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Abstract: Facial expression recognition through CNN in real-time is a deep learning technique that is intended to 

recognize and classify facial emotions instantly. The accurate recognition, though, is difficult to attain because 

of factors such as changes in lighting, occlusions, and prominent facial features. Furthermore, high 

computational requirements create problems, particularly for resource-constrained devices. It is essential to 

balance accuracy with efficiency for maximum performance. In response to these issues, the suggested system 

includes PCA for dimension reduction and Bayesian optimization for model adjustment. PCA boosts 

computational efficiency through data dimensions reduction, while Bayesian optimization tunes 

hyperparameters to increase accuracy. The system surpasses current models through increased precision, 

reduced processing time, and minimized computational complexity, ultimately providing an efficient real-

time facial expression recognition solution. 

1 INTRODUCTION 

Facial expression recognition (FER) is an important 

area of human-computer interaction, enabling 

machines to recognize and react to human feelings. 

Real-time FER with the help of Convolution Neural 

Networks (CNNs) has become popular because it can 

automatically detect and classify facial expressions 

with minimal intervention. Yet, high accuracy in real-

time applications still a challenging task because of 

facial expression variations, lighting, occlusions, and 

personal facial variations. Additionally, the high 

computational complexity of CNN models 

complicates the achievement of an optimal balance 

between processing time and accuracy, especially on 

low-resource devices. 

A better real-time FER system that is intended to 

enhance accuracy as well as efficiency is introduced 

in this research as a solution to these challenges. The 

suggested method utilizes Principal Component 

Analysis (PCA) for reducing the dimensionality of 

features, minimizing computational complexity while 

preserving important facial expression features. For 

hyperparameter adjustment, Bayesian optimization is 

also utilized, allowing optimal CNN configurations to 

be chosen in order to enhance model performance. 

These techniques together allow the system to perform 

more effectively in real-time applications (N.-H. Chang 

et al., 2019).  

The suggested system surpasses the current 

models both in recognition precision and computation 

efficiency using PCA and Bayesian optimization. It is 

ideal for real-time emotion recognition in many 

applications, such as human-computer interaction, 

surveillance, and healthcare, since it conserves 

processing time while still achieving good 

classification accuracy. This work highlights the 

suitability of deep learning-driven solutions in 

promoting FER technology while overcoming issues 

related to the limitations of real-time processing 

2 RESEARCH METHODOLOGY 

2.1 Research Area 

The Field Domain with CNN, the objective of the 

field of Real-Time Facial Expression Recognition 

(FER) is to develop deep models that are capable of 

fast and accurate real-time facial expression 
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recognition. The study enhances healthcare 

applications, surveillance, and human-computer 

interaction applications by fusing computer vision 

and artificial intelligence. Overcoming challenges 

such as lighting changes, occlusions, and differences 

between faces with high accuracy and computation 

speed is one of the biggest challenges in real-time 

FER. Although CNNs are superior in automatically 

extracting and classifying facial features, their high 

computations limit them for use in devices with 

limited power resources. This research employs 

Principal Component Analysis (PCA) to minimize 

feature dimensionality and Bayesian optimization to 

optimize hyperparameters to address these issues. 

The system becomes more effective for application in 

real-world scenarios due to these techniques’ faster 

processing speed, reduced computational burden, and 

improved recognition accuracy. 

2.2 Literature Review 

Facial Expression Recognition (FER) has received 

intensive and there are several researchers who used 

deep models of learning, i.e., Convolution Neural 

Network (CNNs), to attain higher recognition rates in 

facial expression recognition (FER). The earlier FER 

methods that  relied on hand-crafted feature 

extraction algorithms like Local Binary Patterns 

(LBP) and Histogram of Orientend Gradients (HOG) 

generally struggled with variations in lighting, 

occlusions, and individual facial differences.CNNs 

have greatly enhanced FER through self-extraction of  

hierarchical features from face images, reducing 

dependence on hand-engineered feature engineering. 

Despite their success, CNN-based FER systems still 

suffer from drawbacks, particularly computational 

complexity and real-time computation, such that they 

are less suited for deployment on resource-limited 

devices. 

Recent studies have highlighted the optimization 

of CNN models and feature reduction techniques to 

enhance efficiency to bridge these gaps. Various 

dimension reduction techniques, including Principal 

Component Analysis (PCA) and Linear Discriminant 

Analysis (LDA), have been employed to preserve 

essential facial expression features while diminishe 

Computation costs. PCA has proved to be particularly 

valuable in eliminating redundant data, hence 

facilitating real-time processing of data. Further, 

techniques such as Genetic Algorithms and Bayesian 

optimization have been applied to optimize 

hyperparameters so that CNN models are more 

precise but utilizes less computational power. These 

Optimization methods enable FER systems to be 

utilized in actual circumstances by making certain 

that the maximum trade-off between recognition 

performance and processing complexity is achieved.   

3 EXISTING SYSTEM 

Facial Expression Recognition (FER) systems today 

are based on deep learning techniques Convolutional 

Neural Networks (CNNs), employed for automated 

face feature extraction and classification, form the 

basis of the current facial expression recognition 

(FER) systems. CNNs have produced much better 

recognition performance compared to traditional 

approaches such as the Histogram of Oriented 

Gradients (HOG) and Local Binary Patterns (LBP). 

