sensor can  measure
concentrations of flammable gas of 300 to
10,000 ppm. The sensor can operate at
temperatures from -20 to 50°C and consumes
less than 150 mA at 5 V.

Connecting five volts across the
heating (H) pins keeps the sensor hot enough
to function correctly. Connecting five volts at
either the A or B pins causes the sensor to emit
an analog voltage on the other pins. A resistive
load between the output pins and ground sets
the sensitivity of the detector. Please note that
the picture in the datasheet for the top
configuration is wrong. Both configurations
have the same pin out consistent with the
bottom configuration. The resistive load
should be calibrated for your particular
application using the equations in the
datasheet, but a good starting value for the
resistor is 20 kQ.

V. METHODOLOGY &

IMPLEMENTATIONS

This  chapter  describes the  overall
methodology adopted for the design and
implementation of the IoT-based Traffic
Monitoring and Control System. It explains
the working of the block diagram, operational
flow of the system wusing a flowchart
description, and practical applications of the
proposed system in real-world scenarios.

5.1 Methodology Overview

The proposed system follows a modular and
layered approach to monitor traffic density and
pollution levels in real time and control traffic
signals intelligently. ~The methodology
includes data acquisition using sensors, local
processing using a microcontroller, wireless
data transmission to the cloud, intelligent
decision-making, and automated traffic
control.

Traffic density sensors and air quality sensors
are deployed at road intersections to collect
real-time data. The collected data is processed
by an ESP32/ESP8266 microcontroller and
transmitted to a cloud server using loT
communication  protocols.  Based  on
predefined threshold values and control
algorithms, traffic signals are dynamically
adjusted to optimize traffic flow and reduce

pollution.
BLOCK DIAGRAM
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5.2 Block Diagram and Its Working
5.2.1 Block Diagram Description
The block diagram of the system consists of
the following main components:
1. Traffic Density Sensors
2. Air Quality Sensors
3. Microcontroller Unit (ESP32 /
ESP8266)
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4. Communication Module (Wi-Fi)

5. Cloud Server and Dashboard

6. Traffic Signal Control Unit

7. Power Supply Unit
5.2.2 Working of the Block Diagram
Traffic density sensors such as ultrasonic
sensors or infrared sensors are installed near
intersections to detect the number of vehicles
present on the road. These sensors
continuously measure vehicle presence and
traffic congestion levels.
Air quality sensors such as MQ-series sensors
monitor harmful gases like CO, NO., and other
pollutants produced by vehicle emissions. The
sensor readings provide real-time information
about pollution levels at specific locations.
All sensor data is fed into the ESP32 or
ESP8266 microcontroller, which acts as the
central processing unit of the system. The
microcontroller processes the incoming data
and compares it with predefined threshold
values for traffic density and pollution levels.
Using Wi-Fi connectivity, the processed data is
transmitted to a cloud platform through MQTT
or HTTP protocols. The cloud dashboard
displays real-time traffic status, pollution
levels, and signal conditions, enabling
authorities to monitor the system remotely.
Based on sensor data analysis, the
microcontroller controls the traffic signal unit
through relay modules. If traffic density is
high on a particular road, the green signal
duration is increased. If pollution levels
exceed safe limits, traffic flow is regulated to
reduce congestion and emissions.
This intelligent control mechanism ensures
smooth traffic flow, reduced waiting time, and
minimized air pollution.
Flow chart:

Send Data to Clous Senver

m

Coetinae Mositccng

5.3 Flowchart Description

The flowchart represents the logical sequence
of operations carried out by the system from
initialization to traffic control.

1. The system starts and initializes all
hardware = components, including
Sensors, microcontroller, and
communication modules.

2. Traffic density sensors and air quality
sensors begin sensing real-time data.

3. Sensor data is collected and sent to the
microcontroller.

4. The microcontroller processes and
analyzes the received data.

5. The data is compared with predefined
threshold values for congestion and
pollution.

6. If traffic density is high, the traffic
signal timing is adjusted dynamically.

7. 1If pollution levels exceed permissible
limits, traffic flow is regulated to
reduce emissions.

8. Sensor data and system status are
transmitted to the cloud server.

9. The cloud dashboard updates real-time
values and generates alerts if required.

10. The system continues monitoring in a
continuous loop.
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This flowchart ensures real-time operation,
automation, and continuous monitoring
without human intervention.

