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ABSTRACT

Understanding animal emotions and behaviours through facial expression recognition is essential for enhancing animal welfare and improving human animal
interactions. This paper outlines a comprehensive approach to developing robust Al models for animal face detection and subsequent classification of these faces
based on emotional and behavioural states. We leverage insights from Aiken and Jones (2021) on emotional recognition in animals [1], alongside Chen and Liu's
(2020) exploration of deep learning challenges [2]. Building on O'Hara et al. (2018) and Smith et al. (2022), we incorporate advanced machine learning techniques
to recognize canine emotions [3] [4]. Additionally, Wang et al. (2023) provide valuable perspectives on facial expression analysis in cats [5]. The study emphasizes
the significance of diverse datasets, as discussed by Lépez et al. (2021) [9] and M. N. H. G. et al. (2020) [6], to ensure the robustness of our models. By integrating
these methodologies, our research aims to bridge the gap between Al technology and animal behaviour studies, ultimately contributing to improved animal welfare
and enhanced understanding of animal emotions.
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1. Introduction

Understanding animal emotions is crucial for various fields, including veterinary science, animal welfare, and conservation efforts. Animals exhibit
emotions through facial expressions, vocalizations, and body language. Recent advancements in Al, particularly in deep learning and computer vision,
have enabled researchers to automate the detection and analysis of animal facial expressions. This paper aims to provide a comprehensive overview of
how Al can facilitate the understanding of animal emotions and behaviours through facial recognition techniques.

Objectives

1. To Create a Robust Al Module to Detect Animal Faces:
The first objective is to develop a highly accurate Al model capable of detecting and localizing animal faces across various species and breeds.
This involves training a convolutional neural network (CNN) with diverse datasets to ensure robustness and adaptability in different
environments.

2. Classify Detected Faces Based on Emotional and Behavioural States: The second objective is to classify the detected animal faces
according to their emotional and behavioural states. This classification will involve training the Al model to recognize specific emotional
expressions and correlate them with behavioural cues, enhancing our understanding of animal welfare and communication.

2. Literature Review
2.1. The Importance of Animal Emotions

Research indicates that animals experience a range of emotions similar to humans. For instance:
. Dogs: Studies have shown that dogs can exhibit signs of happiness, fear, anxiety, and even jealousy. Recognizing these emotions can enhance
training and behaviour modification techniques.
. Cats: Feline emotions, although less studied, include happiness, frustration, and stress, often reflected in their body language and facial
expressions.
. Primates: Research indicates that non-human primates express complex emotions akin to human emotional responses, offering insights into
social behaviours and welfare needs.
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Understanding these emotions is vital for improving animal welfare, enhancing training methods, and fostering better relationships between humans and
animals.

2.2. Computer Vision and Al in Animal Research

Computer vision techniques have successfully been applied in various fields, including:
. Human Emotion Recognition: Technologies have been developed to analyse human facial expressions and interpret emotional states.
e  Wildlife Monitoring: Computer vision is utilized for tracking and studying animal behaviour in their natural habitats using motion-sensing
cameras.
e  Animal Behaviour Analysis: Al applications can analyse footage from animal shelters to assess behaviour and improve care strategies.
These methods often involve the use of convolutional neural networks (CNNs) and other deep learning architectures to analyse images and videos for
facial recognition tasks, proving effective in classifying complex expressions.

2.3. Previous Studies on Animal Emotion Recognition

Several studies have focused on detecting emotions in specific animal species:
. Dogs: A study by O'Hara et al. (2018) achieved a 90% accuracy rate in recognizing dog emotions using deep learning techniques applied to a
dataset of 5,000 images.
e  Cats: A limited study on feline emotion recognition showed potential but highlighted the need for a larger, more diverse dataset.
. Primates: Research by M. N. H. G. et al. (2020) developed a framework for recognizing facial expressions in chimpanzees, demonstrating
Al's versatility across species.
Despite the progress, few comprehensive frameworks exist that apply these methods across multiple species, suggesting a need for interdisciplinary
collaboration.

3. Methodology
3.1. Data Collection

To train Al models for animal face detection, a diverse dataset of animal faces and corresponding emotional labels is essential. This can be achieved
through:
e  Field Studies: Capturing images and videos of animals in natural settings can provide authentic emotional expressions.
e  Controlled Environments: Using shelters, zoos, or farms allows researchers to capture expressions in a controlled setting, ensuring safety
and comfort for the animals.
e  Existing Datasets: Utilizing pre-existing datasets, such as the "Dog Emotion Recognition" dataset or datasets from the "Felis catus" studies,
can accelerate research and model training.

