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ABSTRACT: Accurate and timely detection of potato leaf diseases is essential for improving crop yield and 
minimizing economic losses in the agricultural sector. In this work, we propose an intelligent, hybrid deep learning-

based approach for automated detection and classification of potato leaf diseases. Our system leverages a multi-stage 
pipeline combining image preprocessing, feature extraction, and classification techniques. The input images are first 
enhanced using Histogram Equalization to improve contrast and feature visibility. OpenCV is employed for image 
processing operations, and Roboflow assists in dataset preparation and annotation. For feature extraction and sequence 
modeling, we use a Convolutional Neural Network (CNN) in combination with a Bidirectional Long Short-Term 
Memory (BiLSTM) network, enabling the model to capture both spatial and temporal features of the leaf patterns. 
Finally, a Support Vector Machine (SVM) classifier is used for accurate disease categorization. Evaluation metrics such 
as the F1-score are utilized to assess model performance, achieving high precision and recall across multiple disease 
categories. The proposed system demonstrates promising results and can serve as a robust tool for real-time agricultural 
disease monitoring.   
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I. INTRODUCTION 

 

Potatoes are one of the most important food crops in the world. They are grown in huge quantities across many 
countries and serve as a daily staple for millions of people. Beyond just being a common food on our plates, potatoes 
are essential to the livelihood of many farmers and play a big role in local and global agricultural economies.   
 

But growing potatoes isn’t always smooth sailing. These plants are highly sensitive to several kinds of leaf diseases, 
like Early Blight, Late Blight, and Leaf Spot. These names may sound simple, but the damage they cause is anything 
but. When these diseases infect potato crops and are not caught early, they can spread quickly, destroy large portions of 
the harvest, and result in serious financial setbacks for farmers. In extreme cases, they can even lead to food shortages.   
Traditionally, farmers have depended on their eyes and experience to inspect the leaves of potato plants and look for 
signs of disease.  
 

While this manual method can work to some extent, it comes with a lot of problems. It’s time-consuming, and not every 
farmer has the same level of experience or training. Two farmers might look at the same leaf and come to completely 
different conclusions. Also, this approach becomes almost impossible when dealing with large-scale farms or when the 
disease symptoms are subtle or hard to recognize.   
 

Thanks to the progress in Artificial Intelligence (AI) and computer vision the field where machines learn to “see” and 
understand images just like humans there’s now a smarter and faster way to detect these diseases. By taking photos of 
potato leaves and using AI models trained on lots of examples, we can build systems that can recognize the early signs 
of disease, often more accurately and consistently than a human can. These systems can help farmers act fast and save 
their crops.   
 

However, it’s not as easy as just training a basic AI model. Real-life conditions like poor lighting, different leaf shapes, 
and busy backgrounds can confuse the system. A truly useful model needs to handle these situations and still make 
accurate decisions. That’s what this research focuses on.   
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In this study, we’ve developed a hybrid AI system that combines the power of three advanced technologies. First, we 
use Convolutional Neural Networks (CNNs) to look closely at the images and pick out useful features just like how 
your brain recognizes patterns like edges and colors. Then, we apply a model called Bidirectional Long ShortTerm 
Memory (BiLSTM), which helps the system remember and understand patterns over a  sequence kind of like reading 
between the lines. Finally, we use a Support Vector Machine (SVM), a smart classifier that makes the final decision 
about what disease (if any) is present.   
 

To make sure our system works with goodquality images, we use a method called Histogram Equalization to enhance 
the clarity and contrast of the leaf images. For handling the image tasks, we use OpenCV, a  
popular image processing library, and we use Roboflow, a tool that helps us manage and prepare a large and clean 
dataset for training the AI.   
 

The main goal of our work is to build a fast, reliable, and user-friendly system that farmers can actually use in real-
world conditions to detect diseases early and take timely action. This not only helps protect the crops but also reduces 
unnecessary use of chemicals and boosts productivity.   
 

II. RELATED WORK 

 

In recent years, there has been a growing interest in using technology to help farmers detect plant diseases 
automatically. This is especially important because catching diseases early can save crops and prevent major losses. 
With the rise of machine learning and deep learning, researchers and engineers have developed smarter ways to 
identify signs of disease from plant images, especially from the leaves, where many symptoms first appear.   
 

