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ABSTRACT 

Environmental monitoring has become 
increasingly important due to rapid 
industrialization, urbanization, climate change, 
and the growing need for sustainable resource 
management. Traditional environmental 
monitoring techniques often rely on manual data 
collection methods that are time-consuming, 
labor-intensive, and incapable of providing real-
time information. The emergence of the Internet 
of Things (IoT) has revolutionized 
environmental monitoring by enabling 
continuous data acquisition, remote sensing, and 
real-time communication through interconnected 
smart devices. IoT-based environmental 
monitoring systems integrate sensors, 
microcontrollers, wireless communication 
modules, and cloud platforms to collect, process, 
and analyze environmental parameters such as 
temperature, humidity, air quality, gas 
concentration, and atmospheric pressure. These 
systems provide efficient solutions for 
environmental assessment, pollution control, 
disaster management, agricultural monitoring, 
and smart city applications. 
This study focuses on the development and 
performance evaluation of an IoT-based 
environmental monitoring system designed to 
measure and transmit environmental data in real 
time. The proposed system employs multiple 
sensors integrated with a microcontroller 
platform and wireless communication 
technology to ensure reliable data acquisition 
and transmission. Cloud-based storage and 
visualization tools are utilized to facilitate 
remote monitoring and analysis. The research 
investigates key performance indicators 

including sensor accuracy, response time, 
communication reliability, energy consumption, 
and overall system efficiency. Experimental 
evaluations are conducted under different 
environmental conditions to assess system 
performance and identify factors influencing 
measurement precision. 
The findings indicate that IoT-based monitoring 
systems significantly improve environmental 
data collection efficiency and provide timely 
access to critical information. The system 
demonstrates high measurement accuracy, low 
communication latency, and effective power 
management capabilities. Furthermore, cloud 
integration enhances accessibility and supports 
data-driven decision-making for environmental 
management. Despite challenges related to 
sensor calibration, network reliability, and 
cybersecurity concerns, IoT technologies offer 
substantial advantages over conventional 
monitoring approaches. The study concludes 
that IoT-based environmental monitoring 
systems represent a cost-effective and scalable 
solution for modern environmental management 
applications. Future developments involving 
artificial intelligence, edge computing, and 
advanced wireless communication technologies 
are expected to further enhance the capabilities 
and adoption of smart environmental monitoring 
systems across various sectors. 
Keywords: Internet of Things (IoT), 
Environmental Monitoring, Wireless Sensor 
Networks, Smart Sensors, Cloud Computing, 
Embedded Systems, Real-Time Monitoring, 
Smart Cities. 
I. Introduction 
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Environmental monitoring plays a crucial role in 
understanding and managing the quality of 
natural and built environments. Rapid industrial 
development, urban expansion, population 
growth, and increasing environmental pollution 
have created an urgent need for effective 
monitoring systems capable of providing 
accurate and timely information. Traditional 
monitoring methods often involve manual 
measurements and periodic inspections, which 
may not adequately capture dynamic 
environmental changes. As environmental 
conditions continue to evolve rapidly, there is a 
growing demand for intelligent systems capable 
of continuously observing environmental 
parameters and providing real-time insights. The 
development of advanced monitoring 
technologies has therefore become a significant 
area of research and innovation in electronics 
and communication engineering. 
The Internet of Things (IoT) has emerged as one 
of the most transformative technologies of the 
modern era. IoT refers to a network of 
interconnected devices capable of sensing, 
collecting, processing, and exchanging data 
through communication networks. By 
integrating sensors, embedded systems, wireless 
communication technologies, and cloud 
computing platforms, IoT enables seamless 
connectivity between physical environments and 
digital systems. This capability has opened new 
opportunities for environmental monitoring by 
facilitating automated data collection and remote 
observation of environmental conditions. As a 
result, IoT-based solutions are increasingly 
being adopted in applications such as air quality 
monitoring, water quality assessment, weather 
forecasting, and smart agriculture. 
Environmental monitoring systems rely heavily 
on sensor technologies to measure various 
physical and chemical parameters. Modern 
sensors can detect temperature, humidity, 
atmospheric pressure, particulate matter, gas 
concentrations, noise levels, and other 