Nonetheless, the general performance of current 

CNN-based FER models is hindered by problems 

such as occlusion, facial structure variations, and light 

sensitivity to changes. Real-time processing is also 

challenging because CNNs are computationally 

intensive, particularly on hardware with limited 

resources. Most FER systems depend on high-end 

computing or cloud processing, making them less 

viable for real-time use in environments with limited 

resources. While other models combine data 

augmentation and transfer learning to enhance 

accuracy, they are usually not able to find an optimal 

balance between speed and precision. These 

challenges highlight the need for better FER systems 

with high recognition accuracy in real-time 

applications. 

Two Limitations of the Current System: 

Vulnerability to Lighting Changes and Obstructions 

CNN-based facial expression recognition (FER) 

systems face difficulties when dealing with varying 

lighting conditions, shadows, and obstructions such 

as glasses, masks, or facial hair. These challenges can 

negatively impact the system’s ability to accurately 

extract and classify facial features, resulting in 

misidentifications. Consequently, the system's 

reliability decreases in diverse real-world settings. 

High Processing Power Demand 

Real-time FER models built on CNNs require 

significant computational resources, making them 

impractical for devices with limited processing 

capabilities. The substantial computational load 

slows down inference speed, limiting deployment 

possibilities on mobile or edge devices without cloud-

based infrastructure. This drawback hinders 

accessibility and scalability for widespread 

applications. 

ICRDICCT‘25 2025 - INTERNATIONAL CONFERENCE ON RESEARCH AND DEVELOPMENT IN INFORMATION,
COMMUNICATION, AND COMPUTING TECHNOLOGIES

606



4 PROPOSED SYSTEM 

The proposed system overcomes the challenges of 

traditional CNN-based facial expression recognition 

(FER) by employing statistical regression techniques 

to enhance accuracy and computational performance, 

the suggested system is able to overcome the 

challenges of standard CNN-based facial expression 

recognition (FER). Changes in lighting, occlusion, 

and high processing requirements are all typical 

issues for standard CNN models. To overcome these 

issues, more accurate relationships between facial 

expressions and emotions are created with techniques 

such as linear regression, logistic regression, and 

ridge regression. The system efficiently suppresses 

noise, simplifies distinguishing facial expressions, 

and becomes more robust to external influences such 

as shadows and obstructions through regression’s 

contribution to reducing dimensionality, processing 

speed and computational complexity are minimized. 

Owing to this optimization, real-time FER can now 

be efficiently applied in limited-resource 

environments and can be integrated on edge devices 

without sacrificing performance. Regression is 

blended with deep learning to come up with an 

optimally well-balanced strategy that achieves its best 

recognition performance, processing throughput, and 

usage of hardware resources.  

Through the application of statistical regression 

methods such as linear regression, and ridge 

regression, the new facial expression recognition 

accuracy is enhanced by the system considerably. 

These methods improve feature selection, denoise, 

and make the system operate more effectively to 

combat such issues as unstable light conditions, 

shadows, and occlusion. This results in a system that 

offers more accurate emotion recognition under 

diverse real-world conditions.  

Faster processing and real-time execution are 

facilitated by regression-based dimensionality 

reduction, which simplifies computing. Regression-

based dimensionality reduction, unlike traditional 

CNN-based approaches, accelerates processing and 

facilitates real-time execution. Our approach 

enhances feature extraction and classification, 

making it suitable for deployment on resource-

constrained devices, including smartphones and edge 

computing platforms, without compromising 

recognition speed or accuracy. This is different from 

traditional CNN-based models, which need a lot of 

processing power. 

4.1 Architecture 

Deep hierarchical facial expression features are 

subsequently captured through a CNN-based feature 

extraction technique. Principal Component Analysis  

(PCA) is applied to diminish dimensionality without 

losing vital features for the purpose of controlling 

computational complexity. Removal of redundant 

information. Furthermore, statistical regression are 

applied in an effort to improve feature selection, 

eliminate noise, and form reliable relationships 

between facial features and emotions. Bayesian 

optimization is also used to adjust CNN 

hyperparameters to get the best possible compromise 

between recognition speed and accuracy. In the last 

phase, for classifying expressions, a hybrid model 

combining deep learning and regression-based 

approaches is deployed. Real-time application on low-

resource devices like mobile platforms and edge 

computing platforms is enabled by this technique, 

which also reduces processing time enormously, 

enhances resistance to environmental effects like 

shadows and occlusions, and enhances environmental 

robustness. Figure 1 shows the Architecture diagram. 

 

Figure 1: Architecture diagram. 

5 RESULT 

The following images (figure 2) are the output 

obtained as the real-time facial expression recognition 

based on CNN. 
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Figure 2: Results Obtained. 

6 CONCLUSIONS 

The standard convolutional neural network real-time 

facial expression recognition errors can be minimized 

through the use of this paper’s average weighting 

scheme. Environmental noise can be minimized 

through the use of a high frame rate camera. The 

average weighting scheme also enhances facial 

expression recognition robustness between frames, 

leading to better accuracy. Experimental results 

indicate that the proposed facial expression 

recognition system is more dependable than the 

standard CNN method. 
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