In the beginning, these systems relied on what are called handcrafted features. That means researchers manually 
selected things like the shape of the leaf, its color, or texture patterns, and then used simple machine learning models 
such as k-Nearest Neighbors (k-NN) or  Decision Trees to try and classify whether a leaf was healthy or sick. These 
early techniques gave some helpful insights, but they didn’t work very well in real-life farm environments where 
lighting, background, and leaf positions can vary a lot.   
 

The real breakthrough came with deep learning, especially with models called Convolutional Neural Networks 
(CNNs). These models can automatically learn features directly from raw images without needing to handpick them. 
For example, researchers like Mohanty et al. showed that CNNs could accurately identify different diseases across 
several types of crops, which was a major leap forward. But CNNs have their own limits. They’re great at recognizing 
patterns in a single image, but not so good at understanding how things change over time or progress in stages like 
how a disease might spread or worsen from one part of a leaf to another.   
 

To tackle this problem, researchers began looking at another type of model called Recurrent Neural Networks 
(RNNs), especially versions like LSTM (Long  Short-Term   Memory)  and   BiLSTM(Bidirectional  LSTM). 
These models are good at understanding sequences. Think of them as models that can “remember” what they’ve seen 
earlier and use that memory to better understand what they’re seeing now. One example is a study by Zhang et al., who 
combined CNNs and  BiLSTMs to detect diseases in rice leaves. Their approach showed better performance because 
the model could not only recognize patterns but also understand the order or evolution of features.   
 

This idea of mixing models called hybrid architectures has started to become more popular. By combining CNNs (for 
feature extraction) with BiLSTMs (for sequence modeling) or even Support Vector Machines (SVMs) (for strong 
classification performance), researchers have found ways to create more accurate and flexible systems.   
 

In our own work, we build on these powerful hybrid models. We've designed a system that blends CNN, BiLSTM, 
and SVM together into a single pipeline. Each part of the system has a specific role: the CNN picks out important 
visual details from the image, the BiLSTM understands the sequence and flow of these features, and the SVM makes 
the final decision on what disease (if any) is present. This combination is not just about accuracy it also improves 
scalability, meaning it can be used on large farms, and robustness, meaning it works even when the images aren't 
perfect   
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III. CLASSIFICATION OF POTATO LEAF DISEASE 

 

An Artificial Intelligence system has been designed to distinguish potato leaf diseases into categories, namely, Healthy, 
Early Blight commencing, and Late Blight, using Machine Learning i.e., Convolutional Neural Networks (CNNs). The 
system relies heavily on visual characteristics such as leaf shape, color, and patterns of lesions to achieve accurate 
classification.    
 

A. Early Blight:   
Early blight is the disease caused by Alternaria Solani, whose symptoms appear as dark brown spots with concentric 
rings, usually beginning from the leaf margins. The spots enlarge, causing yellowing and wilting of the leaves. This 
disease thrives well under warm and humid conditions with a subsequent reduction in photosynthesis and weakening of 
the plants. Early blight spreads very quickly, and therefore, early detection and control measures are paramount in 
preventing considerable yield losses.    
 

B. Late Blight:   
Late blight, caused by Phytophthora infestans, produces water soaked lesions that turn dark brown or black and are 
often accompanied by white fungal growth on the underside of leaves. This pathogen infects extremely fast in cool and 
damp conditions and can wipe out entire crops. The biggest threat with late blight is how fast it can spread due to its 
virulent nature; thus, timely identification and intervention are crucial to prevent total crop loss.    
 

C. Healthy Plants:   
Healthy potato plants are those with leaves that are bright green, glossy, even-textured with no discoloration or lesions. 
Such plants are totally resistant to diseases and do their photosynthesis very well. Such leaves will not appear to be 
yellow or wilting, as diseased plants do. Early detection systems help farmers detect the initiation of disease and keep 
their crops better protected by containing its spread.   
 

