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Abstract: Manual attendance in classrooms is time-consuming, error-prone and open to proxy marking. This paper
presents an Al-based smart attendance system that uses a CCTV camera and face recognition to mark student
attendance automatically. Live classroom video is split into frames, faces are detected and converted into numerical
face encodings, and the encodings are matched against those of registered students. A recognised student is marked
present with date and time, duplicate entries within a session are prevented, and unknown faces are ignored. Records
are stored in MongoDB, and a web dashboard supports student registration, live attendance, and Excel report
generation. Unit tests of ten core functions all passed. The system offers a contactless, low-cost and scalable alternative
to manual roll calls.
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L. INTRODUCTION

Attendance records are central to academic discipline, yet most institutions still take them with paper registers or roll
calls. This consumes lecture time, invites human error, and allows proxy attendance, which weakens the reliability of
the records. Biometric and vision-based techniques can remove these limitations.

Face recognition is well suited to classrooms because it is contactless and needs no action from students. In the
proposed system a CCTV camera installed in the classroom captures live video; the software detects faces, compares
them with pre-registered student faces, and stores attendance automatically with the date and time. All records are
digital, so teachers and administrators can retrieve and export them whenever required.

The main contributions of this work are: (i) an end-to-end pipeline from CCTV video capture to attendance storage, (ii)
a duplicate-attendance check per session, (iii) a web interface for registration, live monitoring and report generation,
and (iv) a modular design that can use a webcam, an IP camera or an RTSP CCTV stream.

II. LITERATURE REVIEW

Several authors have automated attendance with face recognition. Early systems used classical methods: Viola-Jones
with Fisherfaces and GSM alerts [1], LBP-based classification on low-cost Raspberry Pi hardware [2], Haar cascades
with a MySQL back end [4], and Haar cascades with LBPH histograms that ran in real time with minimal resources [9].
These work well under controlled lighting but degrade with pose changes, occlusion and low light.

Machine-learning and deep-learning approaches improved robustness. SVM classifiers with OpenCV [6], CNN-based
matching [5], ResNet-based recognition with liveness detection [7], FaceNet embeddings [8], ArcFace embeddings
[13], attention mechanisms for spectacles and partial occlusion [18], and MTCNN-based hybrid pipelines [19] report
higher accuracy and speed. Multi-face detection with YOLO [12] allows many students to be marked at once.

Work on deployment aspects includes CCTV/RTSP-based monitoring [14], a low-cost CCTV setup [21], secure cloud
storage of logs [17], proxy-resistant verification [11], notification and reporting support [16], database-backed analytics
[10], [22], and surveys comparing face recognition with fingerprint and RFID [15], [23]. Table I summarises
representative studies.
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TABLE I. SUMMARY OF SELECTED RELATED WORK

Ref. | Method Notable point
[1] Viola-Jones + Fisherface | >90% accuracy; SMS alerts
[2] LBP on Raspberry Pi 95% recognition; low cost
[5] CNN matching 96% indoors; <2 s per face
[7T | ResNet + liveness 97% accuracy; anti-spoofing
[9] Haar + LBPH >30 FPS; light-weight
[12] | YOLO multi-face 40+ faces concurrently
[13] | ArcFace embeddings 98% on benchmarks

14 Face recognition + CCTV | 93% accuracy; RTSP streams
g y

[21] | Low-cost CCTV setup 92% accuracy; <$100

The gap addressed here is a practical, CCTV-based system that combines recognition, duplicate prevention, a database
and a management dashboard in one open-source package.

III. METHODS AND MATERIALS

A. System Overview

The system has two stages: student enrollment and attendance recognition. During enrollment the Student ID/USN,
name and class are entered and a facial image is captured. The face is detected and converted into a numerical face
encoding, which is stored in the database against the student record. During an attendance session the CCTV stream is
divided into frames, and each frame goes through detection, encoding and matching.

User Login
(Admin / Professor / Student)
Capture Live Attendance
(Webcam / CCTV / RTSP)
Face Detection and Recognition
(Haar / MTCNN)
Mark Attendance
(Store in MongoDB)
Generate Attendance Report
(Name + USN + Status)

Figure 3.1: Flowchart of the Smart Classroom Attendance System

Fig. 1. Flowchart of the smart classroom attendance system.

