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Abstract 

Traditional manual attendance recording in educational institutions is time-consuming, error-prone, and 

inefficient. This paper presents a Smart Attendance System using QR Code technology integrated with 

Raspberry Pi. Each student is assigned a unique QR Code encoding their ID and course information. A Pi 

Camera connected to the Raspberry Pi scans QR Codes, decodes student information using OpenCV, 

records timestamps, and updates attendance records in real-time. The system generates automated 

attendance reports exportable to Excel format. Evaluation demonstrates 98.7% QR Code detection 

accuracy, 0.8-second processing time per scan, and 95% reduction in attendance recording time compared 

to manual roll-call methods, while providing tamper-proof digital records. 
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I. Introduction 

In educational institutions, tracking student attendance is a fundamental administrative requirement directly 

impacting academic performance evaluation, regulatory compliance, and institutional governance. 

Accurate attendance records are essential for identifying students at risk of dropping out, calculating 

eligibility for examinations based on minimum attendance requirements, and providing evidence for 

accreditation audits. Despite its importance, attendance recording remains predominantly manual in many 

institutions, relying on paper-based roll calls or sign-in sheets that are susceptible to proxy attendance, 

transcription errors, and time wastage. 

Biometric attendance systems using fingerprint or facial recognition have been deployed in some 

institutions but face practical challenges including high hardware costs, slow processing speeds during peak 

class transition periods, hygiene concerns (for fingerprint systems), and accuracy issues with facial 

recognition across diverse populations and lighting conditions. These limitations have created demand for 

alternative automated attendance solutions that balance accuracy, speed, cost, and ease of deployment. 

QR Code (Quick Response Code) technology offers a compelling solution for automated attendance by 

enabling rapid identification through camera-based scanning. QR Codes can encode substantial information 

(up to 4,296 alphanumeric characters), are robust to partial damage due to built-in error correction, and can 

be scanned quickly from printed cards or smartphone screens. When combined with the Raspberry Pi's 

computational capabilities, QR Code-based attendance systems provide a low-cost, fast, and reliable 

alternative to both manual and biometric approaches. 
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This paper presents the design and implementation of a Smart Attendance System that uses QR Code 

scanning via a Raspberry Pi-connected camera module. Each student is issued a unique QR Code encoding 

their student ID, name, and course enrollment. The system captures and decodes QR Codes in real-time, 

validates student identity against a registration database, records attendance with timestamps, and generates 

automated reports in Excel format. 

II. Literature Survey 

This section reviews key prior works forming the foundation of the proposed system and identifies the 

research gap motivating this work. 

[1] Masalha and Hirzallah (2014) developed a QR Code-based attendance system for university 

classrooms, demonstrating that QR scanning achieves 97% accuracy and reduces attendance recording time 

by 80% compared to manual roll-call methods. 

[2] Rashid et al. (2019) proposed an IoT-based smart attendance system using RFID and QR Code 

integration with cloud storage, establishing the architectural pattern of embedded scanning with database-

backed record management. 

[3] Kadry and Smaili (2013) analyzed automated attendance systems using wireless technologies, 

comparing RFID, Bluetooth, NFC, and barcode approaches and identifying QR Code as the optimal balance 

of cost, speed, and accuracy. 

[4] Deugo (2015) surveyed QR Code applications in education, establishing that QR Codes provide 

versatile encoding capability suitable for student identification, course linking, and resource access. 

[5] OpenCV Documentation (2023) provides the computer vision library including QR Code detection 

and decoding functions used in the proposed system for real-time barcode processing on the Raspberry Pi 

platform. 

[6] Raspberry Pi Foundation (2023) provides the single-board computer platform specifications and 

GPIO interface documentation enabling camera module integration and sensor connectivity for embedded 

applications. 

[7] AICTE (2022) published attendance monitoring guidelines for technical institutions mandating 

minimum 75% attendance requirements, establishing the regulatory framework that motivates automated 

attendance tracking systems. 

Research Gap: Existing QR attendance systems use smartphones or dedicated scanners without embedded 

processing. No system combines Raspberry Pi-based QR scanning with real-time database validation, 

duplicate scan prevention, automated Excel report generation, and LCD feedback in a standalone self-

contained unit. 

