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Abstract: The Vision-Based Customer Behavior Analysis System is an AI-driven retail analytics solution designed to understand 

customer emotions and engagement levels using computer vision and machine learning techniques. The system integrates facial 

recognition, body posture analysis, gestures, movement patterns, head orientation, and product interaction time to analyze customer 

behavior and identify emotional states such as interest, confusion, excitement, hesitation, and disengagement. Unlike traditional 

systems that rely only on transactional data, the proposed system provides deeper insights through visual and behavioral cues. In 

addition to in-store monitoring, the system incorporates an online purchasing application that allows customers to browse products, 

place orders, and provide feedback. Customer emotions are further analyzed using order trends and sentiment analysis, where 

variations in purchasing behavior indicate emotional responses. The system generates visual analytics, heatmaps, and reports to assist 

store managers in improving product placement, enhancing customer experience, and supporting data-driven decision-making. 
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1. Introduction 
 

In the modern retail environment, understanding customer 

emotions and engagement plays a crucial role in improving 

business performance and customer experience. Retail 

systems are often limited to transactional data, which does 

not provide complete insights into customer behavior. The 

lack of real-time emotion and engagement analysis can lead 

to ineffective product placement, poor customer satisfaction, 

and missed business opportunities. Traditional methods rely 

heavily on manual observation and feedback, which are 

time-consuming and may not accurately capture customer 

intent and behavior. 

 

The Vision-Based Customer Behavior Analysis System 

is designed to address these challenges by providing 

an intelligent solution that automates customer behavior 

analysis. The system integrates multiple modules including 

facial recognition for emotion detection, body posture and 

gesture analysis for behavioral understanding, and machine 

learning techniques for engagement classification. By 

analyzing facial expressions, movement patterns, interaction 

time, and customer actions, the system can identify 

emotional states and provide valuable insights to support 

decision-making in retail environments. 

 

In addition to improving customer behavior analysis, 

the system contributes to creating a more efficient and 

data-driven retail ecosystem. By integrating computer vision 

and artificial intelligence technologies with retail systems, 

store managers can monitor customer interactions, detect 

patterns, and access real-time analytics through a centralized 

platform. Such intelligent systems help enhance customer 

satisfaction, optimize store layouts, and improve overall 

business strategies by enabling better understanding of 

customer needs and preferences. 

 

2. Related Works 
 

Recent research has increasingly focused on integrating 

artificial intelligence and computer vision technologies to 

improve customer behavior analysis and retail analytics 

systems. Zhang et al. (2025) proposed an AI-driven retail 

intelligence system that combines facial recognition and 

behavioral analysis techniques to enhance customer 

engagement and decision-making.[1] 

 

Ahmed et al. (2024) developed a deep learning-based system 

using computer vision techniques for detecting customer 

emotions through facial expression analysis.[2] 

 

Park et al. (2024) introduced machine learning models for 

predicting customer engagement levels using behavioral and 

interaction data.[3] 

 

Singh et al. (2023) explored anomaly detection techniques 

for identifying unusual customer behavior patterns in retail 

environments.[4] 

 

Wang et al. (2023) proposed an AI-based framework 

integrating visual analytics and customer tracking to 

improve retail insights and store optimization.[5] 

 

Kim et al. (2022) developed a computer vision-based system 

for facial recognition and emotion detection using real-time 

video analysis.[6] 

 

Brown et al. (2022) introduced predictive analytics models 

for analyzing customer purchasing behavior and improving 

product recommendations.[7] 

 

Garcia et al.  (2021) studied the application of big data 

analytics in understanding customer trends and retail 

performance.[8] 

 

Earlier studies also explored rule-based and traditional 

systems for customer behavior analysis. Patel et al. (2020) 

proposed a rule-based system for analyzing customer 

interactions using predefined behavioral patterns.[9] 

 

Rossi et al. (2019) explored machine learning techniques for 

improving customer analytics and engagement prediction in 

Paper ID: SR26420120517 DOI: https://dx.doi.org/10.21275/SR26420120517 1340 

http://www.ijsr.net/
mailto:alfiyanajimi99@gmail.com


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 4, April 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

retail systems.[10] 

 

3. Outlined Method 
 

Designing a Vision-Based Customer Behavior Analysis 

System involves a structured process aimed at analyzing 

customer behavior and improving retail decision-making. 

