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Abstract  
The development of intelligent transportation systems and connected vehicle technologies has significantly 
increased the need for reliable vehicular communication and continuous monitoring of environmental conditions. 
This study presents an environmental monitoring system for vehicular communication using an adaptive antenna 
framework designed to improve wireless data transmission and environmental awareness in mobile 
environments.The proposed system is composed of two primary modules: a transmitter unit and a receiver unit. 
The transmitter module measures environmental parameters such as temperature and humidity and sends the 
collected data through a wireless communication link. The receiver module captures the transmitted information 
and displays the monitored environmental values in real time.The developed system contributes to improved 
communication reliability and enhanced environmental awareness for vehicles operating under varying 
atmospheric conditions. Such a system can support multiple smart transportation applications including weather-
aware driving assistance, vehicle safety monitoring, intelligent traffic control systems, and logistics fleet 
management. Overall, the work highlights the integration of adaptive antenna technology with wireless sensing 
for improving communication efficiency in modern vehicular networks. 
Keywords: 
Adaptive antenna system, vehicular communication, environmental sensing, wireless monitoring, intelligent 
transportation systems, temperature and humidity monitoring, vehicular networks, smart mobility. 
 
Introduction 
In recent years, the evolution of intelligent 
transportation systems (ITS) and smart vehicle 
technologies has significantly reshaped the 
transportation ecosystem. Modern vehicles are no 
longer limited to basic mobility functions; instead, 
they are increasingly integrated with advanced 
communication systems, sensing technologies, and 
intelligent decision-making mechanisms. These 
developments enable vehicles to interact with 
surrounding infrastructure, other vehicles, and 
network services, creating a connected 
transportation environment. Vehicular 
communication technologies, commonly known as 
Vehicle-to-Everything (V2X) communication, 
facilitate the exchange of information such as traffic 
conditions, safety warnings, road status, and 
environmental data between vehicles and 
infrastructure elements. Such communication 
capabilities contribute to improved traffic efficiency, 
enhanced safety, and better driving assistance 
systems.Despite these advantages, achieving 
reliable communication in vehicular environments 
remains a complex challenge. High vehicle mobility, 
rapid topology changes, multipath propagation, 
signal attenuation, and interference can significantly 

affect communication performance. Traditional 
fixed antenna systems often struggle to maintain 
stable signal transmission under these dynamic 
conditions. To address these limitations, adaptive 
antenna technologies have been introduced to 
enhance signal strength, improve directional 
transmission, and minimize interference. Adaptive 
antennas are capable of dynamically adjusting 
radiation patterns and beam directions to maintain 
stronger communication links even in rapidly 
changing vehicular scenarios.Apart from 
communication reliability, monitoring 
environmental conditions around vehicles has also 
gained importance in modern transportation 
applications. Environmental parameters such as 
temperature and humidity provide useful 
information for weather-aware driving assistance, 
cargo monitoring in logistics vehicles, and safety-
related applications. Continuous monitoring of these 
parameters can help vehicles respond more 
effectively to changing environmental conditions. In 
this context, the present work focuses on the design 
and development of an environmental monitoring 
system for vehicular communication using an 
adaptive antenna approach. The proposed system 
combines software-based communication analysis 
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with practical hardware implementation. MATLAB 
simulation is used to evaluate antenna 
communication characteristics, while a hardware 
prototype using an Arduino Nano, DHT11 
temperature and humidity sensor, and wireless 
antenna modules is implemented to demonstrate 
real-time environmental sensing and data 
transmission. By integrating sensing and 
communication technologies, the system aims to 
provide efficient environmental monitoring suitable 
for modern intelligent vehicular networks. 
Literature Survey 
A literature review is essential for understanding the 
current research trends and technological 
developments related to vehicular communication, 
adaptive antenna systems, and environmental 
monitoring technologies. Previous studies provide 
valuable insights into communication challenges, 
antenna design strategies, and sensing frameworks 
used in modern transportation networks. By 
reviewing these contributions, it becomes possible 
to identify research gaps and determine how new 
approaches can improve existing systems. 
Several research works have examined the physical 
layer characteristics of vehicular communication 
systems. Liang et al. presented a comprehensive 
study on vehicular communication from a physical 
layer perspective, highlighting challenges related to 
signal fading, interference, and channel variations in 
dynamic vehicular environments. Their work 
emphasizes the importance of optimizing 
communication parameters such as Signal-to-
Interference-plus-Noise Ratio (SINR) to improve 
network reliability. Similarly, Teixeira and 
colleagues investigated vehicular networks 
operating under the IEEE 802.11p communication 
standard. Their analysis focused on performance 
metrics including latency, packet loss, throughput, 
and communication reliability, particularly in high-
density traffic scenarios.Antenna design also plays a 
crucial role in improving vehicular communication 
performance. Katare et al. discussed various 
antenna-related challenges in Vehicle-to-Everything 
(V2X) communication systems, including 
interference, multipath propagation, and antenna 
placement constraints within vehicles. Their 
findings support the adoption of adaptive antenna 
technologies to achieve better signal coverage and 
improved communication stability. In a related 
study, Kim et al. analyzed adaptive antenna array 
communication techniques for vehicle-to-vehicle 
(V2V) systems operating in urban environments. 
Their research demonstrated that adaptive antenna 
arrays can significantly enhance signal quality while 
reducing interference. 
Environmental monitoring in vehicular systems has 
also been explored using wireless sensor networks. 
Mamalis and colleagues proposed a monitoring 
framework that integrates vehicular networks with 
clustered wireless sensor networks to collect 