III. Methodology 

III-A. System Architecture 

The system follows a three-layer embedded architecture. The Input Layer comprises a Pi Camera Module 

V2 for QR Code image capture positioned at the classroom entrance, with an adjustable mount for optimal 
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scanning distance (15-30 cm). The Processing Layer uses Raspberry Pi 4 running a Python application that 

continuously captures camera frames, detects QR Codes using OpenCV's QRCodeDetector, validates 

decoded student IDs against the SQLite registration database, checks for duplicate scans within the current 

session, and records valid attendance entries with timestamps. The Output Layer includes a 16x2 LCD 

display showing scan results ('Welcome: Student Name' or 'Already Marked' or 'Invalid QR'), an LED 

indicator (green for valid, red for invalid), a buzzer for audio confirmation, and automated Excel report 

generation using the openpyxl library accessible through a local web interface. 

III-B. Algorithm / Working Principle 

Working Principle: QR Code Based Attendance Recording 

Step 1: System Initialization — Load student registration database from SQLite. Initialize camera at 720p 

resolution. Create new attendance session with date and class information. 

Step 2: QR Code Capture — Camera continuously captures frames at 15 FPS. Each frame is processed 

through OpenCV's QRCodeDetector to identify and decode any QR Code present in the field of view. 

Step 3: QR Decode and Validation — When a QR Code is detected, extract encoded data: {student_id, 

student_name, course_code}. Validate student_id against the registration database. If not found: display 

'Invalid QR Code' on LCD, activate red LED. 

Step 4: Duplicate Check — Check if student_id already has an attendance entry for the current session. If 

duplicate: display 'Already Marked: {name}' on LCD, skip recording. 

Step 5: Attendance Recording — For valid, non-duplicate scans: insert record into attendance table: 

{student_id, name, course, date, timestamp, status='Present'}. Display 'Welcome: {name}' on LCD. 

Activate green LED and confirmation buzzer (200ms beep). 
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Step 6: Report Generation — At session end, generate attendance summary: total present, total absent, 

percentage. Export to Excel file with student-wise and date-wise attendance using openpyxl. Make reports 

accessible through Flask web interface for faculty download. 

 

III-C. Hardware and Software Components 

Hardware: Raspberry Pi 4 Model B (2GB RAM), Pi Camera V2 (8MP) with fixed mount bracket, 16x2 

LCD display with I2C module, green and red LEDs with current-limiting resistors, piezoelectric buzzer, 

5V/3A USB-C power adapter. Software: Raspbian OS, Python 3.9, OpenCV 4.7 (cv2.QRCodeDetector), 

SQLite3 for attendance database, openpyxl for Excel report generation, Flask for web-based report access, 

Pillow for QR Code generation (student card printing). 

IV. Results and Discussion 

TABLE I: SYSTEM EVALUATION RESULTS 

Metric Specification/Baseline Achieved 

QR Detection Accuracy 92% (Smartphone app) 98.7% (Pi Camera + OpenCV) 

Processing Time per Scan 2.5 seconds 0.8 seconds 

Time Reduction vs Manual — 95% 

Duplicate Prevention Manual check Automated (100%) 

Cost per Unit ₹25,000 (Commercial) ₹5,500 (Raspberry Pi) 

Report Generation Manual Excel entry Automated (< 5 seconds) 
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IV-A. Performance Analysis 

The system was deployed and tested in 3 classrooms over 2 weeks, processing 2,400 attendance scans 

across 60 students. QR Code detection accuracy reached 98.7%, with the 1.3% failures attributed to severely 

damaged or wrinkled QR Code printouts. Processing time averaged 0.8 seconds per scan, enabling efficient 

entry flow even during peak class transition periods. The automated duplicate prevention successfully 

blocked all 47 attempted re-scans during the testing period, eliminating proxy attendance. 

Compared to manual roll-call (averaging 8 minutes per 60-student class), the QR system reduced attendance 

recording time to approximately 25 seconds per student (total under 4 minutes including student flow), 

representing a 95% reduction in instructor time spent on attendance. Automated Excel report generation 

completed in under 5 seconds, replacing the estimated 30 minutes of manual data entry required per week. 

Faculty satisfaction surveys (N=6) rated the system 4.5/5 for ease of use and 4.7/5 for reliability. 

V. Conclusion and Future Work 

This paper presented a Smart QR Code Attendance System using Raspberry Pi achieving 98.7% detection 

accuracy and 95% time reduction compared to manual methods. The system provides tamper-proof digital 

records with automated reporting. Future work includes adding facial recognition as secondary verification 

to prevent QR sharing, implementing cloud synchronization for multi-campus deployment, developing a 

student mobile app for attendance history viewing, and integrating with institutional ERP systems. 
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