The proposed methodology integrates computer vision, 

machine learning, and web technologies to create an efficient 

customer analytics platform. 

 

3.1 Requirement Analysis 

 

The requirement analysis phase focuses on identifying 

system objectives and challenges in traditional retail 

systems. These include lack of real-time customer behavior 

analysis, difficulty in understanding customer emotions, and 

dependence on transactional data alone. Key requirements 

include capturing video data for analysis, detecting facial 

expressions and body posture, identifying engagement 

levels, analyzing customer interactions, and maintaining a 

centralized database for storing behavioral and analytical 

data. 

 

System design 

The system design includes several interconnected modules. 

Video data is captured through cameras and processed 

to detect human presence and facial features.  The 

system applies computer vision techniques to identify facial 

expressions, gestures, and movement patterns. Additional 

modules support emotion detection, engagement analysis, 

and visualization of insights. These modules interact with 

a central database that stores customer data, behavioral 

patterns, and analytical results. 

 

Development 

The system is implemented using Python with OpenCV and 

machine learning libraries for image processing and behavior 

analysis. The backend is developed using appropriate 

frameworks to manage application logic and data processing. 

A database system is used to store customer interaction data, 

analysis results, and feedback information. 

 

Integration & Testing 

Integration ensures that all modules operate together 

as a complete system.  Testing procedures verify emotion 

detection accuracy, behavior analysis performance, 

engagement classification reliability, and system efficiency 

under real-time conditions. 

 

4. Evaluation & Optimization 
 

Evaluation and optimization involve analysing the 

performance of all modules within the Vision-Based 

Customer Behavior Analysis System. This includes 

measuring the accuracy of emotion detection using facial 

recognition, evaluating behavior analysis effectiveness, 

analysing engagement classification reliability, and 

validating overall system performance in real-time 

environments. 

 

Optimization techniques improve detection accuracy, 

enhance data processing efficiency, and ensure reliable 

system performance. Image preprocessing, improved 

training datasets, and optimized algorithms are applied to 

enhance overall system performance and responsiveness. 

 

4.1 Machine Learning Approach 

 

The Vision-Based Customer Behavior Analysis System 

applies machine learning and artificial intelligence 

techniques to analyze customer behavior and improve 

retail decision-making. One of the key components of 

the system is the emotion detection module, which uses 

computer vision algorithms to analyze facial expressions 

and identify emotional states. The system captures real-time 

video data through cameras and extracts features such as 

facial landmarks, head orientation, and movement patterns 

to determine customer emotions. 

 

In addition to emotion detection, machine learning 

techniques support other intelligent modules of the system. 

Behavior analysis evaluates body posture, gestures, and 

movement patterns to understand customer interactions. 

Engagement detection combines facial and behavioral 

features to classify customer engagement levels. The system 

also incorporates feedback and purchasing data to enhance 

analysis accuracy and provide meaningful insights. 

 

By integrating these intelligent modules, the Vision-Based 

Customer Behavior Analysis System provides an efficient 

platform for analyzing customer behavior and improving 

retail strategies. The combination of computer vision and 

machine learning techniques allows the system to operate 

accurately and efficiently in real-time retail environments. 

 

Furthermore, the machine learning pipeline improves the 

adaptability and scalability of the proposed system in 

real-world retail environments. By continuously learning 

from customer interaction patterns and emotional responses, 

the system can enhance prediction quality over time and 

provide more refined behavioral insights. This allows the 

model to support dynamic retail decision-making, where 

customer preferences, engagement trends, and in-store 

responses can be monitored more effectively for business 

optimization. 
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Figure 1: Flowchart of Vision-Based Customer Behavior 

Analysis System 

 

4.2 Dataset Description 

 

The Vision-Based Customer Behavior Analysis System 

uses datasets consisting of video recordings and images 

captured from retail environments. These datasets include 

facial expressions, body posture, movement patterns, and 

interaction data, which are used to train machine learning 

models for emotion and engagement detection. In addition 

to visual data, the system also stores customer feedback, 

interaction time, and purchasing data to improve analysis 

accuracy and generate comprehensive insights. 

