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[bookmark: _Toc235092324]1. Introduction
Artificial intelligence (AI) has become one of the most influential technological developments of the past decade, with machine learning (ML) and deep learning (DL) driving major progress in automated decision‑making and pattern recognition. Although these terms are often used interchangeably, ML and DL represent specific methods within the broader field of AI and are particularly effective in analyzing complex visual data. Their ability to learn hierarchical representations directly from images has led to widespread adoption in fields such as medicine, diagnostics, and quality inspection [1].
Building on these advances in computer vision, agriculture has also experienced a significant technological shift in recent years, with vision-based systems and advanced ML techniques being increasingly integrated to improve crop monitoring and disease management. Plant diseases caused by fungi, bacteria, and viruses can severely impact crop productivity, and traditional identification methods—based on manual inspection—are time‑consuming and prone to human error. Convolutional Neural Networks (CNNs) have emerged as a highly effective approach for image‑based plant disease classification due to their strong performance in recognizing subtle visual symptoms on leaves [11].
This project applies a CNN model to the Plant Pathology 2021 dataset to classify leaf images into five categories. The aim is to evaluate whether a straightforward CNN architecture can achieve accurate and efficient disease detection, supporting the development of practical AI‑based tools for modern agriculture.





[bookmark: _Toc235092325]2. Related Work
[bookmark: _Toc235092326]2.1 Artificial Neural Networks (ANN)
Artificial Neural Networks form the conceptual foundation of modern deep learning. A standard artificial neuron combines weights, bias, an activation function, and a feedforward computation mechanism, while learning occurs through backpropagation, allowing the network to adjust parameters based on error gradients. Although ANN can model nonlinear relationships, several authors highlight their limitations in extracting complex spatial features from images [1].
Interestingly, research on chaotic ANN challenges the assumption that traditional ANN are inherently weaker than deep architectures. By introducing periodic activation functions, chaotic ANN demonstrate significantly higher memory capacity and richer dynamic behavior [2]. This suggests that ANN performance is not strictly limited by architecture depth but also by activation design. While these insights are not directly applied in plant disease classification, they emphasize that architectural choices—even in simpler models—can substantially influence learning behavior.

[bookmark: _Toc235092327]2.2 Deep Learning (DL)
Deep Learning extends ANN by introducing multiple hierarchical layers capable of automatically learning increasingly abstract representations. Several authors argue that DL eliminates the need for manual feature engineering, which is particularly valuable in visual tasks where relevant features are difficult to define explicitly [3].
Other researchers emphasize the importance of the full DL workflow, including data preprocessing, architecture selection, optimization strategies, and evaluation procedures [4]. This broader perspective is highly relevant to plant disease classification, where leaf images often contain subtle variations in color, texture, and lesion patterns. DL models are better equipped to capture these nuances compared to shallow ANN.
In healthcare applications, DL models achieve high accuracy in detecting anomalies in X-ray, MRI, and CT images [5]. Although the domain differs, the main challenge – identifying visual irregularities – is analogous to detecting disease symptoms on plant leaves. Figure 1 presents a typical deep neural network architecture that uses multiple hidden layers for hierarchical feature extraction.
[image: ]

[bookmark: _Toc235033797]Figure 1 Deep neural network architecture [5]


[bookmark: _Toc235092328]2.3 Convolutional Neural Networks (CNN)
Throughout the literature, CNNs consistently outperform traditional ANNs for image classification because the convolutional layers automatically learn hierarchical spatial features, rather than relying on hand-designed descriptors. Studies have highlighted how early layers capture edges and textures, while deeper layers learn more abstract patterns. Also, deeper architecture incorporating residual connections improve convergence and reduce degradation in very deep networks [7].
More recent surveys expand this view by showing how modern CNN architectures integrate attention mechanisms, skip connections, and multi‑scale feature extraction, enabling them to recognize complex visual structures [8]. These characteristics are particularly important for plant disease classification, where symptoms often appear as localized texture distortions or color changes.
However, several authors also note the computational cost of deep CNN, especially when training on large datasets [6]. This creates a practical trade‑off in our project: deeper models such as ResNet‑50 may offer higher accuracy, but lighter architectures may be more efficient for experimentation and deployment.
Figure 2 illustrates the general architecture of a Convolutional Neural Network (CNN). The model progressively extracts hierarchical features through convolution and pooling layers before performing image classification using fully connected and Softmax layers. This architecture is particularly suitable for plant disease classification, where subtle variations in leaf texture, colour, and lesion patterns must be automatically identified.
[image: View Image - Figure 14. The architecture of a convolutional neural network [58].]
[bookmark: _Toc235033798]Figure 2 Convolutional Neural Network Architecture [5]

[bookmark: _Toc235092329]2.4 Recurrent Neural Networks (RNN)
RNNs are designed for sequential data, making them effective for tasks involving temporal dependencies such as text analysis or physiological time‑series prediction [5]. Although they excel in modelling sequences, the literature consistently shows that RNNs are generally unsuitable for image classification because they do not capture spatial relationships as effectively as convolutional operations [3].
For this reason, RNNs are not used in the plant disease classification component of this project. Their structure is shown in Figure 3, but their relevance remains limited to contextual understanding rather than practical implementation.
[image: View Image - Figure 22. A representation of a recurrent neural network [61].]
[bookmark: _Toc235033799]Figure 3 A representation of a recurrent neural network [5]


[bookmark: _Toc235092330]2.5 Hyperparameter Optimization
Hyperparameter optimization is not just a performance booster but a stability requirement for CNNs, especially when deeper architectures begin to degrade without careful tuning. The reviews show that baseline methods like grid and random search often fail to capture complex interactions between learning rate, batch size and epochs, leading to suboptimal convergence. Metaheuristic approaches such as GA and PSO consistently outperform classical methods by navigating high‑dimensional search spaces more efficiently [9].
For plant disease classification, this is crucial: leaf‑image datasets often contain subtle texture variations, meaning poorly tuned hyperparameters can cause the model to overfit healthy leaves while misclassifying diseased ones. Systematic optimization therefore becomes essential for achieving reliable generalization across diverse leaf conditions.

[bookmark: _Toc235092331]2.6 Image Classification
There is strong agreement across the literature that CNN outperform ANN in image classification tasks due to their ability to automatically extract spatial features [8]. Medical imaging studies demonstrate how CNN detects subtle anomalies in radiological scans [5], which parallels the challenge of identifying disease symptoms on plant leaves.
The classification workflow is commonly used in medical imaging—preprocessing, feature extraction, classification, and evaluations directly applicable to agricultural datasets.

[bookmark: _Toc235092332]2.7 Plant Disease Detection
The most relevant body of literature focuses directly on plant disease detection. Studies using CNN and VGG16 show that deep architectures achieve high accuracy in distinguishing between multiple leaf diseases, largely due to their ability to capture fine‑grained visual differences [10].
Comparative analyses between AlexNet, VGG16, and ResNet‑50 reveal that deeper models, particularly ResNet‑50, tend to outperform shallower architectures when dealing with complex disease patterns [11]. However, deeper networks also require more computational resources, reinforcing the need to balance accuracy with efficiency in this project.
These insights directly inform the model selection strategy for this project, where both accuracy and training efficiency are critical.

[bookmark: _Toc235092333]2.8 Proposed addition
Based on the reviewed literature, CNNs were selected as the primary approach for this project. The studies consistently show that convolutional neural networks outperform traditional machine-learning methods in plant disease classification because they can automatically learn hierarchical visual features from leaf images. While transfer-learning models such as MobileNetV2, EfficientNet, and ResNet often achieve the highest accuracy, several studies also demonstrate that carefully designed custom CNN architectures can provide competitive performance with lower computational requirements. Since the objective of this project is not only to achieve good classification accuracy but also to analyse how architectural depth, regularization, and learning-rate tuning affect performance, a custom CNN was considered the most appropriate choice. This allows the contribution of individual design decisions to be evaluated more clearly than would be possible with a heavily pre-trained model.

[bookmark: _Toc235092334]3. Workflow Methodology
The PlantPathology_Split dataset contains 12 plant‑disease classes split into train (70%), validation (15%), and test (15%). However, the coursework requires a single‑label classifier, so only five classes were used: healthy, scab, frog_eye_leaf_spot, rust, and powdery mildew. The remaining seven folders were excluded because they contain multilabel or mixed disease combinations that fall outside the scope of this project.[image: ]
[bookmark: _Toc235033800]Figure 4 Distribution of the five selected classes (Created by the author)

[bookmark: _Toc235092335]3.1 Data Loading
The dataset is already organised into train, validation, and test folders. Although it contains 12 classes, only the five required single‑label categories (healthy, scab, rust, frog_eye_leaf_spot, powdery_mildew) were loaded. Data was imported using image_dataset_from_directory, which automatically assigns labels based on folder names. All images were resized to 512×512 and loaded in batches of 32, providing a consistent and efficient input pipeline.

[bookmark: _Toc235092336]3.2 Data Preprocessing
All images were resized to 512×512 and normalized to the 0–1 range to ensure stable training. Rescaling was applied directly inside the model, allowing preprocessing to occur during training without a separate pipeline. No additional cleaning was required, as the selected five classes contain only single‑label images and are already well‑structured for model training.
[bookmark: _Toc235092337]3.3 Data Augmentation
Moderate augmentation was applied to the training set to improve generalisation and reduce overfitting. The transformations included small rotations, zooming, and horizontal flips, chosen to preserve realistic leaf appearance while introducing useful variation. Augmentation was applied only to the training data; validation and test sets remained unchanged to ensure fair evaluation.
Figure 5 provides visual examples of applied augmentation operations, showing how moderate transformations preserve biological realism while enhancing dataset diversity.
[image: ]
Figure 5 Example augmented images illustrating rotation, zoom, and horizontal flipping applied to the training dataset (Created by the author)
This figure shows several augmented versions of a leaf sample, demonstrating the transformations used to increase dataset variability and improve model generalization.

[bookmark: _Toc235092338]3.4 Model Architecture
The CNN architecture consists of three convolutional blocks (32, 64, 128 filters), each followed by ReLU activation and max pooling. A dropout layer (0.5) reduces overfitting before the dense layers. The final dense layer (128 units) feeds into a Softmax classifier for the five disease categories. The model was compiled using the Adam optimizer and categorical cross‑entropy loss, balancing training speed and performance.

[bookmark: _Toc235092339]3.5 Model Training
The model was trained using the augmented training set, allowing the network to see slightly varied versions of each image and reducing overfitting. Training and validation accuracy were monitored throughout, with the validation set kept separate to provide a realistic estimate of generalization.
The model was optimized using Adam and categorical cross‑entropy loss. An EarlyStopping callback monitored validation loss and stopped training when no further improvement was observed, restoring the best-performing weights. This prevented unnecessary epochs and improved stability, especially since augmentation introduced small fluctuations between epochs.
Although the model was configured for 20 epochs, EarlyStopping often terminated training earlier, resulting in a more efficient process and better generalization to unseen leaf images.