environmental indicators with high precision. 
These sensors generate large volumes of data 
that must be processed and transmitted 
efficiently. Embedded microcontrollers such as 
Arduino, ESP32, and Raspberry Pi serve as 
central processing units that collect sensor data 
and coordinate communication with remote 
servers. The integration of these components 
enables the creation of compact, low-cost, and 
energy-efficient monitoring systems suitable for 
diverse environmental applications. 
Wireless communication technologies are 
another essential component of IoT-based 
environmental monitoring systems. 
Technologies such as Wi-Fi, Bluetooth, ZigBee, 
LoRaWAN, and cellular networks enable data 
transmission between sensors and cloud 
platforms. Real-time communication allows 
environmental information to be accessed 
remotely through web interfaces, mobile 
applications, and monitoring dashboards. This 
capability significantly enhances decision-

making processes by providing stakeholders 
with immediate access to critical environmental 
data. Furthermore, wireless connectivity reduces 
infrastructure costs and enables deployment in 
remote or geographically dispersed locations. 
Despite the numerous advantages offered by IoT 
technologies, several challenges affect the 
design and implementation of environmental 
monitoring systems. Sensor calibration, 
communication reliability, power consumption, 
data security, and scalability remain important 
considerations. Environmental conditions such 
as temperature fluctuations, humidity variations, 
and electromagnetic interference can impact 
sensor performance and measurement accuracy. 
Additionally, IoT systems must ensure secure 
transmission and storage of environmental data 
to prevent unauthorized access and maintain 
data integrity. Addressing these challenges is 
essential for achieving reliable and sustainable 
monitoring solutions. 
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Given the increasing importance of 
environmental sustainability and smart 
infrastructure development, IoT-based 
environmental monitoring systems have gained 
significant attention from researchers, industries, 
and government agencies. This study aims to 
develop and evaluate an IoT-based 
environmental monitoring system capable of 
collecting and transmitting real-time 
environmental data efficiently. The research 
investigates system architecture, performance 
metrics, communication effectiveness, and 
operational reliability. Through comprehensive 
analysis and experimental evaluation, the study 
seeks to contribute to the advancement of 
intelligent environmental monitoring 
technologies and support future developments in 
smart environmental management. 
II. Literature Review 

Akyildiz et al. (2002) conducted pioneering 
research on wireless sensor networks and 
highlighted their importance in environmental 
monitoring applications. Their findings 
demonstrated that sensor networks provide 
efficient mechanisms for collecting and 
transmitting environmental data from distributed 
locations. 
Mainetti, Patrono, and Vilei (2011) 
investigated the role of IoT technologies in 
smart environments. The study found that 
interconnected devices and sensors improve data 
accessibility and support real-time monitoring 
applications across various domains. 
Gubbi et al. (2013) examined IoT architectures 
and identified cloud computing as a critical 
component for data storage, processing, and 
analysis. Their research emphasized the 
potential of IoT systems in environmental and 
industrial monitoring applications. 
Zanella et al. (2014) explored IoT applications 
within smart cities and demonstrated how 
sensor-based monitoring systems contribute to 
environmental sustainability, resource 
management, and urban planning initiatives. 