B. Processing Pipeline

(1) Video capture: frames are read from a webcam, IP camera or RTSP CCTV stream using OpenCV. (2) Face
detection: Haar cascade or MTCNN locates face regions in each frame, discarding the background. (3) Face encoding:
each face is converted into a numerical feature vector (for example, from eye spacing, nose shape and overall
structure). (4) Recognition: the vector is compared with stored encodings using a distance threshold; if no registered
student matches, the face is labelled unknown and ignored. (5) Attendance marking: for a recognised student the system
checks whether attendance is already recorded in the current session; if not, the Student ID, name, date and time are
stored. (6) Reporting: records can be viewed on the dashboard or exported to Excel.

C. Users and Use Cases

Three roles are supported: Admin, Professor and Student (Fig. 2). The Admin manages students and timetable,
configures settings, takes attendance and generates reports; the Professor takes attendance and generates reports; the
Student can view attendance reports.
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Smart Classroom Attendance System
Manage Students
(Add / Update / Delete)

Configure Settings
(Profile / System Settings)
Take Attendance
(Face Recognition)
Generate Attendance
Reports
View Attendance
Reports

Fig. 2. Use case diagram.
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D. Hardware and Software

Hardware: a classroom CCTV camera (IP camera needs a network link), and a computer for processing with sufficient
storage for encodings and records. Software: Python, OpenCV for video and image processing, the face recognition
library with NumPy for encodings, MongoDB for student and attendance data, VS Code/PyCharm for development, on
Windows or Linux. The camera should be placed so that students’ faces are captured with enough clarity.

E. Requirements

Functional: real-time capture, simultaneous multi-face handling, automatic marking with date and time, secure storage,
and report generation. Non-functional: accuracy, real-time performance, reliability, usability for non-technical staff,
scalability as the database grows, and maintainability.

IV.IMPLEMENTATION

The application connects the recognition module to the database so that a recognised student’s record is retrieved and
attendance is stored automatically. Recognition threshold, camera resolution, frame-processing rate and the duplicate
check are configurable, and were calibrated by testing so that attendance is recorded only for valid matches.

The web interface consists of a dashboard, live attendance, student management, student registration, analytics and
report pages. The dashboard (Fig. 3) shows total students, present and absent counts and attendance rate, with a seven-
day overview chart. The live attendance page (Fig. 4) shows the camera feed, the recognition result and current-session
counts, with controls to start and stop the camera. The report page (Fig. 5) exports attendance records, with student
name, USN, date, time and status, from MongoDB to an Excel file.

Dashboard

Good morning, Admin

m @
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Fig. 3. Dashboard of the SmartAttend apliaion.
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Fig. 5. Attendance report generation page.
V. RESULTS AND DISCUSSION
The system was tested at unit, integration, functional, system and acceptance levels. Unit tests exercised each module
separately; the results are in Table II. All ten test cases passed, including rejection of unknown faces and prevention of

duplicate entries.

TABLE II. UNIT TEST CASES AND RESULTS

I | Test case Expected outcome | Result
D
1 | Student Details accepted and | Pass
registration stored
2 | Face capture Valid face image Pass
captured
3 | Face detection Face detected in Pass
input image
4 | Face encoding | Valid encoding Pass
generated
5 | Face matching | Registered face Pass
matches
6 | Student Correct ID and Pass
identification name found
7 | Unknown face | Not assigned to a Pass
handling student
8 | Attendance Recognised student | Pass
marking marked present
9 | Duplicate check | No second entry in a | Pass
session
10 | Database Attendance stored Pass
storage correctly
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Integration and system tests confirmed correct data flow from CCTV capture through detection, recognition, attendance
and database storage. System tests covered a single student, multiple students, different positions and orientations,
varied lighting, registered and unregistered faces, repeated appearances, and temporary camera or network faults.
Acceptance testing verified correct stored records, dashboard counts, and Excel reports whose names, USNs, dates,
times and statuses matched the database.

Limitations: recognition accuracy depends on camera quality, placement, lighting and face angle, and large-scale
accuracy figures have not yet been measured on a full class. Face recognition alone does not completely prevent proxy
attendance, since a photograph or video could be shown to the camera; anti-spoofing is therefore needed.

VI. CONCLUSION AND FUTURE WORK

An Al-based smart attendance system using face recognition and a CCTV camera was developed. It automates
enrollment, detection, encoding, recognition and attendance recording, avoids duplicate entries, stores records in a
database and exports reports, reducing manual effort and classroom time.

Future work includes multiple cameras for larger rooms, stronger deep-learning models for pose and low-light
robustness, anti-spoofing/liveness detection, cloud storage and analytics, a mobile app with notifications, role-based
access control, automatic attendance-percentage calculation, a student portal, and integration with college management
systems.
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