[bookmark: _Toc235092340]3.6 Model Evaluation and Optimization

[bookmark: _Toc235033329]Table 1 Comparison of the Three CNN Models (Created by the author)

	Model
	Resolution
	Architecture
	Learning Rate
	Val. Accuracy
	Val. Loss

	Model 1 (Baseline)
	128×128
	3 Conv (32–64–128) + MaxPool + Dense 128 + Dropout 0.3
	0.001
	~0.74
	~0.68

	Model 2 (Intermediate)
	96×96
	3 Conv blocks (16–32–64) + Dense 64 + Dropout 0.3
	0.0005
	~0.81
	~0.48

	Model 3 (Final)
	128×128
	6 Conv (2×32, 2×64, 2×128) + Dense 256 + Dropout 0.5
	0.0005
	~0.91
	~0.27



The learning curves for the final model show stable convergence, with training and validation accuracy remaining closely aligned. Unlike the baseline model, validation loss does not increase sharply, indicating reduced overfitting and more consistent generalization.
[image: ][image: ]
[bookmark: _Toc235033801]Figure 6 Training & Validation Curves (Created by the author)

The confusion matrix demonstrates strong separation between distinct classes such as healthy, rust, and scab. Misclassifications occur mainly between frog_eye_leaf_spot and powdery_mildew, which share similar texture patterns.
[image: ]
[bookmark: _Toc235033802]Figure 7 Confusion Matrix (Created by the author)

The sample predictions illustrate how the final model behaves on individual images. Correct classifications typically occur when disease symptoms are clear and well‑defined, while misclassifications appear in low‑contrast or visually ambiguous cases. These examples support the quantitative evaluation by showing that the model captures the main disease patterns but still struggles with subtle texture similarities between certain classes.
[image: ]
[bookmark: _Toc235033803]Figure 8 Sample Predictions (Created by the author)

[bookmark: _Toc235092341]3.6.1. Baseline Model — identifying the bottleneck
The baseline model was intentionally kept simple in order to verify that the dataset organization, directory structure, and training pipeline were functioning correctly. The architecture consisted of three convolutional blocks with 32, 64, and 128 filters, a dropout rate of 0.3, and the Adam optimizer with a learning rate of 0.001.

During training, the model reached a training accuracy above 90%, while validation accuracy stabilized at approximately 0.74. Validation loss decreased to around 0.68 before starting to increase. This gap between training and validation performance suggested substantial overfitting, indicating that the model was learning patterns specific to the training data rather than features that generalized well to unseen images.
Training was stopped at epoch 14 by the EarlyStopping callback, which further indicated that the architecture was not sufficiently deep for reliable multi-class leaf disease classification. The baseline experiment therefore served as a useful reference point and motivated the use of deeper feature extraction and stronger regularization techniques.

[bookmark: _Toc235092342]3.6.2. Intermediate Model — resolution reduction and stabilized learning
The intermediate model introduced two changes: the input resolution was reduced to 96×96 pixels, and the convolutional blocks were reduced to 16, 32, and 64 filters.

Initial training with a learning rate of 0.001 produced unstable validation behavior. After reducing the learning rate to 0.0005, the validation curves became noticeably more stable and the oscillations observed in earlier experiments were largely removed.

Although training became more consistent, the model still showed limited representational capacity. Validation accuracy reached approximately 0.81 and validation loss decreased to about 0.48. These results were an improvement over the baseline model, but they still suggested that the network was not extracting enough information to reliably distinguish fine-grained disease patterns on leaves.

The experiment confirmed that the preprocessing pipeline and the revised learning rate were appropriate, while the main remaining limitation was the relatively shallow architecture.


[bookmark: _Toc235092343]3.6.3. Final Model — deeper architecture, stronger augmentation, and tuned learning dynamics
[bookmark: _Toc235092344]The final model adopted a deeper computer vision architecture. The network was expanded to six convolutional layers arranged in three blocks, each containing two convolutional layers with 32, 64, and 128 filters. A dense layer with 256 units and a dropout rate of 0.5 was added after the convolutional blocks.

The learning rate remained at 0.0005 because this value provided stable convergence during previous experiments. The data pipeline was also extended with augmentation techniques including rotation, zooming, horizontal and vertical shifts, and flips, which increased the diversity of the training data.

The final configuration produced the best results of all tested models. Validation accuracy increased to approximately 0.91, while validation loss decreased to about 0.27. Training and validation accuracy remained relatively close throughout training, indicating improved generalization and reduced overfitting.

Overall, the results showed that the combination of deeper architecture, a lower learning rate, and stronger data augmentation had a substantial positive effect on classification performance.
3.6.4. Infrastructure Optimization — moving from Colab to Kaggle
A practical but important optimization was migrating from Google Colab to Kaggle. Colab’s GPU time limits and runtime resets interrupted long training sessions. Kaggle provided stable GPU access and seamless dataset integration, enabling uninterrupted experimentation and more reliable training. This decision reflects an understanding that computational infrastructure directly affects model performance.
[bookmark: _Toc235092345]3.6.5.Summary
The progression from Model 1 to Model 3 was guided by clear diagnostic signals and systematic improvements:
· Model 1 exposed overfitting and architectural limits.
· Model 2 improved stability through resolution reduction and a controlled learning rate.
· Model 3 combined a deeper architecture with tuned learning dynamics and strong augmentation, achieving substantial gains in both accuracy and loss.
· Infrastructure optimization ensured consistent GPU availability and smoother experimentation.
The final model is the result of deliberate, evidence‑based decisions across architecture, data, training strategy, learning‑rate tuning, and computational environment.
















[bookmark: _Toc235092346]4. Discussion & Recommendation
The results from the three CNN models show a clear progression in both stability and classification performance. The baseline model achieved reasonable training accuracy but failed to generalize, with validation loss rising sharply after the first few epochs. This behaviour was expected given its shallow architecture and higher learning rate (0.001). The model simply lacked the capacity to capture the subtle texture differences between leaf diseases, and the early signs of overfitting confirmed that deeper feature extraction was necessary.
The second model reduced the input resolution to 96×96 and used a lighter architecture (16–32–64 filters). Lowering the learning rate to 0.0005 stabilized training, and the model reached a validation accuracy of ~0.81 with a validation loss of ~0.48. Although clearly better than the baseline, the network still lacked the depth needed to capture fine‑grained disease patterns. This confirmed that the data pipeline and learning rate were correct, and that the remaining bottleneck was architectural depth rather than preprocessing or optimization.
The final model addressed these limitations directly. Increasing the number of convolutional layers allowed the network to learn more detailed spatial patterns, while stronger dropout and moderate augmentation helped control overfitting. The lower learning rate noticeably stabilized training. Convergence became smoother without slowing the process too much. The improvement to 91% validation accuracy and a significantly lower validation loss (~0.27) shows that the model was able to generalize much more effectively. The confusion matrix confirms this: classes with distinct symptoms were classified reliably, while ambiguous or low‑contrast images remained challenging.
From a critical perspective, the main limitation of the final model is still related to dataset complexity. Some disease categories share overlapping visual characteristics, and the dataset contains natural variability in lighting, leaf orientation, and color. One practical challenge was that some powdery mildew images had very weak visual symptoms, making them difficult even for manual inspection. This likely contributed to several of the remaining misclassifications observed in the confusion matrix. A deeper architecture helps, but there is a point where additional layers will not compensate for ambiguous data. Another limitation is the use of a custom CNN instead of a pretrained model. While the custom architecture is efficient and easy to train, transfer learning could extract richer features and potentially improve class separation.
Recommendations
Based on the results, several improvements could be explored:
· Transfer learning using MobileNetV2 or EfficientNet, which are known to perform well on small agricultural datasets.
· Stronger augmentation, especially colour‑based transformations, to help the model handle variations in lighting and leaf pigmentation.
· Hyperparameter tuning, particularly dropout rate, batch size, and learning rate schedules.
· Class‑specific analysis, focusing on the diseases that remain difficult to distinguish and adjusting augmentation or preprocessing accordingly.
· Experimenting with smaller input sizes, which may reduce training time without significantly affecting accuracy.
Overall, the final model demonstrates that a well‑structured CNN combined with controlled augmentation can achieve solid performance on the Plant Pathology dataset. The recommendations above provide realistic next steps for improving both accuracy and robustness.