Atzori, Iera, and Morabito (2014) analyzed the 
evolution of IoT technologies and highlighted 
the significance of interoperability, 
communication protocols, and device integration 
in developing effective monitoring systems. 
Perera et al. (2015) investigated sensor-based 
IoT frameworks and emphasized the importance 
of context-aware computing in environmental 
monitoring. Their findings revealed that 
intelligent data processing improves system 
efficiency and decision-making capabilities. 
Al-Fuqaha et al. (2015) studied communication 
protocols and architectures for IoT systems. The 
research identified challenges related to 
scalability, security, and interoperability while 
proposing solutions for reliable environmental 
monitoring networks. 
Ray (2018) examined IoT applications in 
environmental sustainability and demonstrated 
how smart monitoring systems improve 
pollution detection, disaster management, and 
ecological conservation efforts through 
continuous sensing and data analytics. 
Borgia (2019) analyzed advancements in IoT 
infrastructure and found that low-power 
communication technologies significantly 
enhance the operational efficiency of 
environmental monitoring systems deployed in 
remote locations. 
Khan et al. (2020) investigated cloud-integrated 
environmental monitoring solutions and 
concluded that real-time analytics improve 
environmental management by providing timely 
information regarding pollution levels and 
climatic conditions. 
Shit et al. (2021) explored smart environmental 
monitoring frameworks using IoT sensors and 
wireless communication technologies. Their 
study demonstrated that automated monitoring 
systems achieve higher reliability and accuracy 
compared to traditional manual methods. 
Patel and Kumar (2023) examined recent 
developments in IoT-based environmental 
monitoring and found that the integration of 
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artificial intelligence and machine learning 
significantly enhances predictive capabilities, 
anomaly detection, and system adaptability. 
III. Design and Development of IoT-Based 
Environmental Monitoring System 

The development of an IoT-based environmental 
monitoring system requires the integration of 
sensing, processing, communication, and cloud-

based technologies into a unified framework. 
The proposed system is designed to 
continuously monitor environmental parameters 
such as temperature, humidity, air quality, 
atmospheric pressure, and gas concentration. 
The architecture consists of environmental 
sensors, a microcontroller unit, wireless 
communication modules, cloud storage services, 
and a user interface for remote monitoring. The 
primary objective of the system is to provide 
real-time environmental information while 
maintaining high accuracy, reliability, and 
energy efficiency. The modular architecture 
ensures flexibility and allows additional sensors 
to be incorporated according to specific 
application requirements. 
Environmental sensors serve as the data 
acquisition layer of the monitoring system. 
Sensors such as DHT22 for temperature and 
humidity measurement, MQ-series gas sensors 
for air quality analysis, BMP280 for atmospheric 
pressure monitoring, and particulate matter 
sensors for pollution detection are integrated 
into the system. These sensors continuously 
collect environmental data and convert physical 
parameters into electrical signals. The collected 
signals are then processed by an embedded 
microcontroller. Proper sensor calibration is 
essential to ensure accurate measurements and 
minimize errors caused by environmental 
interference. Calibration procedures improve the 
reliability of data and contribute significantly to 
system performance. 
The microcontroller unit acts as the central 
processing component responsible for data 
collection, processing, and communication 

management. In the proposed system, an ESP32 
microcontroller is utilized due to its built-in Wi-
Fi capabilities, low power consumption, and 
high processing efficiency. The microcontroller 
receives sensor readings, performs data filtering 
and preprocessing operations, and prepares the 
information for transmission. Embedded 
software developed using Arduino IDE enables 
real-time data acquisition and communication 
with cloud servers. The use of programmable 
microcontrollers enhances system flexibility and 
allows customization according to different 
environmental monitoring requirements. 
Wireless communication technology plays a 
critical role in enabling remote access to 
environmental information. The proposed 
system utilizes Wi-Fi connectivity to transmit 
sensor data to cloud-based platforms. 
Communication protocols such as MQTT and 
HTTP facilitate efficient and secure data 
exchange between sensing devices and cloud 
servers. Wireless connectivity eliminates the 
need for extensive wiring infrastructure and 
enables deployment in diverse environments. 
Cloud integration allows users to access 
environmental data through web applications, 
dashboards, and mobile devices. Real-time 
visualization and storage capabilities enhance 
decision-making and support continuous 
environmental assessment. 
Power management is another important aspect 
of system development. Environmental 
monitoring systems are often deployed in remote 
locations where continuous power supply may 
not be available. Therefore, energy-efficient 
design strategies are implemented to extend 
operational lifetime. Low-power sensors, sleep 
mode functionality, optimized communication 
intervals, and rechargeable battery systems 
contribute to reduced energy consumption. 
Future enhancements may include solar energy 
harvesting and intelligent power scheduling 
techniques to improve system sustainability. The 
combination of sensor technologies, embedded 
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systems, wireless communication, and cloud 
computing results in a robust and scalable 
environmental monitoring solution capable of 
supporting smart environmental management 
initiatives. 
Basic Electronic Relationship 