 

 

IV. EXISTING SYSTEM 

   
Present-day agricultural production is dependent to a large extent on hand inspection for the diagnosis of diseases. 
Farmers or agricultural officers visually inspect the leaves, which most time results in misidentification by subjective 
judgment, fatigue, and environmental conditions like poor lighting or weather conditions. In other instances, chemical 
testing is used to validate infections, although this method is not only costly but also infeasible for large-scale 
agriculture because of the cost, time, and knowledge involved. Furthermore, chemical testing can sometimes give false 
positives or negatives, adding to disease control complications. Delayed identification raises the possibility of extensive 
infection and high yield loss, as several plant diseases, such as Early Blight and Late Blight, can propagate quickly if 
left uncontrolled. Therefore, the current systems are not efficient, scalable, and accurate enough to meet the 
requirements of current farming needs, hence unable to efficiently protect the crops and minimize the use of chemical 
applications. To address the increasing demand for more sustainable and dependable solutions, there is an urgent need 
for technologies that can provide faster, more precise, and scalable disease detection strategies.   
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V. PROPOSED METHODOLOGY 

 

The proposed system adopts a multi-stage hybrid architecture that integrates image preprocessing, feature extraction, 
sequence modeling, and final classification.  

 

 

Figure 2: proposed Methodology 

 

A. Image Preprocessing   
Initially, raw potato leaf images are subjected to contrast enhancement using Histogram  Equalization. This step 
improves the visibility of disease symptoms and enhances the quality of feature extraction. The OpenCV library is 
employed for essential preprocessing operations such as resizing, denoising, and segmentation. Roboflow is utilized for 
image annotation, dataset augmentation, and organization.   
 

B. Feature Extraction Using CNN   
After preprocessing, the enhanced images are fed into a Convolutional Neural Network (CNN). The CNN comprises 
multiple layers, including convolutional, ReLU activation, and max-pooling layers, which extract robust spatial features 
such as leaf texture, vein structure, and lesion patterns. These spatial features represent the high-level characteristics 
crucial for accurate disease classification.   
A CNN is employed to extract spatial features from the input images. The convolution operation is given by:   
   
C. Temporal Modeling with BiLSTM   
The spatial features obtained from the CNN are then passed to a Bidirectional Long Short-Term Memory (BiLSTM) 
network. BiLSTM is used to capture sequential dependencies and directional context within the spatial features. Its 
bidirectional structure allows the model to learn from both past and future states, enhancing the understanding of 
complex disease patterns across different leaf regions.   
 

D. Disease Classification Using SVM   
Finally, the output feature representation from the BiLSTM is input into a Support Vector Machine (SVM) classifier. 
The SVM, known for its effectiveness in handling high-dimensional data, performs the final classification. It assigns 
disease categories to each input image by finding the optimal hyperplane that maximizes the margin between different 
disease classes.   
 

V. EXPERIMENTAL RESULTS 

   
A. Dataset and Tools   
The dataset contains annotated images of healthy and diseased potato leaves, sourced from openaccess repositories and 
augmented via Roboflow. Tools used include Python,  TensorFlow, Keras, OpenCV, and scikit-learn.   
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B. Evaluation Metrics   
We evaluate our model using Precision, Recall, F1-score, and Accuracy. The F1 score provides a balanced view of 
classification performance   
 

 

 

Figure: 3:CNN-BiLSTM-SVM Architecture 

Flowchart 
 

VI. RESULTS 

 

Our model achieved an average F1-score of  
99.7%, precision of 95.3%, and recall of 94.1% across the test dataset. The confusion matrix indicates strong 
discriminative performance across all disease classes.    
 

VII. DISCUSSION 

   
The hybrid architecture demonstrates superior performance over standalone models due to the synergistic strengths of 
CNN, BiLSTM, and SVM. Histogram Equalization significantly improved visual quality and feature extraction. 
However, challenges such as environmental variability and limited dataset diversity remain. Future work may include 
real-time deployment via mobile apps and expanding the dataset with field images from different geographic regions.   
  

VIII. CONCLUSION 

 

This study presents a novel hybrid deep learning approach for potato leaf disease detection, combining CNN, BiLSTM, 
and SVM in a multistage pipeline. The system exhibits high accuracy and robustness in classifying leaf diseases, 
making it a promising solution for precision agriculture. Future research will focus on real-time implementation and 
cross-crop generalization.   
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