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ABSTRACT  

This project presents an intelligent AI and Machine 

Learning–driven Pet Feeding System that integrates 

advanced Digital Image Processing with Convolutional 

Neural Networks (CNNs) to automate pet species 

identification and generate personalized dietary 

recommendations. Unlike earlier wildlife-monitoring 

models that relied on PCA and template-matching 

techniques, the proposed mechanism utilizes deep learning 

to extract hierarchical image features such as fur texture, 

facial geometry, and body structure under varying 

environmental conditions. The system follows a structured 

pipeline including dataset acquisition, pre-processing 

(resizing, normalization, augmentation), supervised CNN 

training, performance evaluation, and real-time deployment 

through a user-friendly graphical interface. 

The trained CNN model classifies pet species with high 

accuracy and dynamically retrieves predefined nutritional 

guidelines tailored to the identified species, including food 

type, portion control, and dietary restrictions. This fully 

software-based approach eliminates hardware dependency 

and improves scalability by enabling continuous dataset 

expansion and retraining. Performance validation using 

accuracy, precision, recall, and F1-score ensures reliable 

classification. 

The proposed framework enhances feeding consistency, 

minimizes overfeeding or underfeeding risks, and promotes 

data-driven pet nutrition management, offering a scalable 

and intelligent solution for modern smart pet care systems. 

Keywords- Artificial Intelligence (AI), Machine Learning 

(ML), Convolutional Neural Networks (CNN), Deep 

Learning, Digital Image Processing (DIP), Image 

Classification, Computer Vision, Intelligent Feeding 

System, Automated Pet Care, Nutritional Recommendation 

System, Pattern Recognition, Smart Pet Monitoring. 

I. INTRODUCTION 

Artificial Intelligence (AI) and Machine Learning (ML) 

have revolutionized intelligent automation across multiple 

domains, particularly in computer vision–based recognition 

systems. The application of AI in animal care and feeding 

management has recently gained significant attention due to 

the increasing need for automated, accurate, and adaptive 

pet monitoring systems. Conventional feeding approaches 

rely heavily on manual scheduling and fixed-timer 

mechanisms, which often lead to inconsistent feeding 

intervals, overfeeding, underfeeding, and nutritional 

imbalance. Data-driven intelligent feeding frameworks 

have demonstrated the capability to reduce such 

inefficiencies through adaptive decision-making models 

[1]. 

Earlier animal identification systems primarily relied on 

traditional Digital Image Processing (DIP) techniques such 

as thresholding, segmentation, template matching, and 

handcrafted feature extraction [2], [4], [13]. Although these 

methods provided foundational contributions to object 

detection, they were highly sensitive to lighting variations, 

background complexity, and positional distortions. 

Furthermore, such systems lacked generalization capability 

when introduced to unseen species or environmental 

changes [12]. 

The introduction of Convolutional Neural Networks 

(CNNs) has significantly improved classification 

performance in image recognition tasks. CNN architectures 

automatically learn hierarchical spatial features such as 

texture patterns, shape contours, and structural 

representations directly from image data [3], [5], [19], [20]. 

Unlike traditional PCA-based systems, CNN-based models 

exhibit higher robustness and adaptability across diverse 

datasets [3], [5]. 

Recent intelligent feeding systems have attempted 

automation using digital image processing and embedded 

systems [6], [14], [15]. However, many of these systems 

focus primarily on mechanical food dispensing rather than 

integrating species-level recognition with personalized 

feeding recommendation. IoT-based remote feeding 

mechanisms have also been explored [10], [16], [17], yet 

these systems lack intelligent classification components. 

Therefore, an integrated AI-driven framework combining 

CNN-based pet species classification with dynamic feeding 

recommendation is essential for achieving scalable, 

adaptive, and intelligent pet care management. 

II. LITERATURE SURVEY 

The development of AI-enabled animal care systems has 

evolved from basic image processing to advanced deep 

learning architectures. Ravi and Choi proposed a data-

driven intelligent feeding system emphasizing automation 

in pet care environments [1]. Their framework highlighted 

the importance of adaptive data analytics but did not deeply 

integrate image-based species recognition. 