environmental data using vehicles as mobile sensing 
nodes. This approach highlights the potential of 
combining sensing technologies with vehicular 
communication systems. Furthermore, Singh et al. 
provided a comprehensive survey of vehicular 
communication technologies including V2V, V2I, 
and V2X architectures, discussing current 
challenges and future research opportunities in the 
field.Recent studies have also examined the 
reliability and performance of vehicular 
communication systems in real-world scenarios. 
Petrov et al. analyzed communication reliability in 
vehicular networks used for intersection control 
applications, focusing on latency and performance 
evaluation in dynamic traffic environments. 
Similarly, Ahmed et al. investigated antenna design 
and performance analysis for vehicle-to-vehicle 
communication systems operating at 5.9 GHz, 
examining parameters such as antenna gain, 
radiation pattern, S11 response, and overall 
efficiency. These research contributions collectively 
highlight the importance of improving 
communication reliability and integrating sensing 
technologies within vehicular networks. The 
insights gained from these studies form the 
foundation for the development of the proposed 
adaptive antenna-based environmental monitoring 
system. 
 
System Architecture and Working Principle 
This chapter explains the overall architecture and 
operational concept of the proposed system designed 
for environmental monitoring in vehicular 
communication environments. The developed 
system integrates both hardware implementation 
and software-based simulation to achieve reliable 
wireless communication and continuous monitoring 
of environmental parameters. Presenting the system 
architecture at an early stage helps in understanding 
the complete flow of information before discussing 
the detailed theoretical and implementation aspects 
in later chapters.The system is broadly divided into 
two main sections: a hardware subsystem and a 
software subsystem. The hardware section performs 
real-time environmental sensing, data acquisition, 
wireless communication, and output display. In 
contrast, the software section is used for 
communication modeling, antenna performance 
evaluation, and signal analysis using MATLAB. The 
integration of both subsystems enables the 
validation of communication performance through 
simulation while simultaneously demonstrating the 
feasibility of real-time implementation in vehicular 
environments. 
Hardware Components 
The practical implementation of the proposed 
system is achieved using several embedded 
hardware components that perform sensing, 
processing, communication, and display functions. 
These components collectively enable the system to 
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monitor environmental conditions and transmit the 
information wirelessly between transmitter and 
receiver units. 

 
Fig 1; Arduino Nano 

The Arduino Nano microcontroller serves as the 
central control unit of the system. Built around the 
ATmega328P microcontroller, it is widely used in 
embedded and IoT applications due to its compact 
size, low power consumption, and easy 
programming interface. Within the proposed system, 
the Arduino Nano is used in both the transmitting 
and receiving sections. On the transmitting side, it 
collects temperature and humidity measurements 
from the environmental sensor, processes the 
information, and sends the data to the wireless 
communication module for transmission. On the 
receiving side, the Arduino Nano receives the 
transmitted information from the wireless module 
and controls the display unit to present the 
environmental data to the user. 