[bookmark: _Toc235092347]5. Conclusion
This project sets out to evaluate whether a straightforward CNN architecture could reliably classify plant leaf diseases from the Plant Pathology 2021 dataset. Through a structured comparison of three models, the results show that architectural depth, learning‑rate tuning, and moderate augmentation play a decisive role in achieving stable and accurate performance.
The baseline model highlighted the limitations of shallow architecture and confirmed the need for stronger feature extraction. The intermediate model improved stability but demonstrated that resolution and learning rate alone are not enough to handle fine‑grained disease patterns. The final model combined deeper convolutional blocks with tuned training dynamics, resulting in a substantial improvement in validation accuracy and generalization.
Beyond the numerical results, the project demonstrates how systematic experimentation — adjusting architecture, preprocessing, and training strategy — leads to meaningful performance gains. The findings also align with the literature, which consistently shows that deeper CNNs outperform simpler models in plant disease detection.
Overall, the project meets its objectives by evaluating multiple CNN architectures, identifying the factors that influence performance, and proposing realistic improvements. The results demonstrate that a moderately sized custom CNN can achieve strong performance on the Plant Pathology dataset when combined with appropriate augmentation, learning-rate tuning, and a well-designed training workflow.
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{"metadata":{"kernelspec":{"language":"python","display_name":"Python 3","name":"python3"},"language_info":{"name":"python","version":"3.12.13","mimetype":"text/x-python","codemirror_mode":{"name":"ipython","version":3},"pygments_lexer":"ipython3","nbconvert_exporter":"python","file_extension":".py"},"kaggle":{"accelerator":"none","dataSources":[],"dockerImageVersionId":28755,"isInternetEnabled":false,"language":"python","sourceType":"notebook","isGpuEnabled":false}},"nbformat_minor":4,"nbformat":4,"cells":[{"cell_type":"code","source":"from tensorflow.keras.preprocessing.image import ImageDataGenerator\n\nIMG_SIZE = (96, 96)\nBATCH_SIZE = 32\n\ntrain_path = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/train\"\nvalid_path = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/valid\"\ntest_path  = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/test\"\n\n\nallowed_classes = [\n    \"healthy\",\n    \"scab\",\n    \"frog_eye_leaf_spot\",\n    \"rust\",\n    \"powdery_mildew\"\n]\n\ntrain_datagen = ImageDataGenerator(\n    rescale=1./255,\n    rotation_range=20,\n    zoom_range=0.2,\n    width_shift_range=0.1,\n    height_shift_range=0.1,\n    horizontal_flip=True,\n    fill_mode='nearest'\n)\n\nvalid_datagen = ImageDataGenerator(rescale=1./255)\ntest_datagen  = ImageDataGenerator(rescale=1./255)\n\ntrain_generator = train_datagen.flow_from_directory(\n    train_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,\n    shuffle=True\n)\n\nvalid_generator = valid_datagen.flow_from_directory(\n    valid_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,\n    shuffle=False\n)\n\ntest_generator = test_datagen.flow_from_directory(\n    test_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,\n    shuffle=False\n)\n\nNUM_CLASSES = train_generator.num_classes\nprint(\"Classes:\", train_generator.class_indices)\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T13:43:32.872430Z","iopub.execute_input":"2026-07-16T13:43:32.873143Z","iopub.status.idle":"2026-07-16T13:43:40.422897Z","shell.execute_reply.started":"2026-07-16T13:43:32.873111Z","shell.execute_reply":"2026-07-16T13:43:40.422081Z"}},"outputs":[{"name":"stdout","text":"Found 7307 images belonging to 5 classes.\nFound 1564 images belonging to 5 classes.\nFound 1567 images belonging to 5 classes.\nClasses: {'healthy': 0, 'scab': 1, 'frog_eye_leaf_spot': 2, 'rust': 3, 'powdery_mildew': 4}\n","output_type":"stream"}],"execution_count":10},{"cell_type":"code","source":"import tensorflow as tf\nfrom tensorflow.keras import layers, models\n\nmodel = models.Sequential([\n    layers.Input(shape=(96, 96, 3)),\n\n    layers.Conv2D(16, (3,3), activation='relu', padding='same'),\n    layers.MaxPooling2D(),\n\n    layers.Conv2D(32, (3,3), activation='relu', padding='same'),\n    layers.MaxPooling2D(),\n\n    layers.Conv2D(64, (3,3), activation='relu', padding='same'),\n    layers.MaxPooling2D(),\n\n    layers.Flatten(),\n    layers.Dropout(0.3),\n\n    layers.Dense(128, activation='relu'),\n    layers.Dropout(0.3),\n\n    layers.Dense(NUM_CLASSES, activation='softmax')\n])\n\nmodel.summary()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T13:43:52.754642Z","iopub.execute_input":"2026-07-16T13:43:52.755020Z","iopub.status.idle":"2026-07-16T13:43:53.039484Z","shell.execute_reply.started":"2026-07-16T13:43:52.754988Z","shell.execute_reply":"2026-07-16T13:43:53.038682Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"\u001b[1mModel: \"sequential_1\"\u001b[0m\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\">Model: \"sequential_1\"</span>\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"┏━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━┓\n┃\u001b[1m \u001b[0m\u001b[1mLayer (type)                   \u001b[0m\u001b[1m \u001b[0m┃\u001b[1m \u001b[0m\u001b[1mOutput Shape          \u001b[0m\u001b[1m \u001b[0m┃\u001b[1m \u001b[0m\u001b[1m      Param #\u001b[0m\u001b[1m \u001b[0m┃\n┡━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━┩\n│ conv2d_3 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m96\u001b[0m, \u001b[38;5;34m96\u001b[0m, \u001b[38;5;34m16\u001b[0m)     │           \u001b[38;5;34m448\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_3 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m48\u001b[0m, \u001b[38;5;34m48\u001b[0m, \u001b[38;5;34m16\u001b[0m)     │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_4 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m48\u001b[0m, \u001b[38;5;34m48\u001b[0m, \u001b[38;5;34m32\u001b[0m)     │         \u001b[38;5;34m4,640\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_4 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m24\u001b[0m, \u001b[38;5;34m24\u001b[0m, \u001b[38;5;34m32\u001b[0m)     │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_5 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m24\u001b[0m, \u001b[38;5;34m24\u001b[0m, \u001b[38;5;34m64\u001b[0m)     │        \u001b[38;5;34m18,496\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_5 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m12\u001b[0m, \u001b[38;5;34m12\u001b[0m, \u001b[38;5;34m64\u001b[0m)     │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ flatten_1 (\u001b[38;5;33mFlatten\u001b[0m)             │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m9216\u001b[0m)           │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_2 (\u001b[38;5;33mDropout\u001b[0m)             │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m9216\u001b[0m)           │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_2 (\u001b[38;5;33mDense\u001b[0m)                 │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m128\u001b[0m)            │     \u001b[38;5;34m1,179,776\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_3 (\u001b[38;5;33mDropout\u001b[0m)             │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m128\u001b[0m)            │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_3 (\u001b[38;5;33mDense\u001b[0m)                 │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m5\u001b[0m)              │           \u001b[38;5;34m645\u001b[0m │\n└─────────────────────────────────┴────────────────────────┴───────────────┘\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\">┏━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━┓\n┃<span style=\"font-weight: bold\"> Layer (type)                    </span>┃<span style=\"font-weight: bold\"> Output Shape           </span>┃<span style=\"font-weight: bold\">       Param # </span>┃\n┡━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━┩\n│ conv2d_3 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">96</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">96</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">16</span>)     │           <span style=\"color: #00af00; text-decoration-color: #00af00\">448</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_3 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">48</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">48</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">16</span>)     │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_4 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">48</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">48</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">32</span>)     │         <span style=\"color: #00af00; text-decoration-color: #00af00\">4,640</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_4 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">24</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">24</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">32</span>)     │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_5 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">24</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">24</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">64</span>)     │        <span style=\"color: #00af00; text-decoration-color: #00af00\">18,496</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_5 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">12</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">12</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">64</span>)     │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ flatten_1 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Flatten</span>)             │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">9216</span>)           │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_2 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dropout</span>)             │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">9216</span>)           │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_2 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dense</span>)                 │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)            │     <span style=\"color: #00af00; text-decoration-color: #00af00\">1,179,776</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_3 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dropout</span>)             │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)            │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_3 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dense</span>)                 │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">5</span>)              │           <span style=\"color: #00af00; text-decoration-color: #00af00\">645</span> │\n└─────────────────────────────────┴────────────────────────┴───────────────┘\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Total params: \u001b[0m\u001b[38;5;34m1,204,005\u001b[0m (4.59 MB)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Total params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">1,204,005</span> (4.59 MB)\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Trainable params: \u001b[0m\u001b[38;5;34m1,204,005\u001b[0m (4.59 MB)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Trainable params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">1,204,005</span> (4.59 MB)\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Non-trainable params: \u001b[0m\u001b[38;5;34m0\u001b[0m (0.00 B)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Non-trainable params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> (0.00 B)\n</pre>\n"},"metadata":{}}],"execution_count":11},{"cell_type":"code","source":"optimizer = tf.keras.optimizers.Adam(learning_rate=0.0005)\n\nmodel.compile(\n    optimizer=optimizer,\n    loss='categorical_crossentropy',\n    metrics=['accuracy']\n)\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T13:43:57.500395Z","iopub.execute_input":"2026-07-16T13:43:57.500786Z","iopub.status.idle":"2026-07-16T13:43:57.510771Z","shell.execute_reply.started":"2026-07-16T13:43:57.500756Z","shell.execute_reply":"2026-07-16T13:43:57.509789Z"}},"outputs":[],"execution_count":12},{"cell_type":"code","source":"from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint\n\ncheckpoint = ModelCheckpoint(\n    \"best_model_96.keras\",\n    monitor=\"val_loss\",\n    save_best_only=True,\n    verbose=1\n)\n\nearlystop = EarlyStopping(\n    monitor=\"val_loss\",\n    patience=6,\n    restore_best_weights=True\n)","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T13:44:03.845684Z","iopub.execute_input":"2026-07-16T13:44:03.846014Z","iopub.status.idle":"2026-07-16T13:44:03.851421Z","shell.execute_reply.started":"2026-07-16T13:44:03.845985Z","shell.execute_reply":"2026-07-16T13:44:03.850588Z"}},"outputs":[],"execution_count":15},{"cell_type":"code","source":"history = model.fit(\n    train_generator,\n    validation_data=valid_generator,\n    epochs=30,\n    callbacks=[checkpoint, earlystop]\n)","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T13:44:37.383697Z","iopub.execute_input":"2026-07-16T13:44:37.384037Z","iopub.status.idle":"2026-07-16T14:22:47.979035Z","shell.execute_reply.started":"2026-07-16T13:44:37.384005Z","shell.execute_reply":"2026-07-16T14:22:47.978207Z"}},"outputs":[{"name":"stdout","text":"Epoch 