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ABSTRACT : 
Agriculture plays a foundational role in India's economy, engaging nearly half of the country's 
population. However, traditional farming methods often face challenges like resource inefficiency, 
labor shortages, and limited real-time data for effective decision-making. This project, titled "Multi 
Agricultural Technology Using Ad Hoc Wireless Network," proposes a solution through the 
development of an ad hoc wireless network that connects various agricultural sensors and devices. 
This network provides farmers with real-time data on critical factors like soil moisture, temperature, 
humidity, and crop health, enabling more precise and efficient farm management.The ad hoc 
wireless network operates without reliance on existing infrastructure, making it particularly suited 
for rural and remote areas where connectivity can be limited. By automating essential tasks such as 
irrigation and fertilization based on sensor feedback, the system helps optimize resource use, 
minimize human labor, and improve crop yield. Through a mesh network design, the system ensures 
reliable and scalable communication across large agricultural fields, adapting to different crops and 
regional needs.Preliminary testing shows significant improvements in resource conservation, labor 
efficiency, and crop productivity. This project demonstrates the potential for ad hoc networks to 
revolutionize agriculture by making it more sustainable, data-driven, and accessible, offering a 
transformative solution for India’s diverse agricultural landscape. 
Keyword:Ad hoc wireless network,Precision agriculture,Real-time monitoring,IoT in 
agriculture,Automated irrigation. 
 
INTRODUCTION : 
Agriculture is the backbone of many economies, and its success hinges on timely access to data and 
resources. In many rural and remote agricultural regions, traditional communication infrastructure is 
limited, creating a gap in the efficient delivery of agricultural solutions. An ad hoc wireless network 
offers an effective, low-cost alternative by enabling devices to communicate directly with each other, 
forming a decentralized mesh network. This type of network is especially useful in expansive 
agricultural areas, where centralized networks are difficult and costly to implement. 
The Multi Agricultural Technology Using Ad Hoc Wireless Network project seeks to address these 
challenges by developing a system where sensor nodes can autonomously communicate 
environmental and crop-related data across a network without relying on fixed infrastructure. This 
includes monitoring parameters like soil moisture, temperature, humidity, and crop health in real-
time, giving farmers actionable insights for improving crop management. The ad hoc wireless 
network’s flexibility also allows for easy scalability, with nodes being added or removed without 
affecting overall network performance. 
Through this innovative approach, the project aims to support data-driven agriculture, allowing 
farmers to make informed decisions on water usage, pest control, and fertilization. This system 
promises to reduce resource wastage, promote sustainable farming practices, and ultimately improve 
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yields, benefiting both the environment and the farming community. 
This project, "Multi Agricultural Technology Using Ad Hoc Wireless Network," addresses the 
unique connectivity and operational challenges in agriculture by creating an ad hoc wireless network. 
Unlike traditional networks, ad hoc networks enable direct device-to-device communication, 
eliminating dependence on centralized infrastructure. The network connects various environmental 
sensors that monitor soil moisture, temperature, humidity, and other critical data points[1]. 
 