 
Fig 2 ;DHT11 Sensor 

Environmental sensing in the system is performed 
using the DHT11 sensor, which is capable of 
measuring both temperature and relative humidity. 
The sensor provides digital output data, simplifying 
the interfacing process with microcontrollers. The 
DHT11 continuously monitors environmental 
conditions surrounding the vehicle and transmits the 
measured values to the Arduino Nano. It operates 
with a supply voltage between 3.3 V and 5 V and is 
widely adopted in embedded monitoring 
applications due to its reliability and cost-
effectiveness. 

 

Fig 3; NRF24L01 Wireless Communication 
Module 

Wireless communication between the transmitter 
and receiver sections is achieved using NRF24L01 
modules. These modules operate in the 2.4 GHz ISM 
frequency band and support high-speed wireless 
data communication with low power consumption. 
One NRF24L01 module is connected to the 
transmitting Arduino Nano to send the 
environmental data, while another module is 
connected to the receiver-side microcontroller to 
capture the transmitted signal. The module is 
selected for its stable performance, compact design, 
and compatibility with embedded platforms. 

 
Fig 4 ;Antenna 

Antenna units are integrated with the wireless 
modules to facilitate effective signal transmission 
and reception. The transmitting antenna radiates the 
wireless signal through the communication channel, 
whereas the receiving antenna captures the signal at 
the destination unit. These antennas enhance 
communication reliability by improving signal 
propagation and reducing transmission losses, which 
is particularly important in vehicular 
communication scenarios. 

 
Fig 5 ;OLED Display 

 
The received environmental data is displayed 
through an OLED display module placed at the 
receiver side. OLED displays are preferred due to 
their compact size, low power consumption, and 
high display clarity. They provide real-time 
visualization of the received temperature and 
humidity values, enabling continuous monitoring of 
environmental conditions. 

 



  ISSN 2277-2685 

IJESR/Jan-Mar. 2026/ Vol-16/Issue-1/594-602 

Kotha Nithya et. al., / International Journal of Engineering & Science Research 

597 
 

Fig 6; PCB Board and Wires 
 

 
Fig 7; Power Supply 

To ensure stable and organized connections among 
system components, a printed circuit board (PCB) 
and interconnecting wires are used. The PCB 
provides reliable electrical connections between the 
microcontroller, sensor, wireless modules, and 
display unit while also improving the structural 
stability of the hardware prototype. A regulated 5 V 
power supply is used to power all system 
components, ensuring continuous and stable 
operation during sensing, processing, and wireless 
communication. 
 
System Block Diagram 
The overall block diagram illustrates the complete 
architecture and operational flow of the proposed 
environmental monitoring and vehicular 
communication system. The process begins with the 
environmental sensing unit, where the DHT11 

sensor continuously measures temperature and 
humidity from the surrounding environment. The 
measured values are transmitted as digital signals to 
the Arduino Nano microcontroller.The 
microcontroller processes the sensor data and 
prepares it for wireless transmission. After 
processing, the data is forwarded to the NRF24L01 
transmitter module, which converts the digital 
information into radio frequency signals. These 
signals are radiated through the transmitting antenna 
and propagate through the wireless communication 
channel.At the receiver side, the receiving antenna 
captures the transmitted signal and forwards it to the 
NRF24L01 receiver module. The receiver module 
converts the wireless signal back into digital data 
and sends it to the Arduino Nano for further 
processing. Finally, the processed environmental 
data is displayed on the OLED display, allowing 
users to observe the received temperature and 
humidity values in real time.In addition to hardware 
operation, MATLAB simulation is integrated into 
the system for communication analysis and antenna 
performance evaluation. MATLAB is used to 
analyze parameters such as radiation patterns, 
antenna gain, beam width, and signal strength, 
enabling theoretical validation of the 
communication framework. 