1/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 477ms/step - accuracy: 0.3294 - loss: 1.4841\nEpoch 1: val_loss improved from None to 1.35525, saving model to best_model_96.keras\n\nEpoch 1: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m129s\u001b[0m 554ms/step - accuracy: 0.3620 - loss: 1.4212 - val_accuracy: 0.4150 - val_loss: 1.3553\nEpoch 2/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 286ms/step - accuracy: 0.4234 - loss: 1.2899\nEpoch 2: val_loss improved from 1.35525 to 1.23263, saving model to best_model_96.keras\n\nEpoch 2: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 318ms/step - accuracy: 0.4430 - loss: 1.2682 - val_accuracy: 0.4623 - val_loss: 1.2326\nEpoch 3/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 289ms/step - accuracy: 0.4878 - loss: 1.1952\nEpoch 3: val_loss improved from 1.23263 to 1.10996, saving model to best_model_96.keras\n\nEpoch 3: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 323ms/step - accuracy: 0.4980 - loss: 1.1761 - val_accuracy: 0.5275 - val_loss: 1.1100\nEpoch 4/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 289ms/step - accuracy: 0.5186 - loss: 1.1276\nEpoch 4: val_loss improved from 1.10996 to 1.01295, saving model to best_model_96.keras\n\nEpoch 4: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 320ms/step - accuracy: 0.5296 - loss: 1.1162 - val_accuracy: 0.5723 - val_loss: 1.0130\nEpoch 5/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.5663 - loss: 1.0388\nEpoch 5: val_loss improved from 1.01295 to 1.01097, saving model to best_model_96.keras\n\nEpoch 5: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 321ms/step - accuracy: 0.5710 - loss: 1.0330 - val_accuracy: 0.5934 - val_loss: 1.0110\nEpoch 6/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 294ms/step - accuracy: 0.5929 - loss: 0.9988\nEpoch 6: val_loss improved from 1.01097 to 0.93030, saving model to best_model_96.keras\n\nEpoch 6: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m75s\u001b[0m 326ms/step - accuracy: 0.5914 - loss: 0.9898 - val_accuracy: 0.6228 - val_loss: 0.9303\nEpoch 7/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 296ms/step - accuracy: 0.6171 - loss: 0.9498\nEpoch 7: val_loss improved from 0.93030 to 0.90403, saving model to best_model_96.keras\n\nEpoch 7: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m75s\u001b[0m 328ms/step - accuracy: 0.6275 - loss: 0.9200 - val_accuracy: 0.6247 - val_loss: 0.9040\nEpoch 8/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 295ms/step - accuracy: 0.6340 - loss: 0.8880\nEpoch 8: val_loss improved from 0.90403 to 0.89731, saving model to best_model_96.keras\n\nEpoch 8: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m75s\u001b[0m 328ms/step - accuracy: 0.6403 - loss: 0.8831 - val_accuracy: 0.6324 - val_loss: 0.8973\nEpoch 9/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 287ms/step - accuracy: 0.6550 - loss: 0.8456\nEpoch 9: val_loss improved from 0.89731 to 0.88924, saving model to best_model_96.keras\n\nEpoch 9: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 320ms/step - accuracy: 0.6553 - loss: 0.8398 - val_accuracy: 0.6317 - val_loss: 0.8892\nEpoch 10/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 293ms/step - accuracy: 0.6829 - loss: 0.7982\nEpoch 10: val_loss improved from 0.88924 to 0.76308, saving model to best_model_96.keras\n\nEpoch 10: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m75s\u001b[0m 326ms/step - accuracy: 0.6772 - loss: 0.8019 - val_accuracy: 0.6861 - val_loss: 0.7631\nEpoch 11/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 294ms/step - accuracy: 0.6847 - loss: 0.7734\nEpoch 11: val_loss improved from 0.76308 to 0.71264, saving model to best_model_96.keras\n\nEpoch 11: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m75s\u001b[0m 329ms/step - accuracy: 0.6893 - loss: 0.7699 - val_accuracy: 0.7302 - val_loss: 0.7126\nEpoch 12/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 302ms/step - accuracy: 0.7002 - loss: 0.7469\nEpoch 12: val_loss did not improve from 0.71264\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m84s\u001b[0m 339ms/step - accuracy: 0.7018 - loss: 0.7417 - val_accuracy: 0.6995 - val_loss: 0.7531\nEpoch 13/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 292ms/step - accuracy: 0.7155 - loss: 0.7224\nEpoch 13: val_loss did not improve from 0.71264\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 323ms/step - accuracy: 0.7114 - loss: 0.7212 - val_accuracy: 0.7193 - val_loss: 0.7334\nEpoch 14/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 288ms/step - accuracy: 0.6886 - loss: 0.7411\nEpoch 14: val_loss improved from 0.71264 to 0.63361, saving model to best_model_96.keras\n\nEpoch 14: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 320ms/step - accuracy: 0.7111 - loss: 0.7013 - val_accuracy: 0.7590 - val_loss: 0.6336\nEpoch 15/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 289ms/step - accuracy: 0.7223 - loss: 0.7023\nEpoch 15: val_loss did not improve from 0.63361\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 321ms/step - accuracy: 0.7275 - loss: 0.6864 - val_accuracy: 0.7481 - val_loss: 0.6456\nEpoch 16/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 289ms/step - accuracy: 0.7342 - loss: 0.6706\nEpoch 16: val_loss did not improve from 0.63361\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 320ms/step - accuracy: 0.7331 - loss: 0.6717 - val_accuracy: 0.7231 - val_loss: 0.7379\nEpoch 17/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.7311 - loss: 0.6614\nEpoch 17: val_loss did not improve from 0.63361\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 321ms/step - accuracy: 0.7363 - loss: 0.6584 - val_accuracy: 0.7442 - val_loss: 0.6411\nEpoch 18/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 286ms/step - accuracy: 0.7487 - loss: 0.6412\nEpoch 18: val_loss improved from 0.63361 to 0.62909, saving model to best_model_96.keras\n\nEpoch 18: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 318ms/step - accuracy: 0.7430 - loss: 0.6402 - val_accuracy: 0.7628 - val_loss: 0.6291\nEpoch 19/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 288ms/step - accuracy: 0.7479 - loss: 0.6390\nEpoch 19: val_loss did not improve from 0.62909\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 321ms/step - accuracy: 0.7545 - loss: 0.6186 - val_accuracy: 0.7391 - val_loss: 0.6398\nEpoch 20/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.7505 - loss: 0.6095\nEpoch 20: val_loss improved from 0.62909 to 0.62618, saving model to best_model_96.keras\n\nEpoch 20: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 322ms/step - accuracy: 0.7528 - loss: 0.6114 - val_accuracy: 0.7647 - val_loss: 0.6262\nEpoch 21/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 287ms/step - accuracy: 0.7652 - loss: 0.5810\nEpoch 21: val_loss did not improve from 0.62618\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 319ms/step - accuracy: 0.7628 - loss: 0.5884 - val_accuracy: 0.7404 - val_loss: 0.6277\nEpoch 22/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 289ms/step - accuracy: 0.7788 - loss: 0.5721\nEpoch 22: val_loss did not improve from 0.62618\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 320ms/step - accuracy: 0.7712 - loss: 0.5813 - val_accuracy: 0.7238 - val_loss: 0.7025\nEpoch 23/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.7756 - loss: 0.5848\nEpoch 23: val_loss improved from 0.62618 to 0.55240, saving model to best_model_96.keras\n\nEpoch 23: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 322ms/step - accuracy: 0.7753 - loss: 0.5777 - val_accuracy: 0.8024 - val_loss: 0.5524\nEpoch 24/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 291ms/step - accuracy: 0.7804 - loss: 0.5590\nEpoch 24: val_loss improved from 0.55240 to 0.51875, saving model to best_model_96.keras\n\nEpoch 24: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 324ms/step - accuracy: 0.7769 - loss: 0.5634 - val_accuracy: 0.8088 - val_loss: 0.5187\nEpoch 25/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.7905 - loss: 0.5372\nEpoch 25: val_loss did not improve from 0.51875\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 322ms/step - accuracy: 0.7871 - loss: 0.5399 - val_accuracy: 0.7928 - val_loss: 0.5382\nEpoch 26/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.7934 - loss: 0.5205\nEpoch 26: val_loss improved from 0.51875 to 0.50590, saving model to best_model_96.keras\n\nEpoch 26: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 323ms/step - accuracy: 0.7932 - loss: 0.5266 - val_accuracy: 0.8031 - val_loss: 0.5059\nEpoch 27/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 288ms/step - accuracy: 0.7944 - loss: 0.5312\nEpoch 27: val_loss improved from 0.50590 to 0.48542, saving model to best_model_96.keras\n\nEpoch 27: finished saving model to best_model_96.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m73s\u001b[0m 320ms/step - accuracy: 0.7979 - loss: 0.5224 - val_accuracy: 0.8152 - val_loss: 0.4854\nEpoch 28/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 289ms/step - accuracy: 0.8096 - loss: 0.4865\nEpoch 28: val_loss did not improve from 0.48542\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 321ms/step - accuracy: 0.8109 - loss: 0.4939 - val_accuracy: 0.8056 - val_loss: 0.5236\nEpoch 29/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.8064 - loss: 0.4971\nEpoch 29: val_loss did not improve from 0.48542\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m82s\u001b[0m 322ms/step - accuracy: 0.8073 - loss: 0.4966 - val_accuracy: 0.8095 - val_loss: 0.5204\nEpoch 30/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 290ms/step - accuracy: 0.8251 - loss: 0.4621\nEpoch 30: val_loss did not improve from 0.48542\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m74s\u001b[0m 322ms/step - accuracy: 0.8152 - loss: 0.4780 - val_accuracy: 0.7909 - val_loss: 0.5430\n","output_type":"stream"}],"execution_count":16},{"cell_type":"code","source":"import matplotlib.pyplot as plt\n\nplt.plot(history.history['accuracy'])\nplt.plot(history.history['val_accuracy'])\nplt.title('Model accuracy')\nplt.ylabel('Accuracy')\nplt.xlabel('Epoch')\nplt.legend(['Train', 'Validation'])\nplt.show()\n\nplt.plot(history.history['loss'])\nplt.plot(history.history['val_loss'])\nplt.title('Model loss')\nplt.ylabel('Loss')\nplt.xlabel('Epoch')\nplt.legend(['Train', 'Validation'])\nplt.show()","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T14:30:33.026863Z","iopub.execute_input":"2026-07-16T14:30:33.027668Z","iopub.status.idle":"2026-07-16T14:30:33.366131Z","shell.execute_reply.started":"2026-07-16T14:30:33.027627Z","shell.execute_reply":"2026-07-16T14:30:33.365213Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 640x480 with 1 Axes>","image/png":"\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"<Figure size 640x480 with 1 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":17},{"cell_type":"code","source":"from sklearn.metrics import confusion_matrix, classification_report\nimport numpy as np\n\n\npreds = model.predict(valid_generator)\npred_labels = np.argmax(preds, axis=1)\n\n\ntrue_labels = valid_generator.classes\n\n\nclass_names = list(valid_generator.class_indices.keys())","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T14:30:59.651131Z","iopub.execute_input":"2026-07-16T14:30:59.651806Z","iopub.status.idle":"2026-07-16T14:31:07.671292Z","shell.execute_reply.started":"2026-07-16T14:30:59.651772Z","shell.execute_reply":"2026-07-16T14:31:07.670580Z"}},"outputs":[{"name":"stdout","text":"\u001b[1m49/49\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m7s\u001b[0m 150ms/step\n","output_type":"stream"}],"execution_count":18},{"cell_type":"code","source":"import seaborn as sns\nimport matplotlib.pyplot as plt\nfrom sklearn.metrics import confusion_matrix\n\ncm = confusion_matrix(true_labels, pred_labels)\n\nplt.figure(figsize=(12, 10))\nsns.heatmap(cm, annot=True, fmt='d', cmap='Blues',\n            xticklabels=class_names,\n            yticklabels=class_names)\nplt.xlabel(\"Predicted\")\nplt.ylabel(\"True\")\nplt.title(\"Confusion Matrix\")\nplt.show()","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T14:31:39.046407Z","iopub.execute_input":"2026-07-16T14:31:39.047013Z","iopub.status.idle":"2026-07-16T14:31:39.752749Z","shell.execute_reply.started":"2026-07-16T14:31:39.046981Z","shell.execute_reply":"2026-07-16T14:31:39.751550Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 1200x1000 with 2 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":19},{"cell_type":"code","source":"from sklearn.metrics import classification_report\n\nreport = classification_report(true_labels, pred_labels, target_names=class_names)\nprint(report)","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T14:32:09.992007Z","iopub.execute_input":"2026-07-16T14:32:09.992361Z","iopub.status.idle":"2026-07-16T14:32:10.009897Z","shell.execute_reply.started":"2026-07-16T14:32:09.992331Z","shell.execute_reply":"2026-07-16T14:32:10.009059Z"}},"outputs":[{"name":"stdout","text":"                    precision    recall  f1-score   support\n\n           healthy       0.79      0.79      0.79       444\n              scab       0.73      0.86      0.79       500\nfrog_eye_leaf_spot       0.95      0.82      0.88       310\n              rust       0.88      0.88      0.88       185\n    powdery_mildew       0.94      0.64      0.76       125\n\n          accuracy                           0.82      1564\n         macro avg       0.86      0.80      0.82      1564\n      weighted avg       0.83      0.82      0.82      1564\n\n","output_type":"stream"}],"execution_count":20},{"cell_type":"code","source":"import matplotlib.pyplot as plt\nimport numpy as np\n\n\nimages, labels = next(valid_generator)\n\n\npreds = model.predict(images)\npred_labels = np.argmax(preds, axis=1)\n\n\ntrue_labels = np.argmax(labels, axis=1)\n\n\nclass_names = list(valid_generator.class_indices.keys())","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T14:32:45.172165Z","iopub.execute_input":"2026-07-16T14:32:45.172536Z","iopub.status.idle":"2026-07-16T14:32:45.514184Z","shell.execute_reply.started":"2026-07-16T14:32:45.172477Z","shell.execute_reply":"2026-07-16T14:32:45.513302Z"}},"outputs":[{"name":"stdout","text":"\u001b[1m1/1\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 152ms/step\n","output_type":"stream"}],"execution_count":21},{"cell_type":"code","source":"plt.figure(figsize=(12, 12))\n\nfor i in range(9):\n    plt.subplot(3, 3, i+1)\n    plt.imshow(images[i])\n    plt.axis('off')\n\n    true_class = class_names[true_labels[i]]\n    pred_class = class_names[pred_labels[i]]\n\n    color = \"green\" if true_class == pred_class else \"red\"\n\n    plt.title(f\"True: {true_class}\\nPred: {pred_class}\", color=color)\n\nplt.tight_layout()\nplt.show()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T14:33:01.040560Z","iopub.execute_input":"2026-07-16T14:33:01.040916Z","iopub.status.idle":"2026-07-16T14:33:01.590673Z","shell.execute_reply.started":"2026-07-16T14:33:01.040885Z","shell.execute_reply":"2026-07-16T14:33:01.589718Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 1200x1200 with 9 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":22}]}
