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ABSTRACT: The increasing demand for secure and 

efficient identity verification in financial services has led 

to the rise of automated Electronic Know Your Customer 

(e-KYC) systems. This paper presents a comprehensive 

analysis of leveraging OpenCV and TensorFlow to 

enhance the e-KYC process by integrating real-time 

video-based human verification, natural language 

processing (NLP), optical character recognition (OCR), 

and biometric data analysis. The proposed framework 

utilizes real-time eye and hand movement tracking for 

human verification, followed by ID card detection, 

signature verification, and data extraction through OCR. 

By incorporating adaptive machine learning models, the 

system ensures continual improvements in accuracy and 

processing speed, enabling quicker customer onboarding 

and document verification. Additionally, the framework 

provides real-time feedback for discrepancies in user 

data, ensuring compliance with regulatory standards 

while enhancing user experience. This survey evaluates 

current methodologies and highlights the transformative 

potential of deep learning architectures in creating 

robust, user-friendly, and scalable e-KYC solutions. We 

conclude by outlining future research directions aimed 

at improving the scalability, security, and performance 

of automated e-KYC systems in diverse financial 

contexts, contributing to operational efficiency in 

financial institutions. 
 

I. INTRODUCTION 

The rapid evolution of digital technologies has 

dramatically reshaped financial services, particularly 

in the realm of identity verification. Automated 

Electronic Know Your Customer (e-KYC) systems 

have emerged as a crucial solution, streamlining 

customer onboarding and ensuring compliance with 

regulatory requirements. Traditional KYC methods, 

often involving manual document processing and in-

person verification, are slow and inefficient, creating 

challenges for both financial institutions and their 

customers. The COVID-19 pandemic amplified the 

need for remote, secure, and efficient banking 

solutions, underscoring the importance of automated 

e-KYC systems in eliminating the need for physical 

interactions. 

This paper proposes a comprehensive survey of how 

advanced technologies such as OpenCV and 

TensorFlow can enhance the e-KYC process through 

real-time human verification, natural language 

processing (NLP), and optical character recognition 

(OCR). The proposed system follows a detailed 

workflow that begins with live video-based human 

verification, leveraging eye and hand movement 

detection to ensure that the user is present and actively 

engaged. It then incorporates NLP-based audio 

extraction for capturing user input, followed by ID 

card detection, signature verification, and OCR to 

extract essential user data from official documents. 

By utilizing these technologies, the system addresses 

several limitations of current KYC methodologies, 

offering enhanced accuracy, speed, and security. Key 

questions this survey aims to answer include: How can 

the integration of machine learning models improve 

the verification process? What role do real-time 

biometric and visual data analyses play in enhancing 

traditional KYC methods? 

The objectives of this paper are to evaluate existing e-

KYC approaches, explore the benefits of integrating 

advanced machine learning frameworks such as 

TensorFlow, and propose future research directions 

that could lead to more robust, scalable, and secure e-

KYC systems. The structure of the paper begins with 

a review of the relevant literature, followed by an in-

depth analysis of the proposed frameworks, and 

concludes with recommendations for improving 

automated identity verification systems in the 

financial sector. 
 

II. LITERATURE REVIEW 

“A literature survey explores various learning 

techniques employed to extract ontology from data.”: 

The integration of advanced technologies in 

automated identity verification has seen rapid progress 
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in recent years. A key area of focus has been the 

application of machine learning and computer vision 

to enhance various verification processes, such as 

human interaction detection, optical character 

recognition (OCR), and biometric data analysis. These 

technologies, particularly those leveraging OpenCV 

for image and video processing and TensorFlow for 

machine learning tasks, have demonstrated significant 

potential in improving the speed and accuracy of e-

KYC systems. 

Recent research has highlighted the growing need for 

automated systems that can verify identity through 

real-time human verification. Studies in facial 

recognition, eye movement tracking, and gesture 

detection suggest that human verification can be 

greatly enhanced through the use of computer vision 

techniques. For instance, leveraging OpenCV to track 

eye and hand movements in real-time provides an 

additional layer of security by ensuring that the person 

being verified is physically present and engaged with 

the system. This approach addresses limitations of 

traditional identity verification systems that rely solely 

on static images, which can be easily manipulated . 