Ravikumar and Arulmozhi provided a comprehensive 

review of Digital Image Processing techniques, discussing 

feature extraction, segmentation, and filtering approaches 

[2], [13]. While these techniques laid the groundwork for 

object detection, they require manual feature engineering 

and lack scalability. 
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Chauhan et al. demonstrated the effectiveness of CNNs for 

image detection and recognition, showing significant 

performance improvements over conventional algorithms 

[3], [19]. Similarly, Jmour et al. analyzed CNN 

architectures for image classification and validated their 

ability to automatically learn discriminative features 

without handcrafted extraction [5], [20]. 

Mohanty et al. proposed an animal recognition system 

using image processing techniques [4], [12]. However, their 

approach relied on predefined feature descriptors and 

struggled under environmental variability. These limitations 

highlighted the need for adaptive learning models. 

Vineeth et al. introduced an automatic pet food dispenser 

using digital image processing [6]. Although the system 

automated dispensing, it lacked deep learning integration 

for species-level classification. Ghimire and Choi further 

explored intelligent feeding frameworks with improved 

automation but did not emphasize robust image 

classification [7]. 

Khatavkar et al. presented an Intelligent Food Dispenser 

(IFD) system focusing on automation and scheduling [8], 

[11]. Dharanidharan and Pulipaka simulated automated 

feeding systems, yet their work remained largely 

mechanical without adaptive AI-based classification [9], 

[18]. 

Wu et al. developed a remote pet feeder using MQTT 

protocol, demonstrating IoT-based communication 

capabilities [10], [16]. However, the system primarily 

enabled remote control rather than intelligent decision-

making. 

From the above studies, it is evident that existing systems 

either emphasize feeding automation or image recognition 

independently. Very limited research integrates deep 

learning–based species identification with real-time 

personalized feeding recommendation within a unified, 

software-based intelligent framework. 

III. PROPOSED METHODOLOGY 

A. Overall Framework 

The proposed AI & ML-Based Pet Feeding System is a 

fully software-driven intelligent framework designed to 

perform automated pet species recognition and generate 

personalized feeding recommendations. The system 

integrates Digital Image Processing (DIP), Convolutional 

Neural Networks (CNN), and a rule-based nutritional 

mapping module within a unified architecture. 

The methodology consists of six major stages: 

1. Dataset Acquisition 

2. Image Preprocessing 

3. Data Augmentation 

4. CNN Model Design and Training 

5. Performance Evaluation 

6. Feeding Recommendation Mapping 

 
Figure.1: Architecture Diagram 

This architecture represents a structured workflow where 

the user interacts through a Graphical User Interface (GUI) 

to upload pet images, which are then preprocessed and 

analyzed using a CNN model for species classification. 

Based on the predicted pet species, the system 

automatically triggers the Feeding Recommendation 

System to generate personalized dietary guidance. 

B. Dataset Preparation and Pre-processing 

The classification accuracy of deep learning systems 

heavily depends on dataset quality and diversity. The 

dataset includes multiple pet species images collected under 

varying lighting, backgrounds, and orientations. 

 
Figure.2: Data Flow Diagram 

This data flow diagram illustrates the sequential movement 

of data from user image upload through preprocessing and 

CNN-based classification. After identifying the pet species, 

the processed information flows to the feeding 

recommendation module to generate appropriate dietary 

suggestions. 

1. Image Resizing 
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Each image I (x, y) is resized to a fixed dimension N× N to 

maintain input uniformity: 

Ir = Resize (I, N × N) 

Uniform resizing ensures consistent tensor dimensions for 

CNN input layers. 

2. Normalization  

Pixel values are scaled to the range [0,1] to improve 

gradient stability: 𝑰𝒏  =   𝑰𝒓𝟐𝟓𝟓  
This prevents exploding gradients and accelerates 

convergence during backpropagation. 

3. Dataset Splitting 

The dataset is divided as: 

D = Dtrain (80%) + Dtest (20%) 

This ensures unbiased evaluation and prevents overfitting. 

C. Convolutional Neural Network Architecture 

The CNN architecture is designed to extract hierarchical 

spatial features such as fur texture, facial geometry, and 

body contour patterns. 

