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Abstract: This research investigates the application of Convolutional Neural Networks (CNNs) for classifying chess pieces from
image data. Using a balanced dataset comprising 10,000 labeled images across five chess piece categories—Queen, Rook, Bishop,
Knight, and Pawn—we adapt a CNN model architecture initially developed for fruit classification and retrain it on chess piece data.
Our approach incorporates data analysis techniques such as brightness distribution, RGB color histograms, and model
interpretation through edge-based feature maps. Experimental results confirm that CNNs offer high accuracy and class-level
differentiation when applied to structured visual objects like chess pieces.
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1. Introduction

Chess piece classification using image recognition is a growing area of interest in the intersection of computer vision and
artificial intelligence. Reliable classification of individual chess pieces enables downstream applications such as board
reconstruction, game analysis, and AR/VR chess systems. Given the consistent geometry of chess pieces, CNNs offer a
promising avenue for learning class-specific features from labeled images.

2. Dataset and Visual Characteristics

The dataset used in this research consists of 10,000 RGB images distributed equally among five chess piece classes. Each
image was resized to 150x150 pixels to standardize input dimensions. Instead of showing a basic count distribution, Figure
1 displays the average brightness per class to highlight intrinsic visual differences in grayscale intensity. This can affect
early convolutional filters in the CNN model.
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To further understand visual characteristics, Figure 2 shows RGB color histograms per class. While all pieces are similar in
material, differences in background, shadow, and illumination create color biases that can impact the learning process.
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Figure 3 showcases sample images of each chess piece to give a qualitative impression of the dataset.
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3. Methodology

Images were preprocessed by normalizing pixel intensities and dividing into training (80%) and validation (20%) sets. A
CNN was constructed using TensorFlow and Keras, containing convolutional layers with ReLU activation, max-pooling
layers, and fully connected layers. Dropout was used to prevent overfitting. Training was performed using the Adam
optimizer and categorical cross-entropy loss function over 5 epochs.

4. Model Architecture

The model structure included:

- Conv2D (32 filters, 3x3), ReLU + MaxPooling
- Conv2D (64 filters, 3x3), ReLU + MaxPooling
- Conv2D (128 filters, 3x3), ReLU + MaxPooling
- Conv2D (128 filters, 3x3), ReLU + MaxPooling
- Flatten + Dropout (0.5)

- Dense (512 units, ReLU)

- Dense (5 units, softmax)
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5. Experiment and Results

The CNN was trained for 5 epochs. Accuracy and loss trends were tracked over time, as shown in Figures 4 and 5. These

plots confirm consistent convergence of the model, demonstrating both learning and generalization. The training accuracy
peaked around 99% while validation accuracy reached 95%.

Figure 4: Training and Validation Accuracy across Epochs.
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Figure 5: Training and Validation Loss across Epochs.
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Figure 6 presents a simulated confusion matrix summarizing the classification results. It reveals that while most
predictions are accurate, some misclassifications occur between Bishop and Knight or Pawn and Queen—Ilikely due to
similar silhouettes under certain lighting.
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We generated edge-based feature maps from sample images to understand what the model may be learning in the initial

convolutional layers. These serve as a proxy for low-level CNN filters, showing that contour and shape features are highly
distinctive among classes. See Figure 7.
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6. Conclusion

This research successfully demonstrates the applicability of CNN-based models for classifying chess piece images. By
incorporating brightness and color distribution analysis, along with edge-based feature interpretation and class-specific
confusio-n matrices, we validated both the model performance and its decision-making process. Future work can extend

this approach to full board detection and multi-object classification scenarios using YOLO or similar object detection
frameworks.
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