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{"metadata":{"kernelspec":{"language":"python","display_name":"Python 3","name":"python3"},"language_info":{"name":"python","version":"3.12.13","mimetype":"text/x-python","codemirror_mode":{"name":"ipython","version":3},"pygments_lexer":"ipython3","nbconvert_exporter":"python","file_extension":".py"},"kaggle":{"accelerator":"none","dataSources":[],"dockerImageVersionId":28755,"isInternetEnabled":false,"language":"python","sourceType":"notebook","isGpuEnabled":false}},"nbformat_minor":4,"nbformat":4,"cells":[{"cell_type":"code","source":"# This Python 3 environment comes with many helpful analytics libraries installed\n# It is defined by the kaggle/python Docker image: https://github.com/kaggle/docker-python\n# For example, here's several helpful packages to load\n\nimport numpy as np # linear algebra\nimport pandas as pd # data processing, CSV file I/O (e.g. pd.read_csv)\n\n# Input data files are available in the read-only \"../input/\" directory\n# For example, running this (by clicking run or pressing Shift+Enter) will list all files under the input directory\n\nimport os\nfor dirname, _, filenames in os.walk('/kaggle/input'):\n    for filename in filenames:\n        print(os.path.join(dirname, filename))\n\n# You can write up to 20GB to the current directory (/kaggle/working/) that gets preserved as output when you create a version using \"Save & Run All\" \n# You can also write temporary files to /kaggle/temp/, but they won't be saved outside of the current session\n\n# Use the kagglehub client library to attach Kaggle resources like competitions, datasets, and models to your session\n# Learn more about kagglehub: https://github.com/Kaggle/kagglehub/blob/main/README.md\n\nimport kagglehub\n# kagglehub.dataset_download('<owner>/<dataset-slug>')","metadata":{"_uuid":"8f2839f25d086af736a60e9eeb907d3b93b6e0e5","_cell_guid":"b1076dfc-b9ad-4769-8c92-a6c4dae69d19","trusted":true,"execution":{"iopub.status.busy":"2026-07-15T00:19:38.047256Z","iopub.execute_input":"2026-07-15T00:19:38.047621Z","iopub.status.idle":"2026-07-15T00:19:40.747745Z","shell.execute_reply.started":"2026-07-15T00:19:38.047579Z","shell.execute_reply":"2026-07-15T00:19:40.746543Z"}},"outputs":[],"execution_count":1},{"cell_type":"code","source":"import kagglehub\n\n# Download latest version\npath = kagglehub.dataset_download(\"marinkeee/plantpathology-split\")\n\nprint(\"Path to dataset files:\", path)","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T10:52:41.207618Z","iopub.execute_input":"2026-07-16T10:52:41.207957Z","iopub.status.idle":"2026-07-16T10:52:41.957481Z","shell.execute_reply.started":"2026-07-16T10:52:41.207929Z","shell.execute_reply":"2026-07-16T10:52:41.956717Z"}},"outputs":[{"name":"stdout","text":"Path to dataset files: /kaggle/input/datasets/marinkeee/plantpathology-split\n","output_type":"stream"}],"execution_count":2},{"cell_type":"code","source":"train_path = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/train\"\nvalid_path = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/valid\"\ntest_path  = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/test\"\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T10:52:51.271360Z","iopub.execute_input":"2026-07-16T10:52:51.272154Z","iopub.status.idle":"2026-07-16T10:52:51.276319Z","shell.execute_reply.started":"2026-07-16T10:52:51.272110Z","shell.execute_reply":"2026-07-16T10:52:51.275551Z"}},"outputs":[],"execution_count":5},{"cell_type":"code","source":"from tensorflow.keras.preprocessing.image import ImageDataGenerator\n\nIMG_SIZE = (128, 128)\nBATCH_SIZE = 32\n\nallowed_classes = [\n    \"healthy\",\n    \"scab\",\n    \"frog_eye_leaf_spot\",\n    \"rust\",\n    \"powdery_mildew\"\n]\n\ntrain_datagen = ImageDataGenerator(rescale=1./255)\nvalid_datagen = ImageDataGenerator(rescale=1./255)\n\ntrain_generator = train_datagen.flow_from_directory(\n    train_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,      \n    shuffle=True\n)\n\nvalid_generator = valid_datagen.flow_from_directory(\n    valid_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,      \n    shuffle=False\n)\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T10:55:17.620239Z","iopub.execute_input":"2026-07-16T10:55:17.620694Z","iopub.status.idle":"2026-07-16T10:55:19.154380Z","shell.execute_reply.started":"2026-07-16T10:55:17.620658Z","shell.execute_reply":"2026-07-16T10:55:19.153763Z"}},"outputs":[{"name":"stdout","text":"Found 7307 images belonging to 5 classes.\nFound 1564 images belonging to 5 classes.\n","output_type":"stream"}],"execution_count":7},{"cell_type":"code","source":"from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint\n\ncheckpoint = ModelCheckpoint(\n    \"best_model.keras\",\n    monitor=\"val_loss\",\n    save_best_only=True,\n    mode=\"min\",\n    verbose=1\n)\n\nearlystop = EarlyStopping(\n    monitor=\"val_loss\",\n    patience=5,\n    restore_best_weights=True\n)\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T10:56:06.565740Z","iopub.execute_input":"2026-07-16T10:56:06.566061Z","iopub.status.idle":"2026-07-16T10:56:06.570467Z","shell.execute_reply.started":"2026-07-16T10:56:06.566037Z","shell.execute_reply":"2026-07-16T10:56:06.569538Z"}},"outputs":[],"execution_count":9},{"cell_type":"code","source":"import tensorflow as tf\nfrom tensorflow.keras import layers, models\n\nIMG_SIZE = (128, 128)\nNUM_CLASSES = train_generator.num_classes\n\nmodel = models.Sequential([\n    layers.Input(shape=(IMG_SIZE[0], IMG_SIZE[1], 3)),\n\n    layers.Conv2D(32, (3,3), activation='relu'),\n    layers.MaxPooling2D(),\n\n    layers.Conv2D(64, (3,3), activation='relu'),\n    layers.MaxPooling2D(),\n\n    layers.Conv2D(128, (3,3), activation='relu'),\n    layers.MaxPooling2D(),\n\n    layers.Flatten(),\n    layers.Dense(128, activation='relu'),\n    layers.Dropout(0.3),\n    layers.Dense(NUM_CLASSES, activation='softmax')\n])\n\nmodel.compile(\n    optimizer='adam',\n    loss='categorical_crossentropy',\n    metrics=['accuracy']\n)\n\nmodel.summary()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T10:57:05.074090Z","iopub.execute_input":"2026-07-16T10:57:05.074348Z","iopub.status.idle":"2026-07-16T10:57:05.138659Z","shell.execute_reply.started":"2026-07-16T10:57:05.074327Z","shell.execute_reply":"2026-07-16T10:57:05.137766Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"\u001b[1mModel: \"sequential_1\"\u001b[0m\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\">Model: \"sequential_1\"</span>\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"┏━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━┓\n┃\u001b[1m \u001b[0m\u001b[1mLayer (type)                   \u001b[0m\u001b[1m \u001b[0m┃\u001b[1m \u001b[0m\u001b[1mOutput Shape          \u001b[0m\u001b[1m \u001b[0m┃\u001b[1m \u001b[0m\u001b[1m      Param #\u001b[0m\u001b[1m \u001b[0m┃\n┡━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━┩\n│ conv2d_3 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m126\u001b[0m, \u001b[38;5;34m126\u001b[0m, \u001b[38;5;34m32\u001b[0m)   │           \u001b[38;5;34m896\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_3 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m63\u001b[0m, \u001b[38;5;34m63\u001b[0m, \u001b[38;5;34m32\u001b[0m)     │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_4 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m61\u001b[0m, \u001b[38;5;34m61\u001b[0m, \u001b[38;5;34m64\u001b[0m)     │        \u001b[38;5;34m18,496\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_4 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m30\u001b[0m, \u001b[38;5;34m30\u001b[0m, \u001b[38;5;34m64\u001b[0m)     │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_5 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m28\u001b[0m, \u001b[38;5;34m28\u001b[0m, \u001b[38;5;34m128\u001b[0m)    │        \u001b[38;5;34m73,856\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_5 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m14\u001b[0m, \u001b[38;5;34m14\u001b[0m, \u001b[38;5;34m128\u001b[0m)    │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ flatten_1 (\u001b[38;5;33mFlatten\u001b[0m)             │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m25088\u001b[0m)          │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_2 (\u001b[38;5;33mDense\u001b[0m)                 │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m128\u001b[0m)            │     \u001b[38;5;34m3,211,392\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_1 (\u001b[38;5;33mDropout\u001b[0m)             │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m128\u001b[0m)            │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_3 (\u001b[38;5;33mDense\u001b[0m)                 │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m5\u001b[0m)              │           \u001b[38;5;34m645\u001b[0m │\n└─────────────────────────────────┴────────────────────────┴───────────────┘\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\">┏━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━┓\n┃<span style=\"font-weight: bold\"> Layer (type)                    </span>┃<span style=\"font-weight: bold\"> Output Shape           </span>┃<span style=\"font-weight: bold\">       Param # </span>┃\n┡━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━┩\n│ conv2d_3 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">126</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">126</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">32</span>)   │           <span style=\"color: #00af00; text-decoration-color: #00af00\">896</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_3 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">63</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">63</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">32</span>)     │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_4 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">61</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">61</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">64</span>)     │        <span style=\"color: #00af00; text-decoration-color: #00af00\">18,496</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_4 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">30</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">30</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">64</span>)     │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_5 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">28</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">28</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)    │        <span style=\"color: #00af00; text-decoration-color: #00af00\">73,856</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_5 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">14</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">14</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)    │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ flatten_1 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Flatten</span>)             │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">25088</span>)          │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_2 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dense</span>)                 │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)            │     <span style=\"color: #00af00; text-decoration-color: #00af00\">3,211,392</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_1 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dropout</span>)             │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)            │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_3 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dense</span>)                 │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">5</span>)              │           <span style=\"color: #00af00; text-decoration-color: #00af00\">645</span> │\n└─────────────────────────────────┴────────────────────────┴───────────────┘\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Total params: \u001b[0m\u001b[38;5;34m3,305,285\u001b[0m (12.61 MB)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Total params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">3,305,285</span> (12.61 MB)\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Trainable params: \u001b[0m\u001b[38;5;34m3,305,285\u001b[0m (12.61 MB)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Trainable params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">3,305,285</span> (12.61 MB)\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Non-trainable params: \u001b[0m\u001b[38;5;34m0\u001b[0m (0.00 B)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Non-trainable params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> (0.00 B)\n</pre>\n"},"metadata":{}}],"execution_count":11},{"cell_type":"code","source":"history = model.fit(\n    train_generator,\n    validation_data=valid_generator,\n    epochs=20,\n    callbacks=[checkpoint, earlystop]\n)","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T10:57:27.096305Z","iopub.execute_input":"2026-07-16T10:57:27.096720Z","iopub.status.idle":"2026-07-16T11:05:26.944433Z","shell.execute_reply.started":"2026-07-16T10:57:27.096690Z","shell.execute_reply":"2026-07-16T11:05:26.943751Z"}},"outputs":[{"name":"stdout","text":"Epoch 1/20\n","output_type":"stream"},{"name":"stderr","text":"2026-07-16 10:57:31.628751: E external/local_xla/xla/stream_executor/cuda/cuda_timer.cc:86] Delay kernel timed out: measured time has sub-optimal accuracy. There may be a missing warmup execution, please investigate in Nsight Systems.