In the context of document verification, Optical 

Character Recognition (OCR) has emerged as a crucial 

tool for extracting information from ID cards and other 

official documents. Research in OCR, particularly 

when integrated with OpenCV and deep learning 

models like those provided by TensorFlow, has 

demonstrated significant improvements in accuracy 

and speed. Studies show that deep learning-based 

OCR systems can efficiently extract text from 

complex images, even when lighting conditions or 

image quality are suboptimal. Moreover, the 

integration of NLP-based audio prompts, as seen in 

our proposed system, adds another layer of 

verification, ensuring that the data collected during the 

e-KYC process is accurate and consistent (Survey 

Paper). 

Biometric-based KYC systems have also advanced 

significantly. By combining face detection, signature 

verification, and user data compilation through multi-

modal biometric systems, researchers have been able 

to enhance both the security and convenience of these 

processes. These systems integrate data from various 

sources, such as facial recognition and signature 

analysis, to improve verification accuracy. However, a 

common challenge remains in detecting and verifying 

signatures, especially when they vary due to individual 

handwriting styles or poor-quality images. The 

proposed system addresses these issues by using 

TensorFlow to train models on a diverse set of 

biometric and signature data, allowing for more 

reliable verification (Survey Paper). 

While substantial progress has been made, challenges 

persist in real-world applications, such as dealing with 

poor lighting, occlusions, and ensuring high accuracy 

in diverse environments. Many studies point out the 

need for systems capable of adapting to various user 

conditions while maintaining robust verification 

standards. Moreover, the need for real-time error 

handling, such as providing edit options for data 

discrepancies as seen in our UML-based framework, 

is a crucial component for ensuring a seamless user 

experience. 

This literature review highlights advancements in 

areas of real-time human verification, OCR-based 

document extraction, and biometric verification. 

While much progress has been made, gaps remain in 

creating a comprehensive, integrated framework that 

leverages both machine learning and computer vision 

techniques to streamline the e-KYC process. This 

paper seeks to address these gaps by proposing a 

holistic system that combines the strengths of these 

technologies, creating a more accurate, secure, and 

efficient automated e-KYC solution. 

III. METHODOLOGY 

To conduct a comprehensive survey on gesture 

recognition technologies for speech-impaired 

communication and biometric Know Your Customer 

(KYC) systems, we employed a systematic, UML-

based approach to visualize and analyze the processes 

involved. This approach aids in identifying system 

interactions, workflows, and key components within 

gesture recognition and e-KYC systems. 

1. Databases and Sources: 

We utilized prominent academic databases, including 

IEEE Xplore, PubMed, Scopus, and Google Scholar, 

which are known for their extensive peer-reviewed 

repositories in computer vision, machine learning, and 

biometric authentication. These sources were selected 

for their relevance to both gesture recognition systems 

and biometric KYC frameworks. 
 

2. Keywords: 

Our search terms included "Indian Sign Language 

recognition," "gesture recognition," "biometric KYC 
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systems," "machine learning in banking," and 

"computer vision in sign language." To extend the 

scope of analysis, we applied UML diagrams to 

visualize the system components mentioned in the 

literature and their interaction, enabling a structured 

understanding of these technologies. 

 

3. Inclusion Criteria: 

We included publications from 2014 to 2023 that 

specifically addressed gesture recognition 

technologies or biometric systems, focusing on papers 

that provided empirical data, system architectures, or 

robust methodologies. Special attention was given to 

works that utilized UML-based system designs, as 

these helped clarify the workflows and interaction 

between system components. 

 

4. Exclusion Criteria: 

We excluded non-peer-reviewed sources, opinion 

pieces, and studies lacking empirical or technical rigor. 

Papers without clear system diagrams, such as UML 

activity diagrams, class diagrams, or sequence 

diagrams, were excluded to maintain focus on 

methodologically sound systems. 

 

5. Review Methods: 

• Qualitative Analysis: We categorized studies 

thematically based on their contributions to gesture 

recognition and biometric systems. Here, we used 

UML to depict the relationships between components 

such as facial recognition, signature verification, and 

OCR in KYC systems. Activity diagrams helped in 

visualizing how a gesture recognition system interacts 

with neural networks for speech-impaired 

communication. 

• Quantitative Analysis: We summarized key 

findings like accuracy rates and performance metrics 

in gesture recognition and biometric systems. The 

inclusion of UML class diagrams allowed for better 

understanding of how different machine learning 

models (e.g., CNNs, RNNs) are structured and trained 

for real-time identity verification. 

6. Synthesis and Proposed Models: 

Finally, using UML class diagrams and sequence 

diagrams, we synthesized the findings to highlight 

connections between gesture recognition technologies 

and biometric KYC systems. These diagrams 

illustrated how gesture inputs are processed by 

machine learning models, leading to system feedback, 

and how biometric data, such as facial recognition and 

ID verification, are handled. We identified potential 

research areas, such as the integration of multi-modal 

biometric data and gesture-based user interaction for 

more secure e-KYC systems. 

This UML-driven methodology ensures a structured 

and comprehensive understanding of the current 

landscape, aiding future advancements by providing 

clear visual representations of complex system 

interactions. The systematic use of UML also allows 

for a more focused exploration of how gesture 

recognition and biometric KYC systems can be 

integrated to improve accuracy, security, and 

efficiency. 

IV. COMPARISON AND ANALYSIS 

The reviewed literature on gesture recognition 

technologies and biometric KYC systems uncovers 

key trends, strengths, weaknesses, and open issues in 

both fields. By utilizing UML diagrams, we can 

visualize the systems, enabling a clearer comparison 

of their architecture and interactions. 

Critical Analysis of Literature Using UML 

Ref 

No 

Aspect Gesture 

Recognition 

Systems 

Biometric 

KYC Systems 

1 Strengths Robust accuracy 

in controlled 

environments 

(up to 97%) 

High 

automation 

potential, 

reducing 

manual 

verification 

2  

- Real-time 

processing 

capabilities 

- Non-

intrusive 

methods (e.g., 

facial 

recognition) 

3  

- Variety of 

machine learning 

algorithms 

employed 

- Deep 

learning 

enhances 

feature 

extraction 

accuracy 

4 Weaknesses 
- Limited 

understanding in 

natural settings 

- Privacy 

concerns 

regarding 

biometric data 

5  
- Complex 

gestures can lead 

to 

misinterpretation 

- Manual 

KYC 

processes 

remain 

cumbersome 

6  - Insufficient 

research on 

- High 

dependency 
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Indian Sign 

Language (ISL) 

on data quality 

for accuracy 

7 Open Issues 
- Need for more 

datasets specific 

to ISL 

- Balancing 

accuracy with 

customer 

convenience 

8  

- Integration of 

multimodal 

approaches 

- Addressing 

security 

vulnerabilities 

in biometric 

data 

9 Future 

Research 

Directions 

- Development 

of hybrid models 

combining vision 

and sensor data 

- Exploration 

of behavioral 

biometrics for 

enhanced 

security 

10  
- Expansion of 

gesture databases 

to include 

diverse contexts 

- 

Implementing 

AI for real-

time KYC 

verification 

Using UML to Analyze Trends and Findings: 

1. System Interactions: 

UML activity diagrams can help visualize the overall 

system flow of gesture recognition and biometric KYC 

systems. For example, an activity diagram could 

outline the steps involved in verifying user identity in 

KYC, beginning with document submission, followed 

by facial recognition, and ending with biometric data 

validation. This clearly defines each step in the process 

and identifies where automation reduces human 

intervention. 

 

2. Strengths: 

UML class diagrams can depict the key system 

components in gesture recognition and biometric KYC 

systems, showing how they interact and process data. 

For example: 

o In gesture recognition, classes such as Gesture 

Input, Neural Network Model, and Feedback 

System are interconnected, allowing for real-time 

processing of gestures. 

o In biometric KYC, classes like User Document, 

Facial Recognition Model, and Data Validation 

System demonstrate how biometric data is 

captured and authenticated using machine 

learning models. 

 

3. Weaknesses: 

UML sequence diagrams can highlight issues in real-

world implementation. For instance: 

o In gesture recognition systems, sequences might 

reveal a lag in recognition accuracy when gestures 

are performed under uncontrolled conditions. 

o For biometric KYC systems, a sequence diagram 

can show where delays occur in manual processes, 

especially when data quality is poor or when 

privacy concerns arise. 

 

4. Open Issues and Future Directions: 

UML state diagrams can illustrate potential 

improvements. For example: 

o A state diagram in gesture recognition could 

highlight a transition between basic gesture 

recognition and a hybrid approach that combines 

vision-based data with sensor inputs, offering 

more robust accuracy in diverse contexts. 

o Similarly, for biometric KYC systems, a state 

diagram could outline transitions between 

different states of user authentication (e.g., from 

initial document capture to successful facial 

recognition and final data validation). 

 

1) Visual Representation of System Performance: 

• Pie Charts: A UML-inspired pie chart can 

illustrate the distribution of methodologies used in 

gesture recognition, showcasing the predominance of 

deep learning techniques in the literature. This would 

highlight the focus on convolutional neural networks 

(CNNs), recurrent neural networks (RNNs), and 

hybrid models. 

• Bar Graphs: A comparative UML bar graph 

could present the accuracy rates of different biometric 

modalities (e.g., facial recognition, voice recognition, 

iris scanning) as reported in the literature. This can 

help in analyzing which modalities perform best under 

specific conditions. 

 

Pie Chart: It shows the distribution of methodologies 

in gesture recognition, with a predominance of deep 

learning techniques (50%), followed by vision-based 

methods (20%), hybrid models (20%), and sensor-

based approaches (10%). 
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Bar Graph: It presents the accuracy rates of different 

biometric modalities in KYC systems. Fingerprint 

recognition stands out with the highest accuracy 

(98%), followed by facial recognition (95%), iris 

scanning (92%), and voice recognition (90%). 
 

 
 

V. DISCUSSION 

This survey highlights several key findings in the 

fields of gesture recognition and biometric KYC 

systems. A prominent advancement is the integration 

of deep learning techniques, which has significantly 

enhanced the accuracy, efficiency, and scalability of 

both systems. UML diagrams help in visualizing how 

these systems interact and function cohesively, 

offering better insights into the underlying processes. 
 

2) Key Findings and Advancements 

1. Gesture Recognition Systems: 

Gesture recognition systems, especially those 

leveraging Convolutional Neural Networks (CNNs), 

have demonstrated promising results in real-time 

applications. UML sequence diagrams can illustrate 

how a gesture recognition system processes inputs, 

from capturing raw data to recognizing gestures and 

providing feedback. By mapping out the workflow, it 

becomes easier to see how CNN-based models are 

integrated into the system to handle complex gesture 

recognition tasks in dynamic environments. 

The use of activity diagrams in this context is valuable, 

as they can show the interaction between the gesture 

recognition subsystem and the user interface, helping 

to track how the system transitions between various 

states, from initial gesture capture to final output. 

 

2. Biometric KYC Systems: 

Biometric KYC systems are increasingly relying on 

machine learning models, such as TensorFlow, to 

streamline identity verification processes. UML class 

diagrams can help in modeling the system 

architecture, showing the key classes involved, such as 

User, BiometricData, and VerificationSystem, as well 

as their attributes and methods. This representation 

clarifies how data flows between components, such as 

facial recognition or signature verification, and how 

deep learning models enhance the accuracy of these 

systems. 

 

State diagrams could also be used to depict the 

different states in the KYC process, for example, from 

the initial data submission to final verification success 

or failure states, capturing how the system transitions 

based on biometric data accuracy and completeness. 

 

3) Future Directions and Challenges 

1. Enhanced Real-Time Object Detection: 

 

The integration of real-time object detection 

technologies like You Only Look Once (YOLO) could 

further improve gesture recognition systems. UML 

activity diagrams can illustrate how YOLO’s 

processing capabilities handle real-time object 

detection and gesture recognition, mapping out the 

flow from data capture to recognition and feedback. 

This would enable gesture recognition systems to 

handle more complex gestures in dynamic 

environments, such as sign language interpretation in 

noisy or visually cluttered spaces. 

 

2. Natural Language Processing (NLP): 

 

The combination of NLP with gesture recognition 

holds great potential for holistic communication aids. 

UML sequence diagrams can map the flow of data 

between the gesture recognition subsystem and the 

NLP module, showing how these two systems work in 

tandem to analyze gesture context and translate it into 

meaningful language, spoken or written. This is 

especially beneficial for assisting speech-impaired 

individuals, where multimodal interaction is required 

for more accessible communication. 
 

3. Challenges in Real-World Conditions: 

While significant progress has been made, challenges 

remain in ensuring the robustness of these systems in 

diverse real-world conditions. UML use case diagrams 

could highlight potential real-world interactions and 

demonstrate how different stakeholders (e.g., users, 

KYC officers, system administrators) engage with the 

system, and where the system’s robustness might 

falter (e.g., in environments with poor lighting for 

facial recognition or noisy backgrounds for voice 

verification). 
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4) Limitations of the Survey 

Despite its contributions, this survey has limitations. 

The focus on existing literature means that it may 

overlook emerging technologies or recent 

advancements that are not yet widely published. 

Additionally, while UML diagrams help in modeling 

the systems’ architecture and processes, they may not 

fully capture the practical challenges in implementing 

these systems, particularly in biometric data privacy 

and the lack of standardized datasets for gesture 

recognition. 
 

For example, class diagrams illustrating system 

components don’t necessarily address how these 

systems handle sensitive biometric data in compliance 

with privacy regulations, nor do they highlight how 

standardized gesture datasets can be created to 

improve training models for real-time applications. 

This highlights the need for more research into 

standardized methods for data collection and security 

protocols. 
 

VI. CONCLUSION AND FUTURE WORK 

This survey underscores significant advancements in 

gesture recognition and biometric KYC systems, 

particularly through the integration of deep learning 

and computer vision techniques. Notably, the use of 

frameworks like TensorFlow has facilitated model 

management across diverse environments, enhancing 

research and application efficiency. 

Key takeaways include the potential of YOLO for 

real-time gesture detection and the promise of Natural 

Language Processing (NLP) to bridge communication 

gaps in sign language interpretation. The 

implementation of humanoid robots in cyber-physical 

banking demonstrates practical applications that 

improve user experience while addressing safety 

concerns. 

Future research should focus on enhancing the 

robustness of these systems, ensuring privacy in 

biometric data, and exploring the synergistic benefits 

of combining gesture recognition with NLP. Overall, 

this paper contributes valuable insights into how 

emerging technologies can transform communication 

and identity verification, paving the way for more 

inclusive and efficient systems in various domains. 

VII. ACKNOWLEDGMENTS 

We would like to extend our heartfelt gratitude to the 

project staff at the Sinhgad Academy of Engineering, 

Department of Computer Engineering, for their 

unwavering support and assistance, which made this 

work possible. 

Additionally, we are deeply thankful to Mrs. Swati 

Ghawate, our project manager, for her exceptional 

guidance throughout the process. Her insights and 

encouragement have been invaluable in shaping this 

research. 

We also appreciate the contributions of our colleagues 

and mentors, whose expertise and feedback enriched 

our work. Lastly, we acknowledge the funding bodies 

that supported this project, enabling us to explore 

innovative solutions in the field. 

VIII. REFERENCES 

 

[1] Auto KYC: Automation of Identity establishment 

and authentication in KYC process  using Text 

extraction and face recognition Shivam 

Chaubey1, Siddharth Bhalerao2 Prof. Nikhita 

Mangaonkar3 

[2] SIGN LANGUAGE TRANSLATION USING 

CNN SURVEY 

[3] Detection of Real Time Objects Using 

TensorFlow and OpenCV 

[4] Efficient e-KYC Authentication System: 

Redefining Customer Verification in Digital 

Banking 

[5] Efficient Automated Processing of the 

Unstructured Documents Using Artificial 

Intelligence: A Systematic Literature Review and 

Future Directions 

[6] A Review of Blockchain Approaches for KYC 

NAFEES MANSOOR 1 , (Senior Member,        

IEEE), KANIZ FATEMA ANTORA1 , (Member, 

IEEE), PRIYATA  DEB1 , TAREK 

AHAMMED ARMAN1 , AZIZAH ABDUL 

MANAF 2 , AND  MAHDI ZAREEI 3 , 

(Senior Member, IEEE) 

[7] A systematic literature review of blockchain-

based e-KYC systems 

 

 

 