 
Fig 8; Block Diagram of Environmental Monitoring and Vehicular Communication System 

System Working Methodology 
The operation of the system involves the 
coordinated functioning of the sensing, processing, 
communication, and display units. The process 
begins when the DHT11 sensor continuously 
measures temperature and humidity from the 
surrounding environment. The measured values are 
transmitted to the Arduino Nano microcontroller as 
digital data.The microcontroller processes the 
received sensor values and prepares them for 

wireless transmission. Once processed, the data is 
forwarded to the NRF24L01 wireless module, which 
converts the digital information into radio frequency 
signals. These signals are transmitted through the 
antenna and propagate across the wireless 
communication channel.On the receiving side, the 
antenna captures the transmitted signal and forwards 
it to the NRF24L01 receiver module. The receiver 
module converts the signal back into digital data and 
sends it to the receiver-side Arduino Nano. The 
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microcontroller then processes the received 
information and displays the temperature and 
humidity values on the OLED 
display.Simultaneously, MATLAB simulation is 
used to analyze the communication characteristics of 
the antenna system. Parameters such as radiation 
patterns, antenna gain, beam width, signal strength, 
and Signal-to-Interference-plus-Noise Ratio (SINR) 
are evaluated to understand the theoretical 
performance of the communication system. This 
combined hardware–software approach ensures 
both practical functionality and theoretical 
validation. 
 
Adaptive Antenna-Based Communication and 
Signal Analysis 
Adaptive antenna technology plays a significant role 
in improving wireless communication performance 
in modern vehicular networks. In intelligent 
transportation systems, vehicles frequently 
exchange information related to environmental 
conditions, road safety, and traffic management. 
However, maintaining reliable communication in 
such environments is difficult due to rapid vehicle 
movement, signal attenuation, multipath 
propagation, and interference. 
Traditional antenna systems generally operate with 
fixed radiation patterns and predetermined 
transmission characteristics. Such systems cannot 
dynamically adjust to rapidly changing 
communication conditions in vehicular 
environments, which may lead to reduced signal 
strength and unreliable communication links. To 
overcome these limitations, adaptive antenna 

systems are introduced to dynamically modify 
radiation characteristics and transmission direction 
based on real-time communication conditions. 
Adaptive antennas improve wireless communication 
performance by increasing directional gain, 
minimizing interference, and enhancing the Signal-
to-Interference-plus-Noise Ratio (SINR). As a 
result, they provide improved signal coverage and 
communication reliability in vehicular applications. 
This chapter discusses the communication 
framework, signal analysis methods, and 
performance evaluation metrics associated with 
adaptive antenna systems. 
Adaptive Antenna Communication Framework 
The adaptive antenna communication framework is 
designed to analyze and improve wireless data 
transmission under vehicular conditions. In the 
proposed system, communication analysis is 
performed using MATLAB simulation. The 
simulation environment allows the definition of 
important communication parameters such as 
operating frequency, antenna gain, beam width, and 
signal characteristics.Based on these parameters, the 
simulation analyzes signal propagation, radiation 
patterns, and communication performance. The 
processed signal is transmitted through the adaptive 
transmitting antenna and propagates through the 
wireless communication channel. At the receiver 
side, the adaptive receiving antenna captures the 
transmitted signal and evaluates communication 
quality based on signal strength, SINR, and 
directional properties. 
Wireless Data Transmission and Environmental 
Monitoring Framework 

 

 
Fig 9 ;Block Diagram of wireless data transmission and environmental monitoring framework 

 
In modern intelligent transportation systems, 
reliable wireless communication and continuous 
environmental monitoring are essential for 

improving vehicle safety, operational efficiency, and 
environmental awareness. Vehicles are increasingly 
equipped with sensors and communication modules 
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that enable them to collect environmental data and 
share information with other systems. 
Environmental parameters such as temperature and 
humidity are particularly useful in applications 
including weather-aware driving assistance, 
logistics monitoring, and safety-related decision-
making. The proposed system integrates 
environmental sensing with wireless 
communication to enable continuous monitoring 
and real-time data transmission between vehicular 
units. 
 