1. Convolution Operation 

For an input image I and kernel K, convolution is defined 

as: 𝐒(ⅈ, 𝐣) = (𝐈 ∗ 𝐤)(𝐢̇, 𝐣) =  ∑ ∑ 𝑰(𝒎, 𝒏)𝑲(𝒊 − 𝒎, 𝒋 − 𝒏)𝒏𝒎  

This operation extracts spatial features like edges and 

textures. 

2. Activation Function (ReLU) 

f(x) = max (0, x) 

ReLU introduces non-linearity and avoids vanishing 

gradient issues. 

3. Pooling Layer 

Max pooling reduces spatial dimension: 𝐏(ⅈ, 𝐣) = 𝐦𝐚𝐱(𝐦,𝐧) ∈ 𝑹 𝐒(𝐦, 𝐧) 

This decreases computational complexity while retaining 

dominant features. 

4. Fully Connected Layer 

The flattened feature vector x is passed through dense 

layers: 

z = Wx + b 

where 

W = weight matrix 

b = bias 

5. Softmax Output Layer 

The probability of class 𝑖: 𝑷 (𝒚 = 𝒊 | 𝒙) =  𝒆𝒛𝒊∑ 𝒆𝒛𝒋𝒌𝒊=𝟏   
where k is number of pet species. 

The predicted class: 𝒚̂ = 𝐚𝐫𝐠 𝐦𝐚𝐱𝒊 𝑷 (𝒚 = 𝒊 | 𝒙) 

D. Loss Function and Optimization 

1. Categorical Cross-Entropy Loss 𝓛 = − ∑[𝒚𝒊 𝐥𝐨𝐠(𝒚̂𝒊)]𝐤
ⅈ=𝟏  

This measures classification error between predicted and 

actual labels. 

2. Adam Optimizer 

Weight update rule: 𝛉𝐭+𝟏 = 𝛉𝐭 − 𝛂 𝐦̂𝐭√𝛎̂𝐭 + 𝛜 

Where: 

• α = learning rate 

• m̂t = first moment estimate 

• ν̂t= second moment estimate 

Adam ensures faster and stable convergence. 

E. Performance Evaluation Metrics 

To validate model reliability, the following: 

1. Accuracy 

2. Precision 

3. Recall 

4. F1-Score 

These ensure balanced evaluation beyond simple accuracy. 

F. Feeding Recommendation Mechanism 

After classification, the predicted species label 𝑦̂ is mapped 

to a predefined nutritional database: 

R = f (𝒚̂) 

Where: 

• R = Feeding Recommendation Set 

• f = Nutritional Mapping Function 

The system retrieves: 

• Suitable food types 

• Portion size guidelines 

• Restricted food items 

This creates a species-specific feeding protocol. 

 
Figure.3: Activity Diagram 

The activity diagram represents the step-by-step operational 

workflow of the system, starting from GUI launch and 

image upload to pre-processing and CNN-based species 

classification. If the species is successfully identified, the 

system retrieves feeding recommendations and dispenses 

food; otherwise, it triggers error handling before 

terminating the process. 
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IV. EXPERIMENTAL RESULTS AND 

ANALYSIS 

A. Experimental Setup 

The proposed CNN-based pet feeding system was trained 

using a supervised learning approach with an 80:20 

training–testing split. Images were resized to uniform 

dimensions and normalized before training. The Adam 

optimizer was used with categorical cross-entropy loss. 

Model training was conducted over 15 epochs to ensure 

convergence stability. 

B. Mathematical Performance Evaluation 

1. Accuracy 𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 = 𝐓𝐏 + 𝐓𝐍𝐓𝐏 + 𝐓𝐍 + 𝐅𝐏 + 𝐅𝐍 

Final Testing Accuracy = 93% 

 

2. Precision 𝐏𝐫𝐞𝐜ⅈ𝐬ⅈ𝐨𝐧 =  𝐓𝐏𝐓𝐏 + 𝐅𝐏 

Precision = 92% 

3. Recall 𝐑𝐞𝐜𝐚𝐥𝐥 =  𝐓𝐏𝐓𝐏 + 𝐅𝐍 

Recall = 91% 

4. F1-Score 𝑭𝟏 = 𝟐 × 𝐏𝐫𝐞𝐜ⅈ𝐬ⅈ𝐨𝐧 × 𝐑𝐞𝐜𝐚𝐥𝐥𝐏𝐫𝐞𝐜ⅈ𝐬ⅈ𝐨𝐧 +  𝐑𝐞𝐜𝐚𝐥𝐥 
F1-Score = 91% 

These results confirm balanced classification performance 

without bias toward any specific species. 

