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Introduction:

Agriculture plays a vital role in the food security and livelihood support of agrarian societies.
Vegetables such as tomatoes and crops such as cassava play a crucial role as food and
raw materials for industries. However, the productivity of these crops is greatly influenced
by diseases such as leaf diseases. Leaf diseases have a great impact on the reduction of
crop yields and have economic consequences for farmers. Disease diagnosis is one of the
major challenges in the field of agriculture, as there is limited availability of experts and the
diseases have high visual similarities. Various diseases have the same texture, vein
patterns, and lesion structures. With the development of deep learning techniques such as
Convolution Neural Networks, the detection of diseases in crops is possible. However, the
local perception of CNN is limited to the local perception of the image. Vision Transformers
have the potential to handle global spatial dependencies in images. However, current
systems lack important environmental factors such as soil and climatic conditions and lack
the incorporation of traditional knowledge systems such as Vrikshayurveda. This work
proposes a crop-agnostic system, providing disease-specific recommendations using both
conventional agricultural practices and traditional knowledge systems.

Objectives:

1. To develop a transformer based, crop-agnostic system for leaf disease
classification.

2. To capture global spatial dependencies using self-attention mechanisms.

3. To incorporate soil and climatic factors for context-aware analysis.

4. To integrate modern treatments with Vrikshayurveda-based knowledge using
RAG.

5. To enable accessibility through multilingual support and text-to-speech.

Methodology:

The methodology presents a pipeline for crop disease diagnosis combined with advisory
development. The model can be used for the diagnosis and development of advisories for
tomato and cassava leaf diseases, among others, using a unified approach. The data is
obtained from mendeley & Kaggle, where the classes for the diseases are labelled. The pre-
processing steps include resizing, normalization, and augmentation. The class balancing
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method is also used for the model's generalization. The data is split into training, validation,
and test sets. The Data Efficient Image Transformer model uses pre-trained weights and is
fine-tuned using the prepared data with a supervised learning approach. Training process
involves optimizing the loss function with backpropagation. The model's performance is
evaluated using metrics like accuracy, precision, recall, and F1 score. The model's
performance is also evaluated against other internal and external datasets with similar
preprocessing. Feature representations are analysed using dimensionality reduction
techniques such as t-SNE or UMAP. The system is designed to be scalable and extendable
to additional crops with minimal modifications. A hybrid module has been designed to
provide recommendations. Modern treatment details are stored and retrieved in JSON
format. A RAG module has been designed to fetch Ayurvedic knowledge from
Vrikshayurveda.
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Environmental factors such as soil and climate are also considered. Recommendations are
also refined based on the context. Multilingual support with text-to-speech functionality is
also provided.

Result and Conclusion:

In conclusion, the proposed system shows strong performance. The accuracy for the tomato
dataset is 97.86%. The precision, recall, and F1-score for the model on the tomato dataset
are 97.83%, 97.87%, and 97.84%, respectively. For the cassava dataset, the accuracy for
the model is 93.10%. The precision, recall, and F1-score for the model on the cassava
dataset are 93.10%. These results indicate effective classification even for visually similar
disease classes. The system achieves near real-time performance with an average latency
of approximately 650ms. The integration of environmental factors improves the relevance
and accuracy of treatment recommendations. This work is implemented as a simulation of
a real-world agricultural advisory system. The outcome validates the feasibility of integrating
Al-based classification with hybrid knowledge systems. From an industry perspective, the
system is relevant for precision agriculture and decision support applications. It can help
farmers, agronomists, and agritech platforms improve crop management. The project has
provided valuable insights for designing scalable Al architectures. It has also improved
knowledge about how machine learning can be combined with domain-specific knowledge.
The project has shown how essential it is to balance technical innovation with usability.
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Future Scope:

The future scope of this project includes:

1. Further work is needed on improving robustness against domain shifts and variations.

2. Optimization of RAG pipeline which can lead to faster response time for the retrieval
process.

3. Model compression methods may be used to allow deployment on edge devices.

4. The system may be tested for its usability in actual world situations, including low-
resource settings

5. User feedback may be integrated into the system for its continuous improvement.

6. The framework may be used for other plant disease classification problems.

7. Expansion of the knowledge base can enhance coverage of treatment
recommendations.

8. Implementing Explainability methods can be to improve model interpretability.

9. Integration with cloud-based platforms can enable scalable deployment.

10. Exploring fine-tuning strategies to improve performance on imbalanced datasets.
11. Incorporating uncertainty estimation to improve reliability of predictions.
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