Implementation 
Software tools play an essential role in the modeling, 
simulation, and performance verification of modern 
communication systems. In the proposed 
environmental monitoring framework for vehicular 
communication, the software environment is 
primarily used to analyze the adaptive antenna 
communication model and evaluate wireless 
transmission characteristics before implementing 
the hardware prototype. Through simulation, it 
becomes possible to study system behavior under 
different communication conditions without the 
need for immediate physical implementation. 
The software platform allows detailed investigation 
of communication parameters including signal 
strength, antenna radiation characteristics, beam 
width, antenna gain, and the Signal-to-Interference-
plus-Noise Ratio (SINR). These parameters are 
critical in assessing the reliability and efficiency of 
wireless communication in vehicular environments. 
In addition to numerical analysis, the software 
environment also provides graphical visualization 

through simulation plots, enabling clear 
interpretation of antenna behavior and signal 
propagation.Another important advantage of 
software simulation is the ability to verify 
theoretical concepts before hardware development. 
This process reduces potential design errors and 
ensures that the system parameters are optimized 
prior to implementation. Consequently, the 
simulation results obtained from the software 
environment serve as a theoretical foundation for the 
development of the practical hardware prototype 
used in the project. 
MATLAB 
MATLAB, which stands for Matrix Laboratory, is a 
widely used computational platform for engineering 
analysis, scientific computing, and simulation 
modeling. It provides a high-level programming 
environment capable of performing numerical 
computation, signal processing, communication 
analysis, and graphical visualization. Due to these 
capabilities, MATLAB has become a preferred tool 
for research and development in wireless 
communication and antenna design.In the context of 
this project, MATLAB is used to simulate the 
adaptive antenna communication framework and 
analyze important communication parameters. 
These include antenna radiation patterns, gain 
characteristics, beam width, signal strength 
variation, and SINR performance. By modeling 
these parameters in the simulation environment, it 
becomes possible to study the behavior of the 
communication system operating in vehicular 
environments. 
Simulation Tools and Modules 

 
Fig 10; MATLAB Working Environment 
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Fig 11; MATLAB Toolboxes 
 
Several MATLAB modules and toolboxes are used 
in the simulation process to analyze the adaptive 
antenna-based communication framework. These 
modules provide specialized functionalities for 
antenna modeling, communication system 
evaluation, and graphical visualization. 
The Antenna Toolbox is used for antenna modeling 
and performance analysis. It allows the design of 
antenna structures and provides tools for generating 
radiation patterns, calculating antenna gain, and 
evaluating beam width characteristics. This module 
is particularly useful for validating the antenna 
behavior at the operating frequency used in 
vehicular communication. 
Software Implementation Flow 
The implementation of the simulation framework 
follows a systematic procedure. The process begins 
with the initialization of the MATLAB environment, 
which prepares the workspace for performing 
communication analysis. After initialization, the 
required communication parameters are defined. 
These parameters include operating frequency, 
antenna gain, beam width, and SINR values. 
Once the parameters are defined, an antenna model 
is generated within the simulation environment. The 
antenna characteristics are configured according to 
the specified operating conditions, including the 
selected communication frequency of 5.9 GHz. 
After creating the antenna model, signal analysis is 
performed to evaluate signal propagation behavior, 
interference effects, and communication quality. 
Following signal analysis, radiation patterns are 
generated to visualize the directional properties of 
the antenna system. Both two-dimensional and 
three-dimensional plots are used to represent signal 
coverage and gain characteristics. After obtaining 
the radiation patterns, the simulation calculates 
important performance metrics such as SINR, 
antenna gain, beam width, and transmission 
efficiency. 
Finally, graphical outputs are generated and 
analyzed to evaluate system performance. The 
simulation process concludes after confirming that 
the antenna communication framework operates 
efficiently under the defined conditions. 
 
Limitations 
Despite its advantages, the system has certain 
limitations that may affect its performance in 
practical vehicular environments. One limitation is 
the restricted communication range provided by the 
NRF24L01 modules, which are primarily designed 
for short-range wireless communication. 
Another limitation is that the current system 
monitors only temperature and humidity parameters. 
For comprehensive environmental analysis, 
additional sensors such as air quality sensors, gas 
detectors, or pressure sensors may be required. 

There is also a difference between the operating 
frequency used in simulation and the hardware 
communication frequency. While the simulation is 
performed at 5.9 GHz to represent vehicular 
communication standards, the hardware modules 
operate at 2.4 GHz. This difference may lead to 
slight variations between theoretical and 
experimental results.Wireless communication may 
also be affected by environmental factors such as 
interference, obstacles, and multipath signal 
propagation. Finally, the present implementation is 
limited to a single transmitter and receiver 
configuration, which restricts scalability for large 
vehicular networks. 
 
