	
	
	



AI Drone for Crop Disease Detection Using Deep Learning











	
	
	




	
	
	



[bookmark: _Hlk216952418]1. Abstract 

Agriculture in India, particularly in states like Maharashtra, faces constant threats from plant diseases that can wipe out 20–40% of crops annually, leading to severe income losses for small and marginal farmers who often lack access to expert agronomists or expensive monitoring tools. Conventional methods involve manual field scouting — walking row by row, examining leaves for spots, wilting, or discoloration — which is extremely time-consuming, physically demanding, error-prone (especially for subtle early symptoms), and impractical for farms spanning even a few acres.
To address this real-world problem affordably, our team developed Agro Drone AI, an end-to-end intelligent crop monitoring framework using low-cost drone technology combined with state-of-the-art AI. We specifically selected the Dynalog DR-DG600C GPS drone (a budget-friendly model priced around ₹9,000–₹12,000 depending on variants and sellers like Flipkart/Amazon/ZoneAlpha, weighing under 250g so no DGCA registration is required for educational use) for image acquisition. This drone features a claimed 4K (often interpolated/upscaled from 1080p native) camera with 120° wide-angle lens, adjustable tilt (up to 90°), 5GHz WiFi FPV for live view, GPS for stable hovering and return-to-home, follow-me/orbit/waypoint modes, and flight times of 12–20 minutes per battery (longer with dual-battery Pro versions).
Captured aerial images — which frequently suffer from motion blur, low contrast due to altitude/sun angle, compression artifacts, or wind-induced shake on a lightweight consumer drone — are first enhanced using Real-ESRGAN (a powerful GAN-based super-resolution model that realistically reconstructs fine details without introducing unnatural artifacts). The sharpened images are then fed into the DeiT-small (Data-efficient Image Transformer) model, fine-tuned on the PlantVillage dataset, for multi-class disease classification (healthy vs. specific diseases like bacterial spot, early blight, leaf mold, etc.) with confidence scores and basic severity estimation.
Our experiments (using PlantVillage for training/benchmarking + some self-captured/simulated aerial views from the Dynalog drone) demonstrated clear improvements: super-resolution boosted visibility of subtle symptoms (e.g., tiny vein yellowing or powdery mildew specks), and DeiT's global attention mechanism handled aerial perspectives better than local-feature-focused CNNs. This low-budget pipeline offers a practical path for early disease detection in precision agriculture, reducing manual labor, minimizing broad-spectrum pesticide use, and empowering farmers/cooperatives in resource-constrained areas like Vidarbha.
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2. INTRODUCTION

India's agriculture sector employs nearly half the workforce and contributes significantly to GDP, yet it remains vulnerable to biotic stresses like fungal, bacterial, and viral diseases. In Maharashtra alone, crops such as soybean, cotton, tur dal, and horticultural plants (tomato, chili, grapes) suffer recurring outbreaks — e.g., soybean rust, cotton leaf curl virus, or tomato leaf curl — often leading to 30–50% yield losses if not caught early. Small farmers (average holding <2 ha) rarely have access to drone services or AI tools due to high costs (professional agricultural drones start at ₹5–10 lakhs).
Inspired by this gap and our Data Science curriculum focus on AI applications, we chose to build a prototype using accessible, low-cost hardware. The Dynalog DR-DG600C stood out during our market research (checking Flipkart, Amazon.in, YouTube reviews from channels like Anish Experiment, RC Escape, etc.): it's foldable, brushless-motor variants exist in newer Pro models for smoother flight, includes GPS for autonomous features (one-key return, follow-me, waypoints — useful for grid-pattern field scanning), 5GHz FPV to avoid interference, and a camera that's decent for the price (120° FOV captures wide swaths per frame, though real resolution is closer to 1080p with 4K upscaling).
Our Agro Drone AI integrates this drone for data collection with AI post-processing: enhance → classify. The system aims to provide farmers with actionable insights — "Zone 4 shows early blight with 85% confidence; treat with fungicide" — via a simple web/mobile interface. This project not only demonstrates AI feasibility on budget hardware but also aligns with government pushes like Digital Agriculture Mission and drone promotion schemes in India.