\n2026-07-16 10:57:31.776184: E external/local_xla/xla/stream_executor/cuda/cuda_timer.cc:86] Delay kernel timed out: measured time has sub-optimal accuracy. There may be a missing warmup execution, please investigate in Nsight Systems.\n","output_type":"stream"},{"name":"stdout","text":"\u001b[1m  1/229\u001b[0m \u001b[37m━━━━━━━━━━━━━━━━━━━━\u001b[0m \u001b[1m23:24\u001b[0m 6s/step - accuracy: 0.2500 - loss: 1.6081","output_type":"stream"},{"name":"stderr","text":"I0000 00:00:1784199453.947820     168 device_compiler.h:196] Compiled cluster using XLA!  This line is logged at most once for the lifetime of the process.\n","output_type":"stream"},{"name":"stdout","text":"\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 313ms/step - accuracy: 0.3296 - loss: 1.5276\nEpoch 1: val_loss improved from None to 1.24461, saving model to best_model.keras\n\nEpoch 1: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m94s\u001b[0m 387ms/step - accuracy: 0.3643 - loss: 1.4367 - val_accuracy: 0.4674 - val_loss: 1.2446\nEpoch 2/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 104ms/step - accuracy: 0.4657 - loss: 1.2358\nEpoch 2: val_loss improved from 1.24461 to 1.13146, saving model to best_model.keras\n\nEpoch 2: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m29s\u001b[0m 127ms/step - accuracy: 0.4739 - loss: 1.2202 - val_accuracy: 0.5339 - val_loss: 1.1315\nEpoch 3/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 104ms/step - accuracy: 0.5207 - loss: 1.1277\nEpoch 3: val_loss improved from 1.13146 to 1.04911, saving model to best_model.keras\n\nEpoch 3: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m29s\u001b[0m 128ms/step - accuracy: 0.5411 - loss: 1.1002 - val_accuracy: 0.5518 - val_loss: 1.0491\nEpoch 4/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 105ms/step - accuracy: 0.6192 - loss: 0.9566\nEpoch 4: val_loss improved from 1.04911 to 0.84297, saving model to best_model.keras\n\nEpoch 4: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m29s\u001b[0m 128ms/step - accuracy: 0.6302 - loss: 0.9247 - val_accuracy: 0.6503 - val_loss: 0.8430\nEpoch 5/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 107ms/step - accuracy: 0.6884 - loss: 0.7795\nEpoch 5: val_loss improved from 0.84297 to 0.73610, saving model to best_model.keras\n\nEpoch 5: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 131ms/step - accuracy: 0.6874 - loss: 0.7793 - val_accuracy: 0.7020 - val_loss: 0.7361\nEpoch 6/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 109ms/step - accuracy: 0.7189 - loss: 0.6841\nEpoch 6: val_loss did not improve from 0.73610\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 132ms/step - accuracy: 0.7163 - loss: 0.6927 - val_accuracy: 0.6720 - val_loss: 0.8084\nEpoch 7/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 106ms/step - accuracy: 0.7528 - loss: 0.6117\nEpoch 7: val_loss improved from 0.73610 to 0.68646, saving model to best_model.keras\n\nEpoch 7: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 130ms/step - accuracy: 0.7474 - loss: 0.6167 - val_accuracy: 0.7276 - val_loss: 0.6865\nEpoch 8/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 105ms/step - accuracy: 0.7856 - loss: 0.5391\nEpoch 8: val_loss did not improve from 0.68646\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m29s\u001b[0m 128ms/step - accuracy: 0.7809 - loss: 0.5407 - val_accuracy: 0.7168 - val_loss: 0.6883\nEpoch 9/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 106ms/step - accuracy: 0.8083 - loss: 0.4732\nEpoch 9: val_loss improved from 0.68646 to 0.68213, saving model to best_model.keras\n\nEpoch 9: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 129ms/step - accuracy: 0.8083 - loss: 0.4690 - val_accuracy: 0.7379 - val_loss: 0.6821\nEpoch 10/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 107ms/step - accuracy: 0.8594 - loss: 0.3792\nEpoch 10: val_loss did not improve from 0.68213\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 129ms/step - accuracy: 0.8445 - loss: 0.3996 - val_accuracy: 0.7052 - val_loss: 0.7910\nEpoch 11/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 107ms/step - accuracy: 0.8651 - loss: 0.3406\nEpoch 11: val_loss did not improve from 0.68213\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 129ms/step - accuracy: 0.8686 - loss: 0.3355 - val_accuracy: 0.7449 - val_loss: 0.6885\nEpoch 12/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 107ms/step - accuracy: 0.8935 - loss: 0.2819\nEpoch 12: val_loss did not improve from 0.68213\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 129ms/step - accuracy: 0.8855 - loss: 0.2915 - val_accuracy: 0.7257 - val_loss: 0.8356\nEpoch 13/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 107ms/step - accuracy: 0.9240 - loss: 0.2174\nEpoch 13: val_loss did not improve from 0.68213\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m30s\u001b[0m 129ms/step - accuracy: 0.9097 - loss: 0.2426 - val_accuracy: 0.7244 - val_loss: 0.9074\nEpoch 14/20\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 105ms/step - accuracy: 0.9232 - loss: 0.2033\nEpoch 14: val_loss did not improve from 0.68213\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m29s\u001b[0m 129ms/step - accuracy: 0.9194 - loss: 0.2119 - val_accuracy: 0.7334 - val_loss: 0.9378\n","output_type":"stream"}],"execution_count":12},{"cell_type":"code","source":"import matplotlib.pyplot as plt\n\nplt.plot(history.history['accuracy'])\nplt.plot(history.history['val_accuracy'])\nplt.title('Model accuracy')\nplt.ylabel('Accuracy')\nplt.xlabel('Epoch')\nplt.legend(['Train', 'Validation'])\nplt.show()\n\nplt.plot(history.history['loss'])\nplt.plot(history.history['val_loss'])\nplt.title('Model loss')\nplt.ylabel('Loss')\nplt.xlabel('Epoch')\nplt.legend(['Train', 'Validation'])\nplt.show()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:06:50.457300Z","iopub.execute_input":"2026-07-16T11:06:50.457744Z","iopub.status.idle":"2026-07-16T11:06:50.727471Z","shell.execute_reply.started":"2026-07-16T11:06:50.457714Z","shell.execute_reply":"2026-07-16T11:06:50.726665Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 640x480 with 1 Axes>","image/png":"\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"<Figure size 640x480 with 1 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":13},{"cell_type":"code","source":"from sklearn.metrics import confusion_matrix, classification_report\nimport numpy as np\n\n\npreds = model.predict(valid_generator)\npred_labels = np.argmax(preds, axis=1)\n\n\ntrue_labels = valid_generator.classes\n\n\nclass_names = list(valid_generator.class_indices.keys())\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:06:55.905765Z","iopub.execute_input":"2026-07-16T11:06:55.906105Z","iopub.status.idle":"2026-07-16T11:07:01.962376Z","shell.execute_reply.started":"2026-07-16T11:06:55.906079Z","shell.execute_reply":"2026-07-16T11:07:01.961683Z"}},"outputs":[{"name":"stdout","text":"\u001b[1m49/49\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m6s\u001b[0m 108ms/step\n","output_type":"stream"}],"execution_count":14},{"cell_type":"code","source":"import seaborn as sns\nimport matplotlib.pyplot as plt\nfrom sklearn.metrics import confusion_matrix\n\ncm = confusion_matrix(true_labels, pred_labels)\n\nplt.figure(figsize=(12, 10))\nsns.heatmap(cm, annot=True, fmt='d', cmap='Blues',\n            xticklabels=class_names,\n            yticklabels=class_names)\nplt.xlabel(\"Predicted\")\nplt.ylabel(\"True\")\nplt.title(\"Confusion Matrix\")\nplt.show()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:07:08.536115Z","iopub.execute_input":"2026-07-16T11:07:08.536717Z","iopub.status.idle":"2026-07-16T11:07:08.993753Z","shell.execute_reply.started":"2026-07-16T11:07:08.536687Z","shell.execute_reply":"2026-07-16T11:07:08.993089Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 1200x1000 with 2 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":15},{"cell_type":"code","source":"from sklearn.metrics import classification_report\n\nreport = classification_report(true_labels, pred_labels, target_names=class_names)\nprint(report)\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:07:16.185293Z","iopub.execute_input":"2026-07-16T11:07:16.185696Z","iopub.status.idle":"2026-07-16T11:07:16.199481Z","shell.execute_reply.started":"2026-07-16T11:07:16.185667Z","shell.execute_reply":"2026-07-16T11:07:16.198718Z"}},"outputs":[{"name":"stdout","text":"                    precision    recall  f1-score   support\n\n           healthy       0.68      0.85      0.75       444\n              scab       0.75      0.59      0.66       500\nfrog_eye_leaf_spot       0.86      0.76      0.81       310\n              rust       0.76      0.82      0.79       185\n    powdery_mildew       0.66      0.75      0.70       125\n\n          accuracy                           0.74      1564\n         macro avg       0.74      0.75      0.74      1564\n      weighted avg       0.75      0.74      0.74      1564\n\n","output_type":"stream"}],"execution_count":16},{"cell_type":"code","source":"import matplotlib.pyplot as plt\nimport numpy as np\n\n\nimages, labels = next(valid_generator)\n\n\npreds = model.predict(images)\npred_labels = np.argmax(preds, axis=1)\n\n\ntrue_labels = np.argmax(labels, axis=1)\n\n\nclass_names = list(valid_generator.class_indices.keys())\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:07:23.067494Z","iopub.execute_input":"2026-07-16T11:07:23.068304Z","iopub.status.idle":"2026-07-16T11:07:23.581371Z","shell.execute_reply.started":"2026-07-16T11:07:23.068272Z","shell.execute_reply":"2026-07-16T11:07:23.580729Z"}},"outputs":[{"name":"stdout","text":"\u001b[1m1/1\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 348ms/step\n","output_type":"stream"}],"execution_count":17},{"cell_type":"code","source":"plt.figure(figsize=(12, 12))\n\nfor i in range(9):\n    plt.subplot(3, 3, i+1)\n    plt.imshow(images[i])\n    plt.axis('off')\n\n    true_class = class_names[true_labels[i]]\n    pred_class = class_names[pred_labels[i]]\n\n    color = \"green\" if true_class == pred_class else \"red\"\n\n    plt.title(f\"True: {true_class}\\nPred: {pred_class}\", color=color)\n\nplt.tight_layout()\nplt.show()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:07:36.718894Z","iopub.execute_input":"2026-07-16T11:07:36.719254Z","iopub.status.idle":"2026-07-16T11:07:37.819101Z","shell.execute_reply.started":"2026-07-16T11:07:36.719227Z","shell.execute_reply":"2026-07-16T11:07:37.818139Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 1200x1200 with 9 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":18}]}