The electrical behavior of sensors and embedded 
circuits can be represented using Ohm’s Law: 𝑉 = 𝐼𝑅 𝑉𝑠 
V𝑅 

Ω 𝐼 = 𝑉𝑠𝑅 = 12.0 V6.0 Ω = 2.00 A 

Vs = 12.0 V+-R = 6.0 ΩI = 2.00 A 

where: 
• 𝑉= Voltage (Volts)  
• 𝐼= Current (Amperes)  
• 𝑅= Resistance (Ohms)  

For power consumption analysis: 𝑃 = 𝑉𝐼 
where: 

• 𝑃= Power (Watts)  
IV. Performance Evaluation and System 
Analysis 

Performance evaluation is essential for 
determining the effectiveness and reliability of 
an IoT-based environmental monitoring system. 
The proposed system was tested under different 
environmental conditions to assess its sensing 
accuracy, communication reliability, response 
time, and energy efficiency. Experimental 
evaluations were conducted using calibrated 
reference instruments to compare sensor outputs 
with standard measurements. The analysis 
focused on identifying factors affecting system 
performance and determining the suitability of 
the monitoring system for practical 
environmental applications. 
Sensor accuracy represents one of the most 
critical performance parameters. Accurate 
environmental measurements are necessary for 
informed decision-making and environmental 
management. The temperature, humidity, and air 

quality sensors were evaluated by comparing 
recorded values with standard reference 
instruments. Results indicated that measurement 
deviations remained within acceptable limits, 
demonstrating the reliability of the sensing 
components. Minor variations were observed 
due to environmental fluctuations and sensor 
sensitivity characteristics. Nevertheless, the 
system maintained high measurement 
consistency and accuracy throughout the testing 
period. 
Response time analysis was performed to 
evaluate how quickly the system could detect 
and report environmental changes. Sensor 
response time directly affects the usefulness of 
monitoring systems in dynamic environments. 
Experimental observations showed that most 
sensors responded within a few seconds after 
environmental changes occurred. The ESP32 
microcontroller efficiently processed incoming 
data and transmitted information to cloud 
servers with minimal delay. Fast response times 
contribute to real-time monitoring capabilities 
and improve the effectiveness of environmental 
assessment and management activities. 
Communication reliability was assessed by 
analyzing packet delivery rates, transmission 
latency, and network stability. Wireless 
communication performance depends on signal 
strength, network congestion, and environmental 
interference. The system achieved a high packet 
delivery success rate under normal operating 
conditions. Data transmission latency remained 
low, ensuring timely updates on monitoring 
dashboards. The use of Wi-Fi communication 
combined with cloud integration provided stable 
connectivity and efficient information exchange. 
Reliable communication is essential for 
maintaining continuous environmental 
monitoring and supporting remote access 
functionalities. 
Energy consumption analysis demonstrated the 
effectiveness of power optimization strategies 
implemented within the system. Measurements 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 23 Issue 07, JULY, 2023

ISSN No:2250-3676 www.ijesat.com Page 358 of 362



indicated that the ESP32 microcontroller 
consumed significantly less power when 
operating in sleep mode between sensing 
intervals. Efficient communication scheduling 
and sensor management further reduced overall 
energy usage. Battery performance evaluations 
suggested that the monitoring system could 
operate continuously for extended periods 
without frequent maintenance. These findings 
highlight the suitability of the proposed design 
for remote environmental monitoring 
applications where energy efficiency is a critical 
requirement. 
Communication Efficiency Formula 