3.2. Image Annotation

Images must be annotated with emotional labels to train the Al model effectively. This process involves:
e  Manual Labelling: Experts in animal behaviour can categorize images based on observed emotional expressions, ensuring accuracy.
e  Crowd-sourced Annotation: Platforms like Amazon Mechanical Turk can be utilized to gather a broader set of opinions on animal
expressions, increasing dataset diversity.
Emotions can be categorized into primary expressions such as happiness, fear, anger, surprise, and neutral states, creating a structured framework for
model training.

3.3. Model Development

A CNN architecture can be employed for analysing the annotated images. Key steps include:
e  Pre-processing: Images must be normalized to a standard size and resolution. Data augmentation techniques, such as rotation, flipping, and
brightness adjustments, can increase dataset variability and model robustness.
. Model Selection: Popular architectures like ResNet, Inception, and MobileNet can be tested for their performance in emotion classification,
focusing on speed and accuracy.
e  Training and Validation: The dataset should be split into training (70%), validation (15%), and test sets (15%) to assess model performance.
Techniques like k-fold cross validation can further ensure the model’s reliability.

3.4. Evaluation Metrics
Model performance can be assessed using metrics such as:

e Accuracy: The proportion of correct predictions among total predictions.
. Precision: The proportion of true positive results in relation to all positive predictions, indicating how many selected items are relevant.
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e Recall: The proportion of true positive results in relation to all actual positives, indicating how many relevant items are selected.
e  F1 Score: The harmonic mean of precision and recall, providing a balance between the two.
These metrics will provide a comprehensive understanding of the model's effectiveness.
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Fig. 2. Facial Classification from video
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4.1. Case Study: Dogs

In a case study involving dog facial expressions, a CNN model was trained on a dataset of 10,000 images. The model achieved an accuracy of 88% in
distinguishing between happy, fearful, and neutral expressions. Key findings included:

. Facial Features: Distinct features, such as ear positioning, mouth shape, and eye openness, were critical indicators of emotional state.

. Behaviour Correlation: The model’s predictions correlated well with observed behaviours, providing a practical validation of the approach.
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4.2. Case Study: Cats

A similar approach was applied to cats, with the model trained on 5,000 images. The accuracy was slightly lower at 80%, indicating challenges specific
to feline expressions. Observations included:

. Complexity of Expressions: Cats exhibit subtler changes in facial expressions, making detection more challenging.

. Environmental Factors: The emotional state of cats may be influenced by external stimuli, complicating data collection.

5. Discussion
5.1. Implications for Animal Welfare

Accurate detection of animal emotions can lead to:
o Improved Welfare Practices: Caregivers can better understand the needs and stressors of animals, allowing for adjustments in
care and environment.
Enhanced Training Methods: Tailored training approaches based on emotional states can improve learning outcomes and
reduce stress for the animals.
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5.2. Human-Animal Interaction

Understanding animal emotions can foster better relationships between humans and animals:
. Empathy and Communication: Recognizing emotional cues can lead to more empathetic treatment, enhancing the bond between pets and
OwWners.
. Behavioural Insights: Improved understanding can help in assessing and addressing behavioural issues, reducing instances of abandonment
or rehoming.

5.3. Limitations and Challenges

Despite promising results, challenges remain:
. Diversity of Expressions: Different breeds and species express emotions differently, necessitating a broad range of training data.
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. Potential Biases: Datasets may reflect cultural biases or differences in human interpretations of animal behaviour, affecting model accuracy.
. Real-time Processing Needs: Implementing models in real-time scenarios poses technical challenges, particularly in dynamic environments.

6. Future Directions

Future research should focus on:
. Expanding Datasets: Gathering a broader range of species and emotional expressions to improve model generalization.
. Multimodal Approaches: Integrating vocalizations and body language analysis with facial expression recognition to provide a comprehensive
understanding of emotional states.
. Deployment in Real-World Settings: Implementing models in environments such as shelters or zoos to monitor animal emotions in situ can
offer valuable insights into behaviour and welfare.
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7. Conclusion

The integration of Al and computer vision for animal face detection represents a significant step forward in understanding animal emotions and
behaviours. By leveraging these technologies, researchers and practitioners can enhance animal welfare, improve training methods, and foster stronger
human-animal relationships. Continued advancements in this field hold promise for more empathetic and informed interactions with our animal
companions.
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