LITERATURE REVIEW: 
Wireless Sensor Networks (WSNs) in Agriculture : 
Various researchers have studied the deployment of WSNs in agriculture for monitoring soil 
conditions, climate parameters, and crop health. These studies highlight the advantages of using 
WSNs for continuous monitoring and real-time data transmission to assist in precision farming. In 
the work of S. Misra et al. (2015), a network of soil moisture and temperature sensors was developed 
to provide irrigation scheduling support to farmers. This system allowed real-time data collection 
from various parts of the field and provided farmers with actionable insights for water conservation. 
However, traditional WSNs rely heavily on a central node, which limits scalability and network 
resilience. 
Ad Hoc Wireless Networks for Remote and Rural Applications: 
Ad hoc networks have shown promise in overcoming the limitations of centralized WSNs by 
creating a decentralized communication structure. R. Kumar and S. Rajasekaran (2017) studied ad 
hoc networks in rural areas, demonstrating their potential for applications where network 
infrastructure is lacking. Ad hoc networks, by definition, allow nodes to communicate directly or 
relay data across multiple nodes, enhancing coverage and connectivity in large, isolated agricultural 
fields. This work shows the feasibility of using ad hoc networks to support communication in rural 
agriculture but lacks the multi-sensor integration essential for a comprehensive agricultural 
management system. 
Mesh Network Protocols for Agriculture: 
The ZigBee protocol is a commonly explored technology in precision agriculture due to its low 
power consumption and effective mesh networking capabilities. In a study by Y. Lu et al. (2018), 
ZigBee-based mesh networks were implemented to monitor and relay data from distributed 
environmental sensors across large fields. The study demonstrated successful data transmission over 
extended distances; however, ZigBee’s limitations in data rates and interference susceptibility in 
dense network deployments suggest the need for alternative mesh protocols, such as LoRaWAN, 
which offers longer range and better scalability in agricultural applications. 
IoT and Cloud-Based Solutions for Data Processing and Visualization: 
Cloud platforms and IoT technologies have enabled remote access to agricultural data, allowing 
farmers to monitor their crops and environmental conditions from afar. For example, A. Belay and 
F. Taye (2019) presented an IoT-based agricultural monitoring system that utilized cloud services to 
store, process, and visualize data collected from sensors deployed on farms. This approach improves 
data accessibility but depends on reliable internet connectivity, which may not always be available 
in remote regions. In contrast, the ad hoc network approach offers a more resilient alternative, as 
data communication does not rely on continuous cloud connectivity. 
Multi-Purpose Agricultural Monitoring Systems: 
Integrating various sensors to monitor multiple parameters has also been a focus in agricultural 
research. In a study by K. Ramesh et al. (2020), a system with soil, temperature, and 
humidity sensors was deployed to provide a comprehensive view of the crop environment. This 
multi-sensor approach proved beneficial for making informed decisions but was limited in range and 
scalability due to its reliance on a central server for data aggregation and analysis. 
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CHALLENGES AND LIMITATIONS: 
Implementing an agricultural automation system powered by solar energy, with ad hoc wireless 
networks, sensors, and motorized components, involves several challenges and limitations. 
Managing power reliability is a key issue, as solar power can be inconsistent due to weather 
variations and limited sunlight hours, which may affect the availability of energy for irrigation and 
monitoring tasks, especially when battery capacity is insufficient. Sensor accuracy poses another 
challenge; soil moisture and environmental sensors are subject to drift and can be influenced by soil 
type and environmental conditions, requiring regular calibration to maintain data integrity. Network 
stability in ad hoc wireless setups is also a concern, as rural landscapes, physical obstructions, 
weather conditions, and interference can all contribute to signal loss or data transmission delays, 
impacting the system's ability to collect and process real-time data.[2]Furthermore, data processing 
and storage constraints can hinder the system’s efficiency, as the ESP32 microcontroller has limited 
memory and computational resources, which can restrict its ability to handle large volumes of sensor 
data and image processing from the camera. These challenges suggest a need for energy-efficient 
hardware, periodic sensor calibration, robust network protocols, and potentially offloading intensive 
data processing to edge devices or cloud platforms to ensure reliable and responsive field operations. 
Interpretation: 
The agricultural automation system is designed to improve crop management by automating 
irrigation and monitoring field conditions using sustainable power and wireless communication. 
Solar panels power the system, while a soil moisture sensor monitors moisture levels, enabling 
precise irrigation only when needed, which helps save water and increase crop yield. An ESP32 
microcontroller, serving as the central processor, manages these irrigation functions and coordinates 
additional tasks like activating motors and controlling components for other agricultural activities. 
Visual data from a camera adds another layer of field analysis, allowing for assessments of crop 
health, pest detection, and environmental conditions, which can help make informed decisions and 
enhance productivity. Despite its advanced capabilities, the system faces several challenges. Solar 
power is variable and may limit operation during low-light conditions, and sensor accuracy can drift 
over time, impacting data reliability.[3]The ad hoc wireless network, essential for real-time data 
exchange, is sensitive to interference from the terrain and weather, which may affect connectivity. 
Lastly, the ESP32’s limited processing power can constrain its ability to handle extensive data from 
sensors and the camera feed, highlighting a need for more robust processing or edge computing 
solutions. These factors underscore the complexity of developing a fully autonomous, reliable 
agricultural system that can operate efficiently in diverse and often unpredictable field environments. 
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FINDINGS: 
The findings from implementing the agricultural automation system reveal both strengths and 
challenges. The system’s use of solar power offers a sustainable and energy-efficient solution, 
crucial for remote and off-grid areas, though fluctuations in solar energy due to weather conditions 
pose potential risks to consistent operation, necessitating careful power management. The 
integration of soil moisture sensors significantly improves resource management by enabling precise 
irrigation based on real-time soil conditions, thus conserving water and enhancing crop yield. 
Additionally, the use of visual monitoring via cameras provides valuable data for assessing crop 
health, pest presence, and environmental conditions, empowering farmers with data-driven insights 
for timely interventions.[4]However, 
interference can disrupt signal transmission, affecting real-time data exchange. Sensor accuracy also 
presents an issue, as moisture and environmental sensors may require regular calibration to avoid 
drift and maintain reliable data for decision-making. The ESP32 microcontroller, while efficient, 
has limitations in processing large data volumes or performing complex tasks, especially with real-
time image processing, which restricts the system’s ability to scale for larger operations or handle 
high-demand tasks. Despite these limitations, the modular design of the system shows promise for 
scalability, 
 