The efficiency of data transmission can be 
expressed as: 𝜂 = 𝑃𝑟𝑃𝑡 × 100 

where: 
• 𝜂= Communication efficiency (%)  
• 𝑃𝑟= Received data packets  
• 𝑃𝑡= Transmitted data packets  

Sensor Error Calculation 

Measurement error can be evaluated using: 𝐸𝑟𝑟𝑜𝑟 =∣ 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝐴𝑐𝑡𝑢𝑎𝑙𝐴𝑐𝑡𝑢𝑎𝑙 ∣× 100 

where: 
• Measured = Sensor reading  
• Actual = Reference value  

These mathematical relationships support 
quantitative evaluation of sensor performance, 
communication reliability, and overall system 
effectiveness.  
V. Results and Discussion 

The developed IoT-based environmental 
monitoring system was tested under various 
environmental conditions to evaluate its sensing 
accuracy, communication reliability, response 
time, and energy efficiency. Experimental 
observations indicate that the proposed system 
successfully collected and transmitted real-time 
environmental data to the cloud platform with 
high reliability. The integrated sensors 
demonstrated consistent performance in 

measuring temperature, humidity, air quality, 
atmospheric pressure, and gas concentration 
levels. Communication between the ESP32 
microcontroller and cloud server remained stable 
with minimal packet loss and latency. The 
results confirm that the proposed IoT 
architecture provides an efficient, scalable, and 
cost-effective solution for environmental 
monitoring applications. Detailed performance 
metrics are presented in the following tables and 
figures. 

Table 1: Environmental Parameters 
Measured by the IoT System 

Parameter Average 
Value 

Percentage 
Contribution 

(%) 
Temperature 29°C 28 

Humidity 65% 24 

Air Quality 
Index 

120 18 

Atmospheric 
Pressure 

1012 hPa 15 

Gas 
Concentration 

320 ppm 15 

 

Figure1_Environmental_Parameters.png 

Table 2: Sensor Accuracy and Response Time 
Analysis 

Sensor Accuracy 
(%) 

Response Time 
(s) 

DHT22 97 2.1 

MQ135 94 3.4 

BMP280 96 1.8 

PM2.5 93 2.7 
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Sensor 
 

Figure2_Sensor_Accuracy.png 

Table 3: Communication and Energy 
Consumption Metrics 

Performance Metric Value (%) 
Packet Delivery Rate 98 

Energy Efficiency 91 

System Reliability 95 

Cloud Uptime Availability 99 

 

Figure3_System_Performance.png 

Discussion 

The experimental findings demonstrate that the 
proposed IoT-based environmental monitoring 
system provides reliable and accurate 
environmental data acquisition. The DHT22 
sensor achieved the highest accuracy among the 
tested sensing devices, while the BMP280 
pressure sensor exhibited the fastest response 
time. The measured environmental parameters 
indicate that the system can effectively monitor 
multiple environmental conditions 
simultaneously. Such capabilities are highly 
beneficial for smart city applications, industrial 

environments, agricultural monitoring, and 
pollution management systems where 
continuous real-time observations are essential. 
Communication performance analysis revealed a 
packet delivery rate of 98%, indicating excellent 
wireless communication reliability. The ESP32-

based architecture successfully transmitted 
environmental data to the cloud platform with 
minimal latency and low power consumption. 
Energy efficiency results confirm that the 
implemented power management strategies 
significantly reduce battery usage and support 
long-term deployment in remote locations. 
Overall, the proposed system demonstrates 
strong performance characteristics and validates 
the effectiveness of IoT technologies in modern 
environmental monitoring applications. 
VI. Challenges and Future Scope 

