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Abstract 

 

Attendance management is a critical administrative function in educational institutions; however, 

conventional methods such as manual roll calls are time-consuming, error-prone, and susceptible to 

proxy attendance. This study proposes an automated attendance system based on enhanced face 

detection and recognition techniques, offering a contactless and efficient solution. The system utilizes 

a webcam for real-time image acquisition and incorporates adaptive preprocessing methods, 

including 

contrast stretching and brightness normalization, to ensure robustness under varying illumination 

conditions. Face detection is performed using multiple Haar Cascade classifiers, while recognition is 

achieved through a hybrid template matching approach with adaptive thresholding. A human-in-the-

loop verification mechanism is introduced to minimize false recognition, and attendance is recorded in 

an Excel format with duplicate prevention. Experimental evaluation demonstrates reliable real-time 

performance without relying on computationally intensive deep learning models. Without using 

computationally demanding deep learning models, experimental evaluation shows dependable real-

time performance. The system is appropriate for real-world classroom and small-scale institutional 

applications because it delivers consistent accuracy and low processing latency under a variety of 

environmental conditions. Additionally, its lightweight architecture makes it simple to deploy on 

common computing equipment. 
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Introduction 

Attendance management is an essential administration need for educational institutions, training centers, and organizations, as it has a 

direct influence on academic evaluation, regulatory compliance, and operational planning. Correct recording of attendance helps to 

monitor the participation and performance of students and staff and ensures accountability in various aspects. Regardless of its prime 

importance, attendance tracking in several institutions continues to rely on some conventional approaches like manual roll calls, paper 

registers, or sign-in sheets. These methods are time-consuming, cumbersome, and heavily dependent upon human supervision, leading to a 

number of errors like incorrect marking, missed entries, and intentional proxy attendance. 

Various automated solutions have thus been proposed to address these limitations. RFID and barcode-based systems, though decreasing 

manual effort, are still susceptible to misuse by card sharing or duplication [10]. Biometric systems based on fingerprint improve identity 

verification accuracy but require physical contact and dedicated hardware and hence raise several concerns regarding hygiene, sensor wear, 

and user convenience issues [11]. On the other hand, face recognition has emerged as a promising contactless biometric modality owing to 

its non-invasive nature, along with minimum interaction on the part of the user [12][15]. 

Modern advancements in computer vision have greatly enhanced the face detection and recognition processes. Ironically, the application 

of face recognition technology in real-world settings within classrooms still poses challenges. These factors, such as lighting conditions, 

facial orientation, occlusions, camera resolutions, and background complexities, often tend to affect the accuracy of the face recognition 

technology adversely [3][13]. Additionally, traditional face recognition technology-based automated attendance systems often fail to take 

into account conditions such as false recognition, repeat presence records, and real-time processing [8]. Methods incorporating deep 

learning have not only provided excellent results but often demand large datasets, large storage, and GPU support, thereby posing 

challenges to smaller institutions [9][14]. 

The construction of a lightweight and useful facial recognition-based attendance system that prioritizes dependability, efficiency, and 

practical applicability without depending on computationally demanding deep learning models [9][14] is what makes this study novel. In 

contrast to traditional methods, the suggested system incorporates adaptive thresholding and a hybrid face recognition mechanism to 

improve decision accuracy in a range of environmental circumstances [6][12]. In order to reduce false positives and enhance system 

reliability in real-time deployments, a human-in-the-loop verification module is also included [7]. Additionally, a duplicate-resistant 

attendance tracking technique is introduced by the system, which guarantees data integrity by prohibiting multiple inputs inside a session. 

Additionally, resistance against changes in illumination is improved by the application of adaptive picture preprocessing techniques, such 

as contrast stretching and brightness normalization [3][4]. 

This work aims to solve the aforementioned issues by developing a face detection and recognition-based automated attendance 

management system that employs improved face detection and recognition methods tailored for practical usability. It includes adaptive 

image preprocessing techniques to remove the effects of light variations in images, the use of more than one Harr Cascade Classifier to 

increase the accuracy of face detection, and the incorporation of a hybrid face recognition method that involves adaptive thresholding to 

increase the reliability of the decisions [3][5][6]. In addition to that, a validation method involving the assistance of the user is also 

included in the system to increase accuracy by minimizing false positives [7]. 

Literature Survey 

Automated attendant management has been an important area for research. This is due to various issues associated with manual methods. 

Traditional methods of student or employee attendance only used mark registration and manual calling out of register entries. These 

methods led to various issues like efficiency and cheating of presence [1][2]. To overcome these issues, various methods started using 

barcode or QR code or even RFID cards for entry and exit. This reduced rates of cheating and increased efficiency. However, various 

issues like cheating using cards or entry into restricted areas [10] arise due to these methods. 

