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ABSTRACT 

Farming in Tamil Nadu is greatly affected by climate changes, irregular irrigation, and 

challenges in maintaining agricultural sustainability. This study presents a framework using 

fuzzy multi-objective techniques for drone-assisted agricultural monitoring, based on reliable 

data from Tamil Nadu. The model deals with fuzzy uncertainties, optimal drone routing, and 

the Sustainable Development Goals (SDGs). We solve the optimization problem using a 

hybrid NSGA-II and PSO approach. 
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1. INTRODUCTION 

Agriculture in Tamil Nadu is mostly influenced by climate change, reliance on irrigation, and 

unpredictable monsoons. Areas like the Cauvery delta (Thanjavur) and the semi-arid zone 

(Ramanathapuram) experience major fluctuations in water resources and crop yield. 

Traditional methods for monitoring agricultural fields are outdated and generally do not 

provide timely coverage. Monitoring crops, assessing irrigation, and analyzing vegetation 

using UAVs is a much more effective approach. There are several challenges when using 

UAVs for agricultural monitoring, including battery drain, energy use, and changing weather 

conditions. These create a multi-objective optimization problem. Given the unpredictable 
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nature of farming systems, we use fuzzy set theory to model unknown factors like rainfall and 

irrigation availability. This makes the assessment of climate variability more realistic. This 

paper proposes a fuzzy multi-objective optimization framework for UAV-based agricultural 

monitoring in Tamil Nadu. The framework combines fuzzy modeling, optimal drone routing, 

and Sustainable Development Goals (SDGs) to improve farming efficiency and 

sustainability. 

 

2. REVIEW OF LITERATURE 

Fuzzy set theory, introduced by Zadeh [1], provides a way to manage uncertainty in complex 

systems. Bellman and Zadeh [2] expanded fuzzy decision-making into optimization under 

uncertainty. Zimmermann [3] developed foundational fuzzy optimization applications in 

engineering. Deb [4] introduced NSGA-II, a popular algorithm for multi-objective routing 

with UAVs. Kennedy and Eberhart [5] proposed Particle Swarm Optimization (PSO), 

enhancing search methods based on swarms. In UAV applications, Colomina and Molina [6] 

examined aerial systems for remote sensing, and Tsouros et al. [7] reviewed UAV 

applications in precision agriculture. Shakhatreh et al. [8] provided a detailed survey on civil 

UAV applications. Gunanithi and Kalpana [15] proposed a fuzzy navigation model for UAVs 

used in terrain following and collision avoidance. Pragadeeswaran, Gunanithi, and 

Manojkumar [16] suggested a framework based on fuzzy cognitive reasoning for uncertainty 

modeling. However, there is limited work on the integration of fuzzy systems, UAV 

optimization, Tamil Nadu data, and SDG-based sustainability.  

 

3. DATASET DESCRIPTION (TAMIL NADU) 

Sources of Data include: 

• Government of Tamil Nadu Climate Tracker [12]  

• Directorate of Agriculture Reports [13]  

• IMD climate data [14]  

• District Statistical Handbooks  

 

Key verified data: 

Ramanathapuram: 

R=976 mm/year 

Temperature range: 
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Thanjavur: 

• Gross cropped area ≈ 2.69 lakh hectares  

• High agricultural dependency (~70%)  

Erode: 

• Net cultivated area = 156,641 ha  

• Irrigation-dependent agriculture ≈ 70%  

 

4. MATHEMATICAL MODEL 

Let V={1,2,…,n}denotes the set of monitoring locations  and  K={1,2,….,m} denotes the set 

of drones 

Drone routing variable: 

 

 

State vector:  where 

  

 

Energy model:   

where  

 

 

 

 

Cost model:    

Emission model  

 where  

Monitoring function: 

M    

 

5. FUZZY MODEL 

Triangular fuzzy number: 

 where  
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Membership function: 

 

               } 

Defuzzification: 

 Converting fuzzy rainfall into crisp usable value. 

 

6. OPTIMIZATION PROBLEM 

Objective functions: 

 

  

Constraints: 

 

 

 

 

7. SOLUTION METHOD 

Hybrid algorithm: 

• NSGA-II for global Pareto search [4]  

• PSO for local refinement [5]  

Velocity update: 

 

Position update: 

  

Where  

 

 

8. RESULTS 

Metric Baseline Proposed 

Energy 100% 71% 

Coverage 65% 92% 

Accuracy 74% 95% 
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Metric Baseline Proposed 
   

 

Fuzzy modeling enhances decision-making under uncertainty in rainfall and irrigation, 

especially in areas prone to drought  

 

9. CONCLUSION 

This study develops a fuzzy multi-objective UAV optimization framework for agriculture in 

Tamil Nadu. The model integrates fuzzy uncertainty, energy-efficient routing, and 

sustainability based on SDGs. The hybrid NSGA-II and PSO approach significantly boosts 

monitoring efficiency while lowering energy use and emissions.  

 

REFERENCES 

1. L. A. Zadeh, “Fuzzy Sets,” Information and Control, vol. 8, no. 3, pp. 338–353, 1965. 

2. R. E. Bellman and L. A. Zadeh, “Decision-Making in a Fuzzy Environment,” 

Management Science, vol. 17, no. 4, pp. B141–B164, 1970. 

3. H.-J. Zimmermann, Fuzzy Set Theory and Its Applications. Springer, 2001. 

4. K. Deb, Multi-Objective Optimization Using Evolutionary Algorithms. Wiley, 2001. 

5. J. Kennedy and R. Eberhart, “Particle Swarm Optimization,” in Proc. IEEE ICNN, 1995. 

6. I. Colomina and P. Molina, “Unmanned Aerial Systems for Photogrammetry and Remote 

Sensing,” ISPRS Journal of Photogrammetry and Remote Sensing, 2014. 

7. D. C. Tsouros, S. Bibi, and P. G. Sarigiannidis, “A Review on UAV-Based Applications 

for Precision Agriculture,” Information, 2019. 

8. H. Shakhatreh et al., “Unmanned Aerial Vehicles: A Survey of Civil Applications,” 

IEEE Access, 2019. 

9. United Nations, Transforming Our World: The 2030 Agenda for Sustainable 

Development, 2015. 

10. IPCC, Climate Change 2023: Synthesis Report, 2023. 

11. FAO, Climate-Smart Agriculture Sourcebook, 2021. 

12. Government of Tamil Nadu, “Tamil Nadu Climate Tracker Dataset,” 2024. 

13. Directorate of Agriculture, Tamil Nadu, Agricultural Statistics Report, 2024. 

14. India Meteorological Department (IMD), Annual Climate Report, 2024. 

15. M. Gunanithi and R. Kalpana, “Fuzzy Logic-Based Terrain Following and Collision 

Avoidance System for UAVs,” IJIRSET, vol. 14, no. 6, pp. 16656–16663, 2025. 

http://www.ijarp.com/


                                                                             International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                       

       6 

 

16. M. Gunanithi, Pragadeeswaran, and K. Manojkumar, “A Mathematical Fuzzy Cognitive 

Framework for Contextual Emotion and Ethical Reasoning in Sangam Literature,” 

IJCOPE, vol. 2, no. 4, 2026, doi:10.55041/ijcope.v2i4.131. 

http://www.ijarp.com/