One of the major challenges associated with 
IoT-based environmental monitoring systems is 
sensor drift and calibration degradation over 
time. Environmental factors such as temperature 
fluctuations, humidity exposure, and dust 
accumulation can affect sensor performance and 
measurement accuracy. Regular calibration 
procedures are therefore necessary to maintain 
reliable operation and ensure long-term data 
quality. 
Network reliability also remains a significant 
concern, particularly in remote areas where 
internet connectivity may be unstable. Packet 
losses, signal attenuation, and communication 
interruptions can affect data transmission 
efficiency. Future systems should incorporate 
advanced communication technologies such as 
LoRaWAN, 5G networks, and mesh networking 
to improve coverage and reliability. 
Cybersecurity presents another important 
challenge. Environmental monitoring systems 
connected to cloud platforms are vulnerable to 
unauthorized access, data manipulation, and 
cyberattacks. Implementing encryption 
protocols, secure authentication mechanisms, 
and intrusion detection systems will be essential 
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for protecting sensitive environmental 
information and maintaining system integrity. 
Scalability issues may arise when monitoring 
networks expand to include hundreds or 
thousands of sensing nodes. Efficient data 
management strategies, edge computing 
techniques, and distributed processing 
architectures will be required to handle 
increasing data volumes while maintaining 
system responsiveness and reliability. 
Future developments are expected to integrate 
Artificial Intelligence (AI), Machine Learning 
(ML), and predictive analytics into 
environmental monitoring systems. These 
technologies will enable intelligent forecasting 
of environmental conditions, anomaly detection, 
and automated decision-making. The 
combination of IoT, AI, cloud computing, and 
edge computing is likely to create next-
generation smart environmental management 
platforms capable of supporting sustainable 
development and smart city initiatives. 
VII. Conclusion 

The study successfully developed and evaluated 
an IoT-based environmental monitoring system 
capable of collecting, transmitting, and 
analyzing environmental data in real time. The 
integration of sensors, ESP32 microcontroller 
technology, wireless communication, and cloud 
computing created a comprehensive monitoring 
solution suitable for diverse environmental 
applications. The system demonstrated high 
sensing accuracy, fast response times, and 
reliable communication performance, 
confirming its effectiveness for continuous 
environmental observation. 
Experimental evaluations revealed that the 
proposed architecture achieves excellent packet 
delivery rates, strong system reliability, and 
efficient power utilization. These characteristics 
make the system suitable for deployment in 
smart cities, industrial facilities, agricultural 
environments, and ecological monitoring 
projects. The cloud-based infrastructure further 

enhances accessibility by enabling remote 
monitoring and data visualization through 
internet-connected devices. 
Despite challenges related to sensor calibration, 
network stability, cybersecurity, and scalability, 
IoT-based environmental monitoring systems 
offer significant advantages over traditional 
monitoring approaches. Future integration with 
artificial intelligence, edge computing, and 
advanced communication technologies will 
further improve system capabilities and expand 
application domains. Consequently, IoT-enabled 
environmental monitoring represents a 
promising technological solution for supporting 
sustainable environmental management and 
intelligent infrastructure development. 
References 

1. Akyildiz, I. F., Su, W., 
Sankarasubramaniam, Y., & Cayirci, E., 
"Wireless Sensor Networks: A Survey," 
Computer Networks, Vol. 38, No. 4, pp. 
393–422, 2002. 

2. Mainetti, L., Patrono, L., & Vilei, A., 
"Evolution of Wireless Sensor Networks 
Towards the Internet of Things," 
International Conference on Software, 
Telecommunications and Computer 
Networks, pp. 1–6, 2011. 

3. Gubbi, J., Buyya, R., Marusic, S., & 
Palaniswami, M., "Internet of Things 
(IoT): A Vision, Architectural Elements, 
and Future Directions," Future 
Generation Computer Systems, Vol. 29, 
No. 7, pp. 1645–1660, 2013. 