VI. CONCLUSION & FUTURE
SCOPE
Conclusion

The Traffic Monitoring and Control System
for Smart City Pollution Regulation Using loT
presents an efficient, intelligent, and scalable
solution to the growing problems of urban
traffic congestion and environmental pollution.
With the rapid increase in vehicle population
and urbanization, conventional traffic
management systems are no longer sufficient
to handle dynamic traffic conditions or control
pollution levels. This project successfully
integrates loT technology, real-time sensing,
cloud computing, and automated control to
address these challenges in a unified manner.
The proposed system continuously monitors
traffic density and air quality using sensors
deployed at intersections. Data collected from
these sensors is processed by microcontrollers
and transmitted to a cloud-based dashboard,
enabling real-time visualization and remote
monitoring by city authorities. By dynamically
adjusting traffic signal timings based on traffic
congestion and pollution levels, the system
minimizes vehicle idle time, reduces fuel
consumption, and lowers harmful emissions.
Automation significantly reduces human
intervention and associated errors, leading to
improved efficiency and safety.

The implementation demonstrates that IoT-
based traffic control systems are reliable, cost-
effective, and adaptable for smart city
environments. The integration of data logging
and analytics enables better understanding of
traffic patterns and pollution trends, supporting
data-driven  decision-making and urban
planning. Overall, this project contributes
toward sustainable urban development by
improving traffic flow, reducing environmental
impact, enhancing road safety, and improving
the quality of life for citizens.

Enhanced Traffic Efficiency

e The proposed system effectively
improves traffic flow by dynamically
adjusting signal timings based on real-
time traffic density.

e Reduced vehicle waiting time leads to
smoother movement across

intersections and minimizes

congestion during peak hours.

Reduction in Environmental Pollution
e By decreasing idle time at traffic

signals, the system significantly
lowers fuel consumption and harmful
vehicular emissions.

e Continuous air quality monitoring
helps identify pollution-prone zones
and supports pollution control
strategies.

Automation and Reduced Human

Intervention
e Automated traffic control minimizes

reliance on manual traffic policing and
reduces human error.

e The system ensures consistent and
reliable operation even during high
traffic volumes or adverse conditions.

Real-Time Monitoring and Control
e JoT-enabled sensors and cloud

dashboards provide real-time
visualization of traffic and pollution
data.

e Authorities can remotely monitor
multiple intersections and respond
quickly to critical situations.

Data-Driven Decision Making
e Historical traffic and pollution data

support trend analysis and predictive

planning.
e Insights derived from analytics assist
in long-term infrastructure

development and smart city planning.
Scalability and Flexibility
e The modular system architecture
allows easy expansion to additional
intersections and integration with
other smart city services.
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e New sensors and control mechanisms
can be added without major system
redesign.

Improved Road Safety

o Intelligent traffic control reduces the
risk of accidents caused by congestion
and poor visibility.

e Real-time alerts enhance situational
awareness for traffic authorities.

Support for Smart City Development

e The system aligns with smart city
goals by promoting sustainability,
efficiency, and intelligent resource
management.

e It demonstrates how IoT technology
can transform traditional traffic
systems into smart, eco-friendly
solutions.

Future Scope

The proposed system provides a strong
foundation for further enhancement and large-
scale  smart city deployment. = With
advancements in  technology,  several
improvements and extensions can be
incorporated to make the system more
intelligent, robust, and comprehensive.

One major future enhancement is the
integration of Artificial Intelligence and
Machine Learning algorithms. By analyzing
historical traffic and pollution data, predictive
models can forecast congestion and emission
levels in advance. This allows authorities to
take preventive actions such as rerouting
traffic or adjusting signal timings proactively.
The system can also be extended by
incorporating camera-based traffic monitoring
using computer vision techniques. Al-powered
cameras can classify vehicles, detect traffic
violations, estimate vehicle speed, and identify
accidents in real time. This will significantly
enhance traffic monitoring accuracy and
enforcement.

Another important future scope is the
implementation of emergency vehicle
prioritization. By integrating RFID, GPS, or
siren detection systems, traffic signals can

automatically provide green corridors for
ambulances, fire engines, and police vehicles,
reducing emergency response time and saving
lives.
The project can further evolve by supporting
Vehicle-to-Infrastructure (V20
communication, enabling direct interaction
between vehicles and traffic control systems.
This will be especially useful for connected
and  autonomous  vehicles, improving
coordination and reducing congestion.
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