 

5. Result & Discussion 
 

5.1 System Performance and Functionality 

 

The Vision-Based Customer Behavior Analysis System 

demonstrates effective performance in analyzing customer 

behavior and engagement levels in retail environments. 

The emotion detection module successfully identifies 

customer emotions using facial expressions and visual cues 

captured through real-time video. The system integrates 

multiple intelligent modules including behavior analysis, 

engagement detection, and data visualization. These 

modules work together to reduce manual observation efforts 

while improving customer experience analysis and retail 

decision-making. The integration of Python, OpenCV, 

machine learning techniques, and database systems enables 

the system to operate efficiently and handle large volumes of 

visual and behavioral data in a structured manner. 

 

5.2 Test Cases and Outcomes 

 

The system was tested under different retail scenarios to 

evaluate its performance and reliability. The emotion 

detection module was able to accurately identify customer 

emotional states such as interest, confusion, and excitement 

in most test cases. The behavior analysis module successfully 

analyzed movement patterns, posture, and interaction time, 

while the engagement detection module classified customer 

engagement levels effectively. The system also generated 

meaningful insights through visual analytics and reports. 

These results demonstrate that the Vision-Based Customer 

Behavior Analysis System can effectively support retail 

analytics and improve customer experience management. 

 

5.3 Comparative Analysis with Existing Systems 

 

A comparison with traditional retail monitoring systems 

shows that the proposed Vision-Based Customer Behavior 

Analysis System offers significant improvements in 

intelligent customer analytics. Conventional retail systems 

mainly rely on transactional records, customer feedback, 

and manual observation, which provide only limited 

understanding of customer emotions and behavioral patterns. 

In contrast, the proposed system uses computer vision and 

machine learning techniques to automatically detect facial 

emotions, analyze customer posture and movement, and 

estimate engagement levels in real time. 

 

The proposed system provides a more advanced and 

data-driven approach for retail analysis. By integrating 

emotion detection, behavior analysis, and engagement 

classification into a single framework, the system is able to 

generate deeper insights into customer interaction patterns. 

This helps store managers understand customer preferences, 

optimize product placement, improve store layout, and 

enhance overall customer experience. 

 

To further validate the effectiveness of the proposed system, 

Receiver Operating Characteristic (ROC) analysis was 

performed for the multi-class classification model. The 

ROC curve illustrates the ability of the system to distinguish 

among different customer behavior and emotional classes 

under varying decision thresholds. 

 

 
Figure 2: Multi-Class ROC Curve for Vision-Based 

Customer Behavior Classification 

 

The ROC analysis shows strong classification performance 

across all classes. The Area Under the Curve (AUC) values 

obtained for the five classes are 0.93, 0.91, 0.92, 0.88, and 

0.85 respectively. These values indicate that the model 

performs significantly better than random classification and 

demonstrates a strong capability to distinguish between 

multiple customer behavior categories. 
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Compared to existing systems that lack automated visual 

intelligence, the proposed system provides improved 

classification reliability and richer behavioral interpretation. 

Although certain classes show slightly lower performance 

due to overlapping emotional or behavioral features, the 

overall ROC results confirm the effectiveness of the proposed 

approach. Thus, the system demonstrates clear advantages 

over conventional retail monitoring methods in terms of 

automation, analytical depth, and predictive capability. 

 

 
Figure 3: Customer Emotion and Engagement Analysis 

 

6. Conclusion 
 

The Vision-Based Customer Behavior Analysis System 

provides an effective solution for improving retail analytics 

and customer experience through the integration of artificial 

intelligence technologies. By incorporating emotion 

detection, behavior analysis, engagement classification, 

and real-time analytics, the system reduces manual effort 

and enhances decision-making processes. The use of 

computer vision and machine learning techniques enables 

accurate understanding of customer behavior and structured 

management of retail data. 

 

The system helps store managers monitor customer 

interactions, analyze engagement levels, and generate 

insights in a more efficient manner.  By automating 

these processes, the system supports better business 

strategies and improves customer satisfaction. Overall, the 

proposed system demonstrates how intelligent technologies 

can transform traditional retail systems into smart and 

data-driven environments that enhance both customer 

experience and business performance. 
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