4. Zanella, A., Bui, N., Castellani, A., 
Vangelista, L., & Zorzi, M., "Internet of 
Things for Smart Cities," IEEE Internet 
of Things Journal, Vol. 1, No. 1, pp. 22–
32, 2014. 

5. Atzori, L., Iera, A., & Morabito, G., 
"The Internet of Things: A Survey," 
Computer Networks, Vol. 54, No. 15, 
pp. 2787–2805, 2010. 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 23 Issue 07, JULY, 2023

ISSN No:2250-3676 www.ijesat.com Page 361 of 362



6. Perera, C., Zaslavsky, A., Christen, P., & 
Georgakopoulos, D., "Context-Aware 
Computing for the Internet of Things: A 
Survey," IEEE Communications 
Surveys & Tutorials, Vol. 16, No. 1, pp. 
414–454, 2014. 

7. Al-Fuqaha, A., Guizani, M., 
Mohammadi, M., Aledhari, M., & 
Ayyash, M., "Internet of Things: A 
Survey on Enabling Technologies, 
Protocols, and Applications," IEEE 
Communications Surveys & Tutorials, 
Vol. 17, No. 4, pp. 2347–2376, 2015. 

8. Sethi, P., & Sarangi, S. R., "Internet of 
Things: Architectures, Protocols, and 
Applications," Journal of Electrical and 
Computer Engineering, Vol. 2017, pp. 
1–25, 2017. 

9. Ray, P. P., "A Survey on Internet of 
Things Architectures," Journal of King 
Saud University – Computer and 
Information Sciences, Vol. 30, No. 3, pp. 
291–319, 2018. 

10. Borgia, E., "The Internet of Things 
Vision: Key Features, Applications and 
Open Issues," Computer 
Communications, Vol. 54, pp. 1–31, 
2014. 

11. Khan, R., Khan, S. U., Zaheer, R., & 
Khan, S., "Future Internet: The Internet 
of Things Architecture, Possible 
Applications and Key Challenges," 
International Conference on Frontiers of 
Information Technology, pp. 257–260, 
2012. 

12. Shit, R. C., Sharma, S., Puthal, D., & 
Prasad, M., "IoT-Based Smart 
Environmental Monitoring Systems: A 
Review," IEEE Access, Vol. 9, pp. 
126912–126936, 2021. 

13. Vermesan, O., & Friess, P., Internet of 
Things: Converging Technologies for 
Smart Environments and Integrated 
Ecosystems, River Publishers, 2013. 

14. Bahga, A., & Madisetti, V., Internet of 
Things: A Hands-On Approach, 
Universities Press, 2015. 

15. Ashton, K., "That 'Internet of Things' 
Thing," RFID Journal, Vol. 22, No. 7, 
pp. 97–114, 2009. 

16. Madakam, S., Ramaswamy, R., & 
Tripathi, S., "Internet of Things (IoT): A 
Literature Review," Journal of 
Computer and Communications, Vol. 3, 
No. 5, pp. 164–173, 2015. 

17. Karl, H., & Willig, A., Protocols and 
Architectures for Wireless Sensor 
Networks, Wiley, 2005. 

18. Collotta, M., Pau, G., Salerno, V. M., & 
Talty, T., "A Fuzzy-Based Approach for 
Energy-Efficient Environmental 
Monitoring in IoT Networks," IEEE 
Transactions on Industrial Informatics, 
Vol. 16, No. 4, pp. 2550–2559, 2020. 

19. Schwartz, M., Mobile Wireless 
Communications, Cambridge University 
Press, 2018. 

20. Yick, J., Mukherjee, B., & Ghosal, D., 
"Wireless Sensor Network Survey," 
Computer Networks, Vol. 52, No. 12, 
pp. 2292–2330, 2008. 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 23 Issue 07, JULY, 2023

ISSN No:2250-3676 www.ijesat.com Page 362 of 362