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{"metadata":{"kernelspec":{"language":"python","display_name":"Python 3","name":"python3"},"language_info":{"name":"python","version":"3.12.13","mimetype":"text/x-python","codemirror_mode":{"name":"ipython","version":3},"pygments_lexer":"ipython3","nbconvert_exporter":"python","file_extension":".py"},"kaggle":{"accelerator":"none","dataSources":[],"dockerImageVersionId":28755,"isInternetEnabled":false,"language":"python","sourceType":"notebook","isGpuEnabled":false}},"nbformat_minor":4,"nbformat":4,"cells":[{"cell_type":"code","source":"# This Python 3 environment comes with many helpful analytics libraries installed\n# It is defined by the kaggle/python Docker image: https://github.com/kaggle/docker-python\n# For example, here's several helpful packages to load\n\nimport numpy as np # linear algebra\nimport pandas as pd # data processing, CSV file I/O (e.g. pd.read_csv)\n\n# Input data files are available in the read-only \"../input/\" directory\n# For example, running this (by clicking run or pressing Shift+Enter) will list all files under the input directory\n\nimport os\nfor dirname, _, filenames in os.walk('/kaggle/input'):\n    for filename in filenames:\n        print(os.path.join(dirname, filename))\n\n# You can write up to 20GB to the current directory (/kaggle/working/) that gets preserved as output when you create a version using \"Save & Run All\" \n# You can also write temporary files to /kaggle/temp/, but they won't be saved outside of the current session\n\n# Use the kagglehub client library to attach Kaggle resources like competitions, datasets, and models to your session\n# Learn more about kagglehub: https://github.com/Kaggle/kagglehub/blob/main/README.md\n\nimport kagglehub\n# kagglehub.dataset_download('<owner>/<dataset-slug>')","metadata":{"_uuid":"8f2839f25d086af736a60e9eeb907d3b93b6e0e5","_cell_guid":"b1076dfc-b9ad-4769-8c92-a6c4dae69d19","trusted":true,"execution":{"iopub.status.busy":"2026-07-15T00:19:38.047256Z","iopub.execute_input":"2026-07-15T00:19:38.047621Z","iopub.status.idle":"2026-07-15T00:19:40.747745Z","shell.execute_reply.started":"2026-07-15T00:19:38.047579Z","shell.execute_reply":"2026-07-15T00:19:40.746543Z"}},"outputs":[],"execution_count":1},{"cell_type":"code","source":"import kagglehub\n\n# Download latest version\npath = kagglehub.dataset_download(\"marinkeee/plantpathology-split\")\n\nprint(\"Path to dataset files:\", path)","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:31:51.084864Z","iopub.execute_input":"2026-07-16T11:31:51.085325Z","iopub.status.idle":"2026-07-16T11:31:51.150745Z","shell.execute_reply.started":"2026-07-16T11:31:51.085295Z","shell.execute_reply":"2026-07-16T11:31:51.150061Z"}},"outputs":[{"name":"stdout","text":"Path to dataset files: /kaggle/input/datasets/marinkeee/plantpathology-split\n","output_type":"stream"}],"execution_count":19},{"cell_type":"code","source":"train_path = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/train\"\nvalid_path = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/valid\"\ntest_path  = \"/kaggle/input/datasets/marinkeee/plantpathology-split/PlantPathology_Split/test\"\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:31:59.171557Z","iopub.execute_input":"2026-07-16T11:31:59.172351Z","iopub.status.idle":"2026-07-16T11:31:59.175886Z","shell.execute_reply.started":"2026-07-16T11:31:59.172319Z","shell.execute_reply":"2026-07-16T11:31:59.175185Z"}},"outputs":[],"execution_count":21},{"cell_type":"code","source":"import os\nfrom tensorflow.keras.preprocessing.image import ImageDataGenerator\n\nIMG_SIZE = (128, 128)\nBATCH_SIZE = 32\n\n\nallowed_classes = [\n    \"healthy\",\n    \"scab\",\n    \"frog_eye_leaf_spot\",\n    \"rust\",\n    \"powdery_mildew\"\n]\n\ntrain_datagen = ImageDataGenerator(\n    rescale=1./255,\n    rotation_range=20,\n    zoom_range=0.2,\n    width_shift_range=0.1,\n    height_shift_range=0.1,\n    horizontal_flip=True,\n    fill_mode='nearest'\n)\n\nvalid_datagen = ImageDataGenerator(rescale=1./255)\ntest_datagen  = ImageDataGenerator(rescale=1./255)\n\ntrain_generator = train_datagen.flow_from_directory(\n    train_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,    \n    shuffle=True\n)\n\nvalid_generator = valid_datagen.flow_from_directory(\n    valid_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,     \n    shuffle=False\n)\n\ntest_generator = test_datagen.flow_from_directory(\n    test_path,\n    target_size=IMG_SIZE,\n    batch_size=BATCH_SIZE,\n    class_mode='categorical',\n    classes=allowed_classes,     \n    shuffle=False\n)\n\nNUM_CLASSES = train_generator.num_classes\nclass_names = list(train_generator.class_indices.keys())\n\nprint(\"Loaded classes:\", class_names)\nprint(\"Number of classes:\", NUM_CLASSES)\n\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:32:02.505156Z","iopub.execute_input":"2026-07-16T11:32:02.505431Z","iopub.status.idle":"2026-07-16T11:32:06.907140Z","shell.execute_reply.started":"2026-07-16T11:32:02.505407Z","shell.execute_reply":"2026-07-16T11:32:06.906109Z"}},"outputs":[{"name":"stdout","text":"Found 7307 images belonging to 5 classes.\nFound 1564 images belonging to 5 classes.\nFound 1567 images belonging to 5 classes.\nLoaded classes: ['healthy', 'scab', 'frog_eye_leaf_spot', 'rust', 'powdery_mildew']\nNumber of classes: 5\n","output_type":"stream"}],"execution_count":22},{"cell_type":"code","source":"from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint\n\ncheckpoint = ModelCheckpoint(\n    \"best_model.keras\",\n    monitor=\"val_loss\",\n    save_best_only=True,\n    mode=\"min\",\n    verbose=1\n)\n\nearlystop = EarlyStopping(\n    monitor=\"val_loss\",\n    patience=5,\n    restore_best_weights=True\n)\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:33:56.273594Z","iopub.execute_input":"2026-07-16T11:33:56.274440Z","iopub.status.idle":"2026-07-16T11:33:56.278750Z","shell.execute_reply.started":"2026-07-16T11:33:56.274407Z","shell.execute_reply":"2026-07-16T11:33:56.277861Z"}},"outputs":[],"execution_count":23},{"cell_type":"code","source":"import tensorflow as tf\nfrom tensorflow.keras import layers, models\n\nmodel = models.Sequential([\n    layers.Input(shape=(IMG_SIZE[0], IMG_SIZE[1], 3)),\n\n    layers.Conv2D(32, (3,3), activation='relu'),\n    layers.Conv2D(32, (3,3), activation='relu'),\n    layers.MaxPooling2D(),\n\n    layers.Conv2D(64, (3,3), activation='relu'),\n    layers.Conv2D(64, (3,3), activation='relu'),\n    layers.MaxPooling2D(),\n\n    layers.Conv2D(128, (3,3), activation='relu'),\n    layers.Conv2D(128, (3,3), activation='relu'),\n    layers.MaxPooling2D(),\n\n    layers.Flatten(),\n    layers.Dense(256, activation='relu'),\n    layers.Dropout(0.5),\n    layers.Dense(NUM_CLASSES, activation='softmax')\n])\n\noptimizer = tf.keras.optimizers.Adam(learning_rate=0.0005)\n\nmodel.compile(\n    optimizer=optimizer,\n    loss='categorical_crossentropy',\n    metrics=['accuracy']\n)\n\nmodel.summary()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:34:04.257758Z","iopub.execute_input":"2026-07-16T11:34:04.258219Z","iopub.status.idle":"2026-07-16T11:34:04.350058Z","shell.execute_reply.started":"2026-07-16T11:34:04.258190Z","shell.execute_reply":"2026-07-16T11:34:04.349465Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"\u001b[1mModel: \"sequential_2\"\u001b[0m\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\">Model: \"sequential_2\"</span>\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"┏━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━┓\n┃\u001b[1m \u001b[0m\u001b[1mLayer (type)                   \u001b[0m\u001b[1m \u001b[0m┃\u001b[1m \u001b[0m\u001b[1mOutput Shape          \u001b[0m\u001b[1m \u001b[0m┃\u001b[1m \u001b[0m\u001b[1m      Param #\u001b[0m\u001b[1m \u001b[0m┃\n┡━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━┩\n│ conv2d_6 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m126\u001b[0m, \u001b[38;5;34m126\u001b[0m, \u001b[38;5;34m32\u001b[0m)   │           \u001b[38;5;34m896\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_7 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m124\u001b[0m, \u001b[38;5;34m124\u001b[0m, \u001b[38;5;34m32\u001b[0m)   │         \u001b[38;5;34m9,248\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_6 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m62\u001b[0m, \u001b[38;5;34m62\u001b[0m, \u001b[38;5;34m32\u001b[0m)     │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_8 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m60\u001b[0m, \u001b[38;5;34m60\u001b[0m, \u001b[38;5;34m64\u001b[0m)     │        \u001b[38;5;34m18,496\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_9 (\u001b[38;5;33mConv2D\u001b[0m)               │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m58\u001b[0m, \u001b[38;5;34m58\u001b[0m, \u001b[38;5;34m64\u001b[0m)     │        \u001b[38;5;34m36,928\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_7 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m29\u001b[0m, \u001b[38;5;34m29\u001b[0m, \u001b[38;5;34m64\u001b[0m)     │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_10 (\u001b[38;5;33mConv2D\u001b[0m)              │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m27\u001b[0m, \u001b[38;5;34m27\u001b[0m, \u001b[38;5;34m128\u001b[0m)    │        \u001b[38;5;34m73,856\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_11 (\u001b[38;5;33mConv2D\u001b[0m)              │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m25\u001b[0m, \u001b[38;5;34m25\u001b[0m, \u001b[38;5;34m128\u001b[0m)    │       \u001b[38;5;34m147,584\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_8 (\u001b[38;5;33mMaxPooling2D\u001b[0m)  │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m12\u001b[0m, \u001b[38;5;34m12\u001b[0m, \u001b[38;5;34m128\u001b[0m)    │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ flatten_2 (\u001b[38;5;33mFlatten\u001b[0m)             │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m18432\u001b[0m)          │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_4 (\u001b[38;5;33mDense\u001b[0m)                 │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m256\u001b[0m)            │     \u001b[38;5;34m4,718,848\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_2 (\u001b[38;5;33mDropout\u001b[0m)             │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m256\u001b[0m)            │             \u001b[38;5;34m0\u001b[0m │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_5 (\u001b[38;5;33mDense\u001b[0m)                 │ (\u001b[38;5;45mNone\u001b[0m, \u001b[38;5;34m5\u001b[0m)              │         \u001b[38;5;34m1,285\u001b[0m │\n└─────────────────────────────────┴────────────────────────┴───────────────┘\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\">┏━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━┓\n┃<span style=\"font-weight: bold\"> Layer (type)                    </span>┃<span style=\"font-weight: bold\"> Output Shape           </span>┃<span style=\"font-weight: bold\">       Param # </span>┃\n┡━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━┩\n│ conv2d_6 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">126</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">126</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">32</span>)   │           <span style=\"color: #00af00; text-decoration-color: #00af00\">896</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_7 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">124</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">124</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">32</span>)   │         <span style=\"color: #00af00; text-decoration-color: #00af00\">9,248</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_6 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">62</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">62</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">32</span>)     │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_8 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">60</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">60</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">64</span>)     │        <span style=\"color: #00af00; text-decoration-color: #00af00\">18,496</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_9 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)               │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">58</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">58</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">64</span>)     │        <span style=\"color: #00af00; text-decoration-color: #00af00\">36,928</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_7 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">29</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">29</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">64</span>)     │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_10 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)              │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">27</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">27</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)    │        <span style=\"color: #00af00; text-decoration-color: #00af00\">73,856</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ conv2d_11 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Conv2D</span>)              │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">25</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">25</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)    │       <span style=\"color: #00af00; text-decoration-color: #00af00\">147,584</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ max_pooling2d_8 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">MaxPooling2D</span>)  │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">12</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">12</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">128</span>)    │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ flatten_2 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Flatten</span>)             │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">18432</span>)          │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_4 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dense</span>)                 │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">256</span>)            │     <span style=\"color: #00af00; text-decoration-color: #00af00\">4,718,848</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dropout_2 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dropout</span>)             │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">256</span>)            │             <span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> │\n├─────────────────────────────────┼────────────────────────┼───────────────┤\n│ dense_5 (<span style=\"color: #0087ff; text-decoration-color: #0087ff\">Dense</span>)                 │ (<span style=\"color: #00d7ff; text-decoration-color: #00d7ff\">None</span>, <span style=\"color: #00af00; text-decoration-color: #00af00\">5</span>)              │         <span style=\"color: #00af00; text-decoration-color: #00af00\">1,285</span> │\n└─────────────────────────────────┴────────────────────────┴───────────────┘\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Total params: \u001b[0m\u001b[38;5;34m5,007,141\u001b[0m (19.10 MB)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Total params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">5,007,141</span> (19.10 MB)\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Trainable params: \u001b[0m\u001b[38;5;34m5,007,141\u001b[0m (19.10 MB)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Trainable params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">5,007,141</span> (19.10 MB)\n</pre>\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"\u001b[1m Non-trainable params: \u001b[0m\u001b[38;5;34m0\u001b[0m (0.00 B)\n","text/html":"<pre style=\"white-space:pre;overflow-x:auto;line-height:normal;font-family:Menlo,'DejaVu Sans Mono',consolas,'Courier New',monospace\"><span style=\"font-weight: bold\"> Non-trainable params: </span><span style=\"color: #00af00; text-decoration-color: #00af00\">0</span> (0.00 B)\n</pre>\n"},"metadata":{}}],"execution_count":24},{"cell_type":"code","source":"EPOCHS = 30\n\nhistory = model.fit(\n    train_generator,\n    validation_data=valid_generator,\n    epochs=EPOCHS,\n    callbacks=[checkpoint, earlystop]\n)","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T11:35:41.609484Z","iopub.execute_input":"2026-07-16T11:35:41.610276Z","iopub.status.idle":"2026-07-16T11:51:00.788611Z","shell.execute_reply.started":"2026-07-16T11:35:41.610240Z","shell.execute_reply":"2026-07-16T11:51:00.788015Z"}},"outputs":[{"name":"stdout","text":"Epoch 1/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 216ms/step - accuracy: 0.4833 - loss: 1.2154\nEpoch 1: val_loss improved from 1.32762 to 0.86736, saving model to best_model.keras\n\nEpoch 1: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m55s\u001b[0m 241ms/step - accuracy: 0.5263 - loss: 1.1290 - val_accuracy: 0.6362 - val_loss: 0.8674\nEpoch 2/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 212ms/step - accuracy: 0.6098 - loss: 0.9359\nEpoch 2: val_loss improved from 0.86736 to 0.73645, saving model to best_model.keras\n\nEpoch 2: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 237ms/step - accuracy: 0.6186 - loss: 0.9074 - val_accuracy: 0.7072 - val_loss: 0.7365\nEpoch 3/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 216ms/step - accuracy: 0.6464 - loss: 0.8312\nEpoch 3: val_loss did not improve from 0.73645\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m55s\u001b[0m 238ms/step - accuracy: 0.6553 - loss: 0.8255 - val_accuracy: 0.6675 - val_loss: 0.7396\nEpoch 4/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 216ms/step - accuracy: 0.6874 - loss: 0.7547\nEpoch 4: val_loss improved from 0.73645 to 0.65640, saving model to best_model.keras\n\nEpoch 4: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m55s\u001b[0m 240ms/step - accuracy: 0.6866 - loss: 0.7493 - val_accuracy: 0.7308 - val_loss: 0.6564\nEpoch 5/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 212ms/step - accuracy: 0.6984 - loss: 0.7187\nEpoch 5: val_loss improved from 0.65640 to 0.58716, saving model to best_model.keras\n\nEpoch 5: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 237ms/step - accuracy: 0.7056 - loss: 0.7067 - val_accuracy: 0.7564 - val_loss: 0.5872\nEpoch 6/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 215ms/step - accuracy: 0.7385 - loss: 0.6705\nEpoch 6: val_loss improved from 0.58716 to 0.57640, saving model to best_model.keras\n\nEpoch 6: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m55s\u001b[0m 238ms/step - accuracy: 0.7445 - loss: 0.6543 - val_accuracy: 0.7653 - val_loss: 0.5764\nEpoch 7/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 209ms/step - accuracy: 0.7768 - loss: 0.5757\nEpoch 7: val_loss improved from 0.57640 to 0.42015, saving model to best_model.keras\n\nEpoch 7: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m53s\u001b[0m 233ms/step - accuracy: 0.7842 - loss: 0.5761 - val_accuracy: 0.8459 - val_loss: 0.4202\nEpoch 8/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 213ms/step - accuracy: 0.8081 - loss: 0.5207\nEpoch 8: val_loss did not improve from 0.42015\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 235ms/step - accuracy: 0.8172 - loss: 0.5072 - val_accuracy: 0.8376 - val_loss: 0.4375\nEpoch 9/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 213ms/step - accuracy: 0.8272 - loss: 0.4779\nEpoch 9: val_loss did not improve from 0.42015\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 236ms/step - accuracy: 0.8330 - loss: 0.4677 - val_accuracy: 0.8191 - val_loss: 0.4601\nEpoch 10/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 214ms/step - accuracy: 0.8420 - loss: 0.4383\nEpoch 10: val_loss did not improve from 0.42015\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 237ms/step - accuracy: 0.8490 - loss: 0.4233 - val_accuracy: 0.8427 - val_loss: 0.4361\nEpoch 11/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 212ms/step - accuracy: 0.8503 - loss: 0.4299\nEpoch 11: val_loss improved from 0.42015 to 0.36335, saving model to best_model.keras\n\nEpoch 11: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 236ms/step - accuracy: 0.8636 - loss: 0.3939 - val_accuracy: 0.8747 - val_loss: 0.3633\nEpoch 12/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 214ms/step - accuracy: 0.8644 - loss: 0.3878\nEpoch 12: val_loss improved from 0.36335 to 0.27696, saving model to best_model.keras\n\nEpoch 12: finished saving model to best_model.keras\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 237ms/step - accuracy: 0.8678 - loss: 0.3747 - val_accuracy: 0.9098 - val_loss: 0.2770\nEpoch 13/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 210ms/step - accuracy: 0.8795 - loss: 0.3566\nEpoch 13: val_loss did not improve from 0.27696\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m53s\u001b[0m 232ms/step - accuracy: 0.8796 - loss: 0.3512 - val_accuracy: 0.8817 - val_loss: 0.3695\nEpoch 14/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 213ms/step - accuracy: 0.8750 - loss: 0.3578\nEpoch 14: val_loss did not improve from 0.27696\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 235ms/step - accuracy: 0.8839 - loss: 0.3351 - val_accuracy: 0.8887 - val_loss: 0.3284\nEpoch 15/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 210ms/step - accuracy: 0.8886 - loss: 0.3227\nEpoch 15: val_loss did not improve from 0.27696\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m53s\u001b[0m 233ms/step - accuracy: 0.8879 - loss: 0.3270 - val_accuracy: 0.8990 - val_loss: 0.2842\nEpoch 16/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 208ms/step - accuracy: 0.9088 - loss: 0.2910\nEpoch 16: val_loss did not improve from 0.27696\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m53s\u001b[0m 231ms/step - accuracy: 0.9052 - loss: 0.2934 - val_accuracy: 0.8900 - val_loss: 0.3033\nEpoch 17/30\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 212ms/step - accuracy: 0.8941 - loss: 0.3114\nEpoch 17: val_loss did not improve from 0.27696\n\u001b[1m229/229\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m54s\u001b[0m 235ms/step - accuracy: 0.8978 - loss: 0.3047 - val_accuracy: 0.8913 - val_loss: 0.3208\n","output_type":"stream"}],"execution_count":26},{"cell_type":"code","source":"import matplotlib.pyplot as plt\n\nplt.plot(history.history['accuracy'])\nplt.plot(history.history['val_accuracy'])\nplt.title('Model accuracy')\nplt.ylabel('Accuracy')\nplt.xlabel('Epoch')\nplt.legend(['Train', 'Validation'])\nplt.show()\n\nplt.plot(history.history['loss'])\nplt.plot(history.history['val_loss'])\nplt.title('Model loss')\nplt.ylabel('Loss')\nplt.xlabel('Epoch')\nplt.legend(['Train', 'Validation'])\nplt.show()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T12:20:09.058055Z","iopub.execute_input":"2026-07-16T12:20:09.058470Z","iopub.status.idle":"2026-07-16T12:20:09.322223Z","shell.execute_reply.started":"2026-07-16T12:20:09.058436Z","shell.execute_reply":"2026-07-16T12:20:09.321597Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 640x480 with 1 Axes>","image/png":"\n"},"metadata":{}},{"output_type":"display_data","data":{"text/plain":"<Figure size 640x480 with 1 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":27},{"cell_type":"code","source":"from sklearn.metrics import confusion_matrix, classification_report\nimport numpy as np\n\n\npreds = model.predict(valid_generator)\npred_labels = np.argmax(preds, axis=1)\n\n\ntrue_labels = valid_generator.classes\n\n\nclass_names = list(valid_generator.class_indices.keys())\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T12:20:14.227217Z","iopub.execute_input":"2026-07-16T12:20:14.227581Z","iopub.status.idle":"2026-07-16T12:20:22.227990Z","shell.execute_reply.started":"2026-07-16T12:20:14.227553Z","shell.execute_reply":"2026-07-16T12:20:22.227328Z"}},"outputs":[{"name":"stdout","text":"\u001b[1m49/49\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m8s\u001b[0m 146ms/step\n","output_type":"stream"}],"execution_count":28},{"cell_type":"code","source":"import seaborn as sns\nimport matplotlib.pyplot as plt\nfrom sklearn.metrics import confusion_matrix\n\ncm = confusion_matrix(true_labels, pred_labels)\n\nplt.figure(figsize=(12, 10))\nsns.heatmap(cm, annot=True, fmt='d', cmap='Blues',\n            xticklabels=class_names,\n            yticklabels=class_names)\nplt.xlabel(\"Predicted\")\nplt.ylabel(\"True\")\nplt.title(\"Confusion Matrix\")\nplt.show()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T12:20:25.215108Z","iopub.execute_input":"2026-07-16T12:20:25.215498Z","iopub.status.idle":"2026-07-16T12:20:25.420279Z","shell.execute_reply.started":"2026-07-16T12:20:25.215470Z","shell.execute_reply":"2026-07-16T12:20:25.419478Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 1200x1000 with 2 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":29},{"cell_type":"code","source":"from sklearn.metrics import classification_report\n\nreport = classification_report(true_labels, pred_labels, target_names=class_names)\nprint(report)\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T12:20:31.144872Z","iopub.execute_input":"2026-07-16T12:20:31.145452Z","iopub.status.idle":"2026-07-16T12:20:31.158621Z","shell.execute_reply.started":"2026-07-16T12:20:31.145422Z","shell.execute_reply":"2026-07-16T12:20:31.158050Z"}},"outputs":[{"name":"stdout","text":"                    precision    recall  f1-score   support\n\n           healthy       0.87      0.95      0.91       444\n              scab       0.91      0.90      0.90       500\nfrog_eye_leaf_spot       0.94      0.95      0.94       310\n              rust       0.97      0.90      0.93       185\n    powdery_mildew       0.95      0.72      0.82       125\n\n          accuracy                           0.91      1564\n         macro avg       0.93      0.88      0.90      1564\n      weighted avg       0.91      0.91      0.91      1564\n\n","output_type":"stream"}],"execution_count":30},{"cell_type":"code","source":"import matplotlib.pyplot as plt\nimport numpy as np\n\n\nimages, labels = next(valid_generator)\n\n\npreds = model.predict(images)\npred_labels = np.argmax(preds, axis=1)\n\n\ntrue_labels = np.argmax(labels, axis=1)\n\n\nclass_names = list(valid_generator.class_indices.keys())\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T12:20:35.681546Z","iopub.execute_input":"2026-07-16T12:20:35.681960Z","iopub.status.idle":"2026-07-16T12:20:36.274706Z","shell.execute_reply.started":"2026-07-16T12:20:35.681932Z","shell.execute_reply":"2026-07-16T12:20:36.274079Z"}},"outputs":[{"name":"stdout","text":"\u001b[1m1/1\u001b[0m \u001b[32m━━━━━━━━━━━━━━━━━━━━\u001b[0m\u001b[37m\u001b[0m \u001b[1m0s\u001b[0m 438ms/step\n","output_type":"stream"}],"execution_count":31},{"cell_type":"code","source":"plt.figure(figsize=(12, 12))\n\nfor i in range(9):\n    plt.subplot(3, 3, i+1)\n    plt.imshow(images[i])\n    plt.axis('off')\n\n    true_class = class_names[true_labels[i]]\n    pred_class = class_names[pred_labels[i]]\n\n    color = \"green\" if true_class == pred_class else \"red\"\n\n    plt.title(f\"True: {true_class}\\nPred: {pred_class}\", color=color)\n\nplt.tight_layout()\nplt.show()\n","metadata":{"trusted":true,"execution":{"iopub.status.busy":"2026-07-16T12:20:41.104994Z","iopub.execute_input":"2026-07-16T12:20:41.105631Z","iopub.status.idle":"2026-07-16T12:20:42.143773Z","shell.execute_reply.started":"2026-07-16T12:20:41.105602Z","shell.execute_reply":"2026-07-16T12:20:42.142658Z"}},"outputs":[{"output_type":"display_data","data":{"text/plain":"<Figure size 1200x1200 with 9 Axes>","image/png":"\n"},"metadata":{}}],"execution_count":32}]}