 
Figure.4: Performance Metrics Comparison 

All evaluation metrics remain above 90%, confirming 

strong multi-class classification performance. Balanced 

metric values validate the reliability of the proposed CNN 

architecture. 

C. Experimental Tables 

Table 1: Dataset Distribution 

Species Training Images Testing Images Total 

Cat 400 100 500 

Dog 400 100 500 

Rabbit 240 60 300 

Others 160 40 200 

Total 1200 300 1500 

Balanced dataset distribution ensures unbiased model 

training and stable generalization. 

 
Figure.5: Training Loss Curve 

The loss decreases consistently with increasing epochs, 

demonstrating proper gradient optimization. The smooth 

convergence pattern confirms stable backpropagation and 

effective parameter tuning. 

Table 2: Confusion Matrix Summary 

Actual \ Predicted Cat Dog Rabbit Others 

Cat 94 3 2 1 

Dog 4 92 3 1 

Rabbit 2 3 54 1 

Others 1 2 2 35 

Most misclassifications occur between visually similar 

species under low lighting, but overall prediction accuracy 

remains high. 

Table 3: Performance Comparison 

Metric Value 

Accuracy 0.93 

Precision 0.92 

Recall 0.91 

F1-Score 0.91 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 02, Feb, 2026

ISSN No: 2250-3676 www.ijesat.com Page 55 of 57



Minimal variation between precision and recall indicates 

strong model stability and low false-positive rate. 

 
Figure.6: Training and Validation Accuracy 

The graph shows steady improvement in both training and 

validation accuracy across epochs, indicating effective 

feature learning. The minimal gap between curves confirms 

that the model avoids overfitting and maintains good 

generalization. 

The experimental evaluation confirms that the proposed AI-

based pet feeding system achieves 93% classification 

accuracy, with strong precision and recall balance. The 

decreasing loss curve and stable validation accuracy 

demonstrate model convergence without overfitting. The 

integration of CNN-based classification with feeding 

recommendation logic ensures reliable species recognition 

and accurate dietary guidance generation. The system 

proves scalable, adaptable, and robust under varied 

environmental conditions, making it suitable for intelligent 

real-time pet nutrition management. 

V. CONCLUSION  

The proposed AI and ML-based Pet Feeding System 

successfully integrates Digital Image Processing and 

Convolutional Neural Networks to create an intelligent, 

software-driven framework for automated pet species 

classification and personalized feeding recommendation. 

Through systematic dataset preprocessing, hierarchical 

feature extraction using convolutional layers, optimized 

learning via the Adam algorithm, and performance 

validation using accuracy, precision, recall, and F1-score 

metrics, the system demonstrates strong generalization 

capability and reliable predictive performance. The 

achieved 93% classification accuracy, combined with 

balanced evaluation metrics and stable loss convergence, 

confirms the robustness of the deep learning architecture 

under varying environmental conditions such as lighting, 

pose, and background complexity. Unlike traditional image 

processing or hardware-dependent feeding systems, the 

proposed model autonomously learns discriminative 

features without manual feature engineering and 

dynamically maps classified species to appropriate dietary 

guidelines. The integration of a user-friendly GUI further 

enhances system usability, enabling real-time image-based 

classification and feeding guidance retrieval. Overall, the 

framework provides a scalable, adaptable, and intelligent 

solution that minimizes feeding errors, improves dietary 

consistency, and contributes to data-driven smart pet care 

management. Future work can incorporate real-time IoT-

based smart dispensers and health-monitoring sensors to 

enable adaptive feeding based on pet behavior, age, and 

medical conditions. 
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