3. Literature Review 

The foundation of AI-based plant disease detection lies in convolutional neural networks. Mohanty et al. (2016) pioneered using AlexNet/GoogLeNet on PlantVillage, achieving near-human accuracy in controlled settings. Ferentinos (2018) extended this with deeper architectures, highlighting robustness to real-world noise.
Comprehensive surveys (Kamilaris & Prenafeta-Boldú, 2018) emphasized drones/UAVs for scaling monitoring, while Zhang et al. (2020+) showed aerial imagery enables large-area analysis but suffers resolution/quality issues.
Transformer models revolutionized image tasks: Dosovitskiy et al. (ViT, 2020) introduced patch-based attention for global context; Touvron et al. (DeiT, 2021) made it data-efficient via distillation — ideal for agriculture where labeled aerial datasets are limited.
Super-resolution addressed quality gaps: Real-ESRGAN (Wang et al., 2021/2022) excels at blind real-world degradations (blur, noise, compression) common in consumer drones like Dynalog's.
Recent works (2022–2025) combine UAVs with ML, but few target ultra-low-cost setups. Our innovation: full pipeline using Dynalog DR-DG600C + Real-ESRGAN + DeiT, tailored for Indian smallholder contexts.

4. Methodology 

1. Hardware Selection & Setup – Dynalog DR-DG600C
· Weight: ~200–250g (no registration needed).
· Camera: 4K claimed (interpolated; effective ~1080p–2K in good light), 120° FOV, 90° tilt adjustable via remote/app.
· Features: GPS + optical flow for hover stability, 5GHz FPV (~300–1000m range in open areas), auto return, follow-me, orbit, waypoints (via Dynalog Besta app).
· Battery: 1–2x 7.4V LiPo (12–20 min flight; we used dual for longer sessions).
· Why chosen: Affordable (₹6k–12k), beginner-friendly, GPS modes enable consistent grid flights over test plots.
2. Flight & Data Collection 

We planned grid patterns (app waypoints) at 20–40m altitude over mock/test fields (or nearby open areas simulating crops). Captured stills/videos to SD card/phone via FPV. Challenges: Wind caused shake; bright sun created harsh shadows; short battery limited coverage to ~0.5–1 acre per flight.
 
3. Image Enhancement 

Real-ESRGAN (x4 model, pre-trained) upscales and denoises — transformed blurry Dynalog shots into clearer views where leaf veins/spots became discernible. 

4. Preprocessing 

Resize 224×224, normalize [0,1], augment (random rotate/flip/brightness) to mimic aerial variations. 

5. Model – DeiT-small 
Pre-trained ImageNet → fine-tuned on PlantVillage (54k+ images, 38 classes). Attention layers capture global patterns (e.g., disease clusters across plants from above). 
6. Deployment & Interface 
Flask-based dashboard: upload images → process → display map.
overlay with labels/confidence/severity (pixel-based affected area estimate).

5. Diagram  
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6. Result and Discussion 

PlantVillage benchmarks: Enhanced + DeiT → high 90s% accuracy/F1, superior recall on early/subtle classes vs. baselines.
Real Dynalog flights:
· Pros: GPS stability → consistent overlaps; wide FOV → efficient coverage; post-enhancement revealed details missed in raw FPV.
· Cons: ~15 min avg flight; camera blur in wind/low light; aerial vs. close-up dataset mismatch → ~10–15% accuracy drop initially (improved with augmentations).
· Observations: Caught simulated disease patches (printed/placed leaves) reliably after Real-ESRGAN; confidence >80% on clear days.
This validates low-cost viability — even with limitations, it's far better than manual scouting.

7. Advantages

Budget (total setup <₹15k), quick surveys, early alerts, targeted interventions, eco-benefits, accessible for students/farmers.

8. Limitations

Weather sensitivity (avoid >10km/h wind), short flight time (need swaps), camera not multispectral, dataset bias, compute needs (Colab helped).

9. Future Scope

· On-drone edge AI (e.g., Raspberry Pi/Jetson). 
· Multispectral add-ons. 
· Real Maharashtra farm trials (soybean/cotton). 
· App with AR disease highlighting. 
· Weather/soil IoT integration. 
· Larger datasets from Indian aerials,
disease.

10. Conclusion

Using the Dynalog DR-DG600C as our low-cost platform, Agro Drone AI shows how combining affordable hardware, Real-ESRGAN enhancement, and DeiT classification can enable smart crop disease detection without huge investment. It's practical for colleges, startups, or farmer groups in India — helping move toward sustainable, precise farming.
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