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Abstract— Deep learning has become popular these days for the image classification. In this
paper, the most common dataset of images of dogs and cats have been analysed and
implemented as there are very fewer known works for it. 2D CNN of deep learning has been
implemented for image classification. A high performance of an accuracy of 94.8%, precision
and recall of 95% with F1-score of 95% and MCC of 0.89 is obtained.
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1. INTRODUCTION

Deep learning models have shown a promising performance in the healthcare field. These models have the
potential to select high level features from the input data with the help of several hidden layers. Among the deep
learning models, CNNs are commonly used to process the clinical images (Ajit et al., 2020).

The cats and dogs dataset is obtained from Kaggle having 12500 images of cats and dogs, in total of 25000
images (Kaggle, 2013). Since the number for cats and dogs are same, it is a balanced classification problem,
hence accuracy is used as a performance metric for the CNN model. The test data contains 12500 test records
without any label for the images. The CNN model is trained on the training dataset and evaluated on the
validation data and labels are predicted for the test data (Niu et al., 2019).

A. CNN model
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Figure 1. CNN model used in this research
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CNN has the advantage of extracting features automatically through convolution and pooling compared to other
discussed machine learning techniques, hence no need to extract features manually (Burger et al., 2020; Ajitesh
Kumar, 2023; datacamp, 2024). The final CNN model used in this experiment for ECG images dataset shown in
Figure 1 consists of 4 convolutional layers and 4 pooling layers. The convolution kernel of each convolution
layer has same size of 3x3 and different numbers of 32, 64, 128 and 256 for different convolution layers. The
size of the pooling layer is 2x2. The output from the convolutional layers is connected to a fully connected layer
having 128 neurons. ReLU is used as the activation function for this fully connected layer. The output layer
having 2 neurons and softmax as the activation function generates the final output as cats or dogs. The total
number of parameters for this model is 5110017.

B. Experiment settings

CNNs are complex because of depth and parameters, it can be seen from Figure 5.3 that a huge number of
trainable parameters is there for cats and dogs dataset, hence it requires GPU to accelerate training of CNN. On
the windows 10 laptop of CPU with RAM 16GB, CNN implementation for this dataset was not working, hence
GPU was required for it. The LIMU VPN “Big-IP Edge Client” was installed on the laptop and LIMU GPU
“sad.cms.livjm.ac.uk” was enabled which was taking around 40-50 minutes for implementing CNN code.
Different experiments have been conducted to obtain the best value for different layers of CNN in Python,
programming language. OpenCV is used to work with images and CNN is implemented with TensorFlow. For
training CNN, the training epoch is kept at 15 at start and varied later with a batch size of 32 with the
performance metric as accuracy.

II. RESULTS

The loss and accuracy have been evaluated during training with different parameter settings for cats and dogs
dataset. Figure 2 shows the changes in loss and accuracy for training and validation dataset for the best case. The
validation accuracy in Figure 3. shows great fluctuation since only 5000 images have been used for validation. It
can be seen from Figure 5.4b that validation accuracy was 83% for 5th epoch which has increased to 94% at 30th
epoch. There is not much difference between training and validation accuracy. Figure 2 shows the loss has
reduced more for 30 epochs compared to 5 epochs.
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Figure 2. The change of loss for cats and dogs dataset. Figure 3. The change of accuracy for cats and dogs dataset.

The accuracy for the cats and dogs dataset was around 75% using 3 convolution layers and 3 pooling layers
using 30 epochs. The CNN was trained for 5 epochs till 50 epochs. The best result is provided by 30 epochs. The
best accuracy obtained by this model 94.8%.

Figure 4. shows the classification report and the confusion matrix for the best obtained CNN model for cats and
dogs dataset. It can be seen that the precision and recall for identifying the cats and dogs are almost equal around
95% for this model. The confusion matrix in Figure 4b shows that FP cases are 113 and FN cases are 152, and
total 4735 (2415+2320) images have been predicted correctly giving accuracy of 94%. The best hyper-tuned
model achieved an MCC score of 0.89, indicating accurate predictions.

Precision | Recall | Fl-score | Support
Class 0 0.94 0.96 0.95 2528
Class 1 0.95 0.94 0.95 2472
Weighted | 0.95 0.95 0.95 5000
avg

Figure 4 (a) Classification Report
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Figure 4 (b) Confusion matrix for cats and dogs dataset

The trained model is applied to the test data to predict the labels of the test samples. Fig. 5 displays the predicted
labels for several images from the test data. It is evident that the best hyper-tuned model accurately identifies
images compared to other models. Figs. 5a and 5c show the identification of test images by the initial CNN
model, whereas Figs. 5b and 5d show the identification by the best hyper-tuned CNN model. It can be observed
from Figs. 5a and 5c that the initial CNN model failed to correctly recognise the dog and cat images, which were
accurately classified by the best model, as shown in Figs. 5b and 5d.
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Figure 5 a, ¢) Predicted label from initial CNN model b, d) Predicted label from best hyper tuned CNN model.
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Table 1 compares the results obtained from our research on the cat and dog dataset with those from other
published works on the same dataset. It is evident from the table that our work includes various performance
metrics for this simpler dataset. The study (Chen, 2020) utilised ResNet for identifying cat and dog images;
however, its accuracy is lower than that of our model. Our implemented model has yielded better results
compared to other published works.

TABLE I. COMPARISON OF THE OBTAINED RESULT WITH OTHER REFERENCE WORKS FOR CAT AND DOG DATASET

Reference Work Accuracy Precision Recall F1 score MCC
(Tushar Jajodia and Pankaj | 90.1% Not Not Not Not
Garg. 2014) mentioned | mentioned | mentioned mentioned
(Chen. 2020) 92% Not Not Not Not
mentioned | mentioned | mentioned mentioned
Our work 94.8% 95% 95% 95% 0.89

III. CONCLUSION

In this research paper, a 2D CNN has been developed and implemented for the image classification of cats and
dogs dataset. Not only accuracy, but different performance metrics have also been obtained. This research has
obtained a high performance of an accuracy of 94.8%, precision and recall of 95% with F1-score of 95% and
MCC of 0.89 is obtained.
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