FUTURE ENHANCEMENT: 
Future enhancements for the agricultural automation system could focus on addressing the current 
limitations and expanding its capabilities to create a more robust, scalable, and efficient solution. 
One potential improvement would be the integration of advanced energy storage solutions, such as 

calibration. enhances overall field management. 

 automatic irrigation  
 system forthe  
 agriculture fieldusing  
 sensors”,  
 5  

3. S. Misra, M. Dohler, 
A.V. Vasilakos, and 
P. Nicopolitidis, 
“Guest editorial - 
challenges in next-
generation and 
resource-constrained 
networks,”,. [9] 

Connectivity problems 
arise in ad hoc networks, 
leading to data 
transmission delays. 

● Wireless communication between the 
ESP32 and other system components is 
facilitated by an ad hoc network, 
ensuring seamless data exchange and 
remote operation. 

4. J. A. L. Riquelme, F. 
Soto,J.Suard´ıaz, P. 
Sanchez,A.Iborra, and 
J.A.Vera, 
“Wirelesssensr 

networksr precision 
horticulturein 
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spain,”;[10] 

The limited processing 
power of the ESP32 
microcontroller restricts 
its ability to handle large 
data volumes or real-time 
image analysis. 

● This approach automates irrigation, 
reduces manual intervention, and 
increases efficiency in resource 
management while ensuring the 
system remains 
adaptable for various farm sizes. 
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high-capacity batteries or supercapacitors, to store excess solar power and ensure consistent 
operation during periods of low sunlight or cloudy days. Another enhancement could involve 
incorporating multiple sensor types, such as temperature, humidity, and pH sensors, to gather a 
broader range of data for more precise decision-making regarding irrigation and crop health. To 
improve connectivity and network reliability, implementing mesh networking protocols or 
integrating low-power wide-area networks (LPWAN) like LoRa or NB-IoT could provide more 
stable communication, especially in remote areas with weak signal strength. Additionally, the 
system could benefit from edge computing capabilities to offload data processing from the ESP32, 
enabling the system to handle larger datasets and perform more complex tasks such as real-time 
image analysis for crop health, pest detection, or even weather prediction. The use of AI and 
machine learning algorithms could be introduced for predictive analytics, where the system learns 
from historical data to forecast irrigation needs, crop yields, and pest outbreaks, improving 
automation and resource allocation. Moreover, integrating cloud-based platforms like AWS or 
Google Cloud could enhance data storage and provide advanced analytics, making it easier to 
monitor and manage the system remotely, and offer insights across multiple farms or regions.[5] 
Finally, incorporating robotic components, such as automated drones or ground vehicles for seed 
planting, weeding, and pest control, could further increase the system's versatility and reduce labor 
costs. 

 
CONCLUSION: 
In conclusion, the agricultural automation system powered by solar energy and supported by 
wireless networks offers a promising solution for optimizing irrigation, enhancing crop 
management, and promoting sustainable farming practices. By leveraging real-time data from soil 
moisture sensors and visual monitoring, the system effectively conserves water and boosts crop 
yields through precise irrigation. However, challenges such as energy reliability, sensor calibration, 
network connectivity, and limited processing power must be addressed to ensure consistent 
performance and scalability. Future enhancements, including the integration of advanced energy 
storage, additional sensors, mesh networking, edge computing, AI-driven analytics, and cloud 
platforms, could further enhance the system's capabilities, making it more efficient, adaptable, and 
capable of handling larger-scale operations. By overcoming these challenges and incorporating 
innovative technologies, the system has the potential to revolutionize agriculture, improving 
resource management, reducing costs, and fostering sustainability in the agricultural industry. 
 
REFERENCES: 

[1] Md. Takmil Alam1 , Masood Ahmed, “Automatic Seed Sowing Machine”, INTERNATIONAL 
JOURNAL OF INNOVATIVE TRENDS IN ENGINEERING (IJITE) ISSN: 2395-2946 
ISSUE: 62, VOLUME 40, NUMBER 
02, APRIL 2018 

[2] Abdulrahman, Mangesh Koli, “Seed Sowing Robot”, International Journal of Computer Science 
Trends and Technology (IJCST) – Volume 5 Issue 2, Mar – Apr 

[3] Tanmay Baranwal, Nitika, Pushpendra Kumar Pateriya “Development of IoT based smart 
security and Monitoring Devices for Agriculture”, Cloud System and Big Data Engineering 
(Confluence), 6th International Conference on, 2016. 