Fingerprint-based biometric solutions for taking attendance were also employed to improve the accuracy of identification. These systems 

helped to reduce the number of instances of proxy participation effectively. However, these solutions require contact with sensors, 

resulting in issues related to hygiene and increasing the number of worn-out sensors. Fingerprint recognition is also expected to be 

affected by the presence of moisture or dirt on fingerprints. 

Face recognition-based attendance management systems became popular due to the non-contact nature and ease of use. Traditionally, 

computer vision techniques for face recognition using Haar Cascade classifiers, introduced by Viola and Jones, became popular for facial 

detection in images [5]. These techniques require less processing and are appropriate for use in a real-time system. For actual facial 

recognition, methods such as Eigenfaces, PCA, and LBPH became popular [12]. Although these methods require less processing, they are 

highly affected by illuminations, poses, and occlusions [3], [13]. 
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Recent years have seen major improvements in the accuracy of face recognition systems owing to advances made in deep learning methods. 

Models based on the convolutional neural network, Deep Face and Face Net, were able to reach near-human levels of performance using 

large-scale data to learn facial discriminative embeddings [9, 14]. Although these systems have proved highly successful, they are quite 

costly and require significant computational resources, along with large amounts of annotated data, to be implemented effectively, which 

is not possible at small academic institutions. 

Several papers proposed face recognition approaches to build an attendance system through deep learning, but most of them lack practical 

evaluation regarding unconstrained environments and handle issues such as false recognition, duplicate attendance, and usability [8]. 

Also, little focus has been accorded to aspects regarding user verification, robustness, and implementation feasibility. This emphasizes a 

need to propose a more feasible and effective approach that considers efficiency, effectiveness, and practicality in designing an attendance 

system. 

Problem Statement 

The conventional method of absentee management through human presence detection, such as manual roll calls and register marking, is 

inefficient and may result in errors or proxies [2]. Although biometric techniques are more efficient and automated, there are difficulties in 

the cost of hardware, cleanliness, and ease of use [11]. Face recognition-based absentee management systems are contactless; however, they 

might lack robustness performance even when faced with lighting changes, camera capability, and facial obstructions [3][13]. Moreover, 

there may not be a provision for the avoidance of duplicate mark entries or the confirmation of indeterminate detection results [8]. The 

research gap, therefore, lies in the development of a reliable, real-time, contactless absentee management system resistant to duplicate 

absentee entries and working with a standard hardware platform. 

Objectives 

The proposed research work focuses on the development of the automated attendance management system with the following objectives: 

increase the accuracy of face detection when exposed to lighting changes [3], minimize the false recognition problem through adaptive 

thresholding [6], assist the verification process with user input to increase its reliability [7], and do away withrepeated entry of student 

attendance [8]. The proposed automated system should work efficiently with real-time processing without the computational overhead of 

deep learning techniques [9]. 

Proposed Architecture 

The proposed system architecture for automated attendance management is shown in Fig 1. To ensure effective and dependable operation, 

real-time image acquisition, preprocessing, face identification, recognition, and decision-making modules are integrated. 

 

Fig. 1. Architecture of Proposed System 



Open Access International Journal of Science and Engineering, 9(1s), 2026 

 

150 

For effective real-time face recognition, a sequential pipeline is used in the suggested system architecture for automated attendance 

management. A camera input module starts the process by recording a live video stream, which is subsequently sent to the preprocessing 

phase. During this phase, adaptive picture enhancement methods like brightness adjustment, grayscale conversion, and Contrast Limited 

Adaptive Histogram Equalization (CLAHE) are used to improve the visibility of facial features and equalize differences in illumination. 

The face detection module receives the processed frames and uses Haar Cascade classifiers to precisely locate facial regions in the frame. 

The system uses an embedding and matching technique to accomplish facial recognition after detection, allowing identification extraction. 

Robustness, precision, and performance are all improved by this methodical approach in a variety of environmental circumstances. 

After the recognition step, the judgment module determines whether the detected person matches a registered user or an unknown user by 

analyzing the matching findings using an adaptive thresholding technique. In order to ensure accuracy and avoid duplicate entries, the 

system automatically logs the date and time of attendance if the user is recognized. On the other hand, if the user cannot be identified, the 

system starts a registration process by collecting fresh facial information for further identification. A centralized data storage module is 

used to store all attendance records and facial embeddings, and it keeps organized Excel-based logs. This design guarantees effective data 

retrieval, management, and integrity. The total design offers a dependable, scalable, and useful solution appropriate for institutional and 

real-time classