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Abstract—Traditional attendance management systems 

based on manual roll calls, RFID cards, and biometric 

methods suffer from inefficiency, proxy attendance, and 

scalability limitations. This paper presents an AI-

Powered Face Recognition Attendance System with 

Microservices Architecture and Real-Time WhatsApp 

Integration that automates attendance management 

using deep learning, distributed microservices, and 

real-time communication. The system employs 

InsightFace for face detection and recognition using 

512-dimensional facial embeddings and cosine 

similarity matching. A multi-sample registration 

process improves recognition reliability, while a 

confidence-based manual verification mechanism 

reduces false positives. The proposed architecture 

adopts a polyglot persistence strategy using MySQL, 

MongoDB, Redis, and Cloudinary for optimized data 

handling. Real-time absence alerts and attendance 

reports are delivered through WhatsApp integration 

using Twilio. Experimental results demonstrate 95% 

reduction in attendance marking time, 90.1% 

recognition accuracy, and stable support for 500 

concurrent users. The proposed system provides a 

scalable, secure, and intelligent solution for modern 

automated attendance management. 

 

Index Terms:  Face Recognition, Attendance System, 

Microservices Architecture, Deep Learning, WhatsApp 

Integration. 

 

I. INTRODUCTION 

 

Attendance management is an essential activity in 

educational institutions for monitoring student 

participation and maintaining academic records. 

Traditional attendance methods based on manual roll 

calls require significant classroom time, typically 10–

15 minutes per session, and are prone to human errors 

and proxy attendance. Although RFID and biometric-

based systems introduced partial automation, they 

still suffer from hardware dependency, scalability 

limitations, and security concerns. 

 

Recent advancements in Artificial Intelligence, Deep 

Learning, and Computer Vision have enabled face 

recognition to become a reliable solution for 

automated attendance systems. Modern facial 

recognition models such as InsightFace provide 

accurate detection and identity matching under 

varying classroom conditions, making them suitable 

for real-time attendance management. 

 

This work presents an AI-Powered Face Recognition 

Attendance System with Microservices Architecture 

and Real-Time WhatsApp Integration to automate the 

complete attendance process. The system combines 

deep learning-based recognition, microservices 

architecture, polyglot persistence, confidence-based 

manual verification, and real-time WhatsApp 

notifications to improve efficiency, scalability, and 

reliability. 

 

The proposed system uses facial embeddings and 

cosine similarity matching for student identification, 

supported by a multi-sample registration mechanism 

for improved recognition performance. A confidence-

based decision process allows automatic recognition 

for high-confidence matches while uncertain matches 

are forwarded for manual verification. 

 

To support scalable deployment, the system uses a 

layered microservices model with specialized 

services for recognition, authentication, attendance 

processing, reporting, and notifications. A polyglot 

persistence strategy combines MySQL, MongoDB, 
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Redis and Cloudinary to optimize storage and 

performance. 

 

The main contributions of this work include 

automated face recognition attendance, scalable 

microservices deployment, confidence-based manual 

verification, and integration of real-time WhatsApp 

communication through Twilio. The proposed system 

provides an intelligent solution for next-generation 

smart attendance management. 

 

II. RELATED WORK 

 

2.1 Traditional Attendance Management Systems 

Traditional attendance systems based on manual roll 

calls and paper registers have been widely used in 

educational institutions for many years. Although 

simple to implement, these systems consume 

significant classroom time, are prone to human 

errors, and allow proxy attendance, reducing 

reliability and efficiency. 

 

2.2 RFID and Biometric-Based Attendance Systems 

To improve automation, RFID and biometric 

attendance systems were introduced. RFID-based 

systems use identification cards for attendance 

marking, while biometric systems use fingerprint 

authentication for identity verification. Although 

these methods reduce manual effort, they suffer from 

hardware dependency, maintenance costs, and 

limitations such as card sharing, sensor dependency, 

and reduced efficiency in large classrooms. 

 

2.3 Face Recognition-Based Attendance Systems 

Recent research has focused on face recognition as a 

contactless and intelligent solution for attendance 

automation. Earlier systems used traditional 

approaches with OpenCV and Haar Cascade 

algorithms, but their performance often decreases 

under varying lighting conditions, pose changes, and 

crowded classroom environments. More recent 

approaches using deep learning models such as 

FaceNet and InsightFace have significantly improved 

recognition accuracy through embedding-based 

identity matching. 

 

2.4 Microservices-Based Smart Attendance Systems 

Some recent studies have explored the use of 

distributed architectures for attendance management. 

Microservices-based systems improve modularity, 

scalability, and independent service deployment 

compared to monolithic architectures. However, 

limited research combines microservices architecture 

with face recognition attendance in a unified 

framework. 

 

2.5 Real-Time Notification and Verification 

Approaches 

Most existing attendance systems focus only on 

attendance marking and do not include real-time 

student communication or manual verification for 

uncertain recognition cases. Research integrating 

notification systems such as WhatsApp alerts and 

confidence-based teacher verification remains 

limited, despite their potential to improve reliability 

and communication. 

 

2.6 Research Gap 

Existing systems generally address only isolated 

problems such as recognition, storage, or attendance 

automation, but do not integrate deep learning face 

recognition, microservices architecture, polyglot 

persistence, confidence-based manual verification, 

and real-time WhatsApp communication in a single 

scalable solution. The proposed system addresses this 

gap through an intelligent and unified attendance 

management framework. 

 

III. PROPOSED WORK 

 

3.1 Face Recognition-Based Attendance Automation 

The proposed AI-Powered Face Recognition 

Attendance System with Microservices Architecture 

and Real-Time WhatsApp Integration automates 

attendance marking using deep learning-based face 

recognition. Student faces captured from classroom 

images are processed using InsightFace to generate 

512-dimensional facial embeddings for identity 

matching. 

 

Recognition is performed using cosine similarity: 

Similarity(A, B) =
A ⋅ B

∥ A ∥∥ B ∥
 

where detected embeddings are compared with stored 

student embeddings to identify matches. 

 

3.2 Multi-Sample Registration Process 

To improve recognition accuracy, each student is 

enrolled using 3–5 facial images captured from 

different angles. Multiple embeddings are generated 

and combined to produce a robust representation of 

each student’s facial features. 

 

3.3 Confidence-Based Verification Mechanism 
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The system uses a three-level confidence-based 

decision process: 

Similarity >60% → Automatic attendance marking  

Similarity 40–60% → Manual verification by teacher  

Similarity <40% → Rejection  

This mechanism reduces false positives while 

maintaining reliable attendance automation. 

 

3.4 Microservices-Based Framework 

The proposed work uses a microservices architecture 

consisting of independent services for: 

Face recognition, Authentication, Attendance 

management Report generation, WhatsApp 

notifications, API gateway routing  

This improves modularity, scalability, and fault 

isolation. 

 

3.5 Polyglot Persistence Strategy 

The system uses multiple specialized data stores: 

MySQL for attendance records MongoDB for facial 

embeddings Redis for caching Cloudinary for image 

storage  

This improves storage efficiency and performance. 

 

3.6 Real-Time WhatsApp Integration 

The proposed system integrates WhatsApp 

notifications using Twilio to send absence alerts, 

receive student responses, and deliver attendance 

summaries in real time. 

 

IV. METHODOLOGY 

 

4.1 Student Registration 

The methodology begins with student enrollment, 

where each student provides academic details such as 

student ID, name, section, and contact information. 

During registration, 3–5 facial images are captured 

from multiple angles to improve recognition 

robustness. These images are processed using 

InsightFace to generate facial embeddings for 

identity matching. 

 

4.2 Face Detection and Feature Extraction 

During attendance marking, a classroom image is 

captured through photo upload or live camera input. 

The system detects faces in the image and extracts 

512-dimensional facial embeddings for each detected 

face. 

Embedding representation: 

f(x) = [e1, e2, e3, … , e512] 

These embeddings represent unique facial features 

used for recognition. 

4.3 Similarity Matching 

Detected facial embeddings are compared with stored 

embeddings using cosine similarity: 

Similarity(A, B) =
A ⋅ B

∥ A ∥∥ B ∥
 

The highest similarity score determines the best 

identity match. 

 

4.4 Confidence-Based Decision Process 

Attendance validation follows a three-level decision 

mechanism: 

Similarity >60% → Automatic acceptance  

Similarity 40–60% → Manual verification  

Similarity <40% → Rejection  

Uncertain matches are forwarded for teacher review. 

 

4.5 Attendance Recording 

After recognition is validated, attendance is recorded 

with student ID, date, time, confidence score, and 

verification status. Records are stored in MySQL, 

while temporary recognition sessions are managed 

using Redis. 

 

4.6 WhatsApp Notification Workflow 

Once attendance is recorded, absent students are 

identified automatically. The system sends real-time 

absence alerts using Twilio and logs student 

responses for further review. 

 

4.7 Overall Workflo 

Student Registration 

↓ 

Face Detection 

↓ 

Embedding Generation 

↓ 

Similarity Matching 

↓ 

Confidence Decision 

↓ 

Attendance Recording 

↓ 

WhatsApp Notification 
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V. DATASET 

 

5.1 Dataset Collection 

The dataset used for the proposed AI-Powered Face 

Recognition Attendance System with Microservices 

Architecture and Real-Time WhatsApp Integration 

was collected from real classroom environments 

involving more than 50 students across multiple 

attendance sessions. The dataset was designed to 

support student registration, face recognition 

training, and performance evaluation under practical 

classroom conditions. 

 

5.2 Registration Image Dataset 

For each student, 3–5 facial images were captured 

from multiple angles including frontal, left profile, 

right profile, and slight tilt positions. These images 

were used to generate robust facial embeddings for 

identity matching. Multi-angle image collection 

improves recognition performance under pose 

variations. 

 

5.3 Classroom Attendance Image Dataset 

The dataset includes classroom group photographs 

captured during attendance sessions containing 

multiple students in a single frame. Images were 

collected under different lighting conditions, group 

sizes, and seating arrangements to evaluate 

recognition robustness in real scenarios. 

 

5.4 Dataset Categories 

The collected dataset consists of the following 

categories: 

Student registration facial images,Classroom group 

attendance images ,Attendance records and labels 

Verification cases for uncertain matches ,Student 

metadata (ID, name, section)  

 

5.5 Dataset Conditions 

The dataset includes images captured under varying 

conditions: 

Bright lighting (>300 lux) ,Normal indoor lighting 

,Low-light conditions, ,Frontal and side face angles 

,Group images with 10–30 students  

These variations were included to test system 

performance under practical classroom 

environments. 

 

5.6 Data Storage 

Student profile data and attendance labels are stored 

in MySQL, while facial embeddings are stored in 

MongoDB for identity matching. Classroom images 

are stored using Cloudinary. 

 

VI. RESULTS AND DISCUSSION 

 

6.1 Recognition Accuracy Under Different Lighting 

Conditions 

The proposed system was evaluated under varying 

illumination levels to measure recognition 

performance. 

Lighting Condition Recognition Accuracy 

Bright Light 95.0% 

Normal Indoor Light 89.8% 

Low Light 84.7% 

Overall Average 90.1% 

 

 
 

Results show that recognition performs best under 

bright lighting, while maintaining reliable 

performance under normal and low-light classroom 

conditions. 

 

6.2 Recognition Accuracy by Face Angles 

System performance was tested for multiple facial 

orientations captured during registration. 

Face Angle Accuracy 

Frontal View 96.3% 

Left Tilt 92.4% 

Right Tilt 91.8% 

Partial Side View 87.6% 

Multi-sample registration improved recognition 

under pose variations. 

 

6.3 Group Classroom Image Performance 

Recognition was evaluated using classroom images 

containing multiple students. 

Number of Students Accuracy 

 10 Students 94.8% 
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Number of Students Accuracy 

20 Students 92.6% 

30 Students 89.9% 

Accuracy decreases slightly as group size increases 

due to occlusion, but remains effective. 

 

6.4 Load Testing Performance 

 

 
 

 

Load testing was conducted using Apache JMeter. 

Method 
Average Time per 

Class 

Manual Roll 

Call 
10–15 min 

RFID System 4–5 min 

Proposed 

System 
30–45 sec 

 

Results demonstrate stable performance under 

concurrent load. 

 

6.5 Attendance Time Comparison 

The proposed system achieved approximately 95% 

reduction in attendance marking time. 

 

6.6.Discussion 

Experimental results indicate that the proposed 

system improves recognition accuracy, reduces 

attendance  marking  time, and supports scalable 

performance. The confidence-based manual 

verification mechanism reduces false positives, while 

the microservices architecture maintains stability 

under concurrent user load. These results validate the 

effectiveness of the proposed attendance 

management framework 

 

VII. CONCLUSION 

 

The proposed AI-Powered Face Recognition 

Attendance System with Microservices Architecture 

and Real-Time WhatsApp Integration provides an 

intelligent and automated solution for modern 

attendance management. The system combines deep 

learning-based face recognition, confidence-based 

manual verification, microservices architecture, 

polyglot persistence, and real-time WhatsApp 

communication to overcome limitations of traditional 

attendance systems. 

 

The proposed framework improves attendance 

automation by reducing manual effort, minimizing 

proxy attendance, and increasing recognition 

reliability through embedding-based identity 

matching. The use of distributed microservices 

improves scalability and modularity, while the multi-

database strategy enhances storage efficiency and 

performance. 

 

Experimental results demonstrated 90.1% overall 

recognition accuracy, 95% reduction in attendance 

marking time, and stable support for 500 concurrent 

users. Real-time notification integration further 

improved communication between students and 

faculty. 

 

Overall, the proposed system provides a scalable, 

secure, and practical solution for smart educational 

attendance management. Future enhancements may 

include larger institutional deployment, mobile 

integration, and advanced attendance analytics. 
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