[4] A. Satya, B. Arthi, S. Giridharan, M. Karvendan, J. Kishore “Automatic control of irrigation 
system in paddy using WSN”, Technological Innovations in ICT for Agriculture and Rural 
Development (TIAR), 2016 IEEE. 

[5] M. Usha Rani and S. Kamalesh “Web based service to monitor automatic irrigation system for 
the agriculture field using sensors”, Advances in Electrical Engineering (ICAEE), International 
Conference on, 2014. 



 

Industrial Engineering Journal 
ISSN: 0970-2555   
Volume : 54, Issue 5, No.1, May : 2025 

 

UGC CARE Group-1                       33 

[6] Subhashree Ghosh, Sumaiya Sayyed, Kanchan Wani, Mrunal Mhatre Hyder Ali Hingoliwala, “A 
smart drip irrigation system”, Advances in Electronics, Communication and Computer 
Technology (ICAECCT), IEEE International Conference on, 2016. 

[7] K K Namala, Krishna Kanth Prabhu A V, Anushree Math, Ashwini Kumari, Supraja Kulkarni, 
“Smart irrigation with embedded system”Bombay Section Symposium (IBSS), 2016 IEEE. 

[8] Y. Qu, Y. Zhu, W. Han, J. Wang, and M. Ma, “Crop leaf area index observations with a wireless 
sensor network and its potential for validating remotesensing products,” IEEE Journal of 
Selected Topics in Applied Earth Observations and Remote Sensing, vol. 7, no. 2, pp. 431–444, 
2014. 

[9]  S. Misra, M. Dohler, A. V. Vasilakos, and P. Nicopolitidis, “Guest editorial - challenges in 
next-generation and resource-constrained networks,”Telecommunication Systems, 
vol. 52, no. 2, 
pp. 361–362, 2013. 

[10] J. A. L. Riquelme, F. Soto, J. Suard´ıaz, P. Sanchez, A. Iborra, and J. A. Vera, “Wireless sensor 
networks for precision horticulture in southern spain,” ´Computers and Electronics in 
Agriculture, vol. , no. 1, pp. 25–35, 2009. 

[11] A.-J. Garcia-Sanchez, F. Garcia-Sanchez, and J. Garcia-Haro, “Wireless sensor network 
deployment for integrating video-surveillance and data667 monitoring in precision agriculture 
over distributed crops,” Computers and Electronics in Agriculture, vol. 75, no. 2, pp. 288–303, 
2011. 

[12] A. Camilli, C. E. Cugnasca, A. M. Saraiva, A. R. Hirakawa, and P. L. Correa, “From wireless 
sensors to field mapping: Anatomy of an application for ˆprecision agriculture,” Computers and 
Electronics in Agriculture, vol. 58, no. 1, pp. 25–36, 2007. 
  

[13] A. Behzadan, A. Anpalagan, I. Woungang, B. Ma, and H.-C. Chao, “An energy efficient 
utility-based distributed data routing scheme for heterogeneoussensor networks,” Wireless 
Communications and Mobile Computing, 2014 [DOI: 10.1002/wcm.2474]. 

 
[14] S. K. Dhurandher, D. K. Sharma, I. Woungang, and A. Saini, “Efficient routing based on past 

information to predict the future location for message passing in infrastructure-less opportunistic 
networks,” Journal of Supercomputing, 2014 

 
[15] S. L. Postel, “Entering an era of water scarcity: The challenges ahead,” Ecological 

Applications, vol.10, pp. 941–948, 1999. 
[16] H. Bouwer, “Integrated water management: emerging issues and challenges,” Agricultural 

Water Management, vol. 45, no. 3, pp. 217–228, 2000. 
[17] R. Saleth and A. Dinar, “Institutional changes in global water sector: trends, patterns, and 

implications,” Water Policy, vol. 2, no. 3, pp. 175–199, 2000. 
[18] W. A. Jury and H. J. V. Jr., “The emerging global water crisis: Managing scarcity and 

conflict between water users,” Advances in Agronomy, vol. 95,678 pp. 1–76, 2007. 
[19] P. Falloon and R. Betts, “Climate impacts on european agriculture and water management in 

the context of adaptation and mitigationthe importance of an integrated approach,” Science of 
The Total Environment, vol. 408, no. 23, pp. 5667–57, 2010. 

[20] N. D. Mueller, J. S. Gerber, M. Johnston, D. K. Ray, N. Ramankutty, and J. A. Foley, 
“Closing yield gaps through nutrient and water management,”2 Nature, vol. 490, pp. 254–257, 
2012 
 

 
 