Applications 
The proposed system has several potential 
applications in modern transportation and 
monitoring systems. In intelligent transportation 
systems, it can be used for monitoring 
environmental conditions and supporting 
communication between vehicles and infrastructure. 
The system can also be used in weather-aware 
driving assistance, where environmental data helps 
drivers adapt to changing weather conditions. In 
vehicle safety monitoring applications, the system 
can provide real-time information about surrounding 
environmental conditions.Another important 
application is in logistics and transportation of 
sensitive goods. Monitoring temperature and 
humidity during transportation helps maintain 
product quality in industries such as food supply and 
pharmaceuticals.The system may also be used in 
smart vehicular communication systems that support 
data exchange between vehicles and infrastructure. 
Furthermore, it can be adapted for general 
environmental monitoring applications in smart 
cities. 
 
Simulation Results 
The MATLAB simulation produced several outputs 
that validate the performance of the adaptive 
antenna communication framework. The generated 
radiation pattern diagrams illustrate the directional 
characteristics of the antenna and demonstrate the 
distribution of signal power in different directions. 
The S11 parameter response obtained from 
simulation indicates the impedance matching 
characteristics of the antenna at the operating 
frequency. A noticeable dip in the return loss curve 
near the target frequency confirms efficient antenna 
operation.Three-dimensional radiation pattern plots 
further illustrate the spatial distribution of signal 
strength and provide a clear visualization of antenna 
gain and coverage. These results demonstrate the 
effectiveness of the antenna design in supporting 
vehicular communication applications. 
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Hardware Results 

 
Fig 12; Hardware Prototype of Transmitter and Receiver Setup 

 
The hardware prototype developed for the project 
successfully demonstrated environmental sensing 
and wireless communication functionality. The 
prototype consists of Arduino Nano 
microcontrollers, a DHT11 sensor, NRF24L01 
wireless modules, antenna units, an OLED display, 
and a regulated power supply.During testing, the 
DHT11 sensor successfully measured 
environmental parameters and transmitted the data 
to the microcontroller. The processed data was then 
transmitted wirelessly using the NRF24L01 
communication modules.At the receiver side, the 
transmitted data was successfully received and 
displayed on the OLED display, confirming the 
correct operation of the wireless communication 
system. These results demonstrate the feasibility of 
the system for real-time environmental monitoring 
in vehicular environments. 
 
Conclusion 
The proposed environmental monitoring system for 
vehicular communication using adaptive antenna 
technology has been successfully designed and 
implemented. The main objective of the project was 
to develop a system capable of sensing 
environmental parameters and transmitting the 
information wirelessly in real time.Simulation 
studies conducted using MATLAB verified the 
theoretical communication performance of the 
system. Important parameters such as antenna gain, 
beam width, radiation patterns, wavelength, and 
SINR were analyzed to evaluate the antenna 
communication framework.The hardware 
implementation further confirmed the feasibility of 
the proposed design. The system successfully sensed 
environmental parameters using the DHT11 sensor 
and transmitted the data wirelessly using NRF24L01 
communication modules. The received information 
was displayed on the OLED screen, demonstrating 

successful communication between transmitter and 
receiver units. 
 
Future Scope 
The developed system provides several 
opportunities for further improvement and research. 
Future enhancements may include the integration of 
additional sensors such as gas sensors, air quality 
sensors, and pressure sensors to enable 
comprehensive environmental monitoring. 
The communication framework may also be 
extended to support advanced vehicular 
communication technologies including Vehicle-to-
Vehicle (V2V), Vehicle-to-Infrastructure (V2I), and 
Vehicle-to-Everything (V2X) communication 
systems.Another potential improvement involves 
integrating Internet of Things (IoT) technology and 
cloud-based monitoring platforms. In such systems, 
environmental data can be transmitted to cloud 
servers and accessed remotely through mobile 
applications or web dashboards.Advanced adaptive 
antenna arrays and beamforming techniques can also 
be implemented to improve communication range 
and signal reliability. Additionally, machine learning 
algorithms may be incorporated for predictive 
analysis and intelligent decision-making in 
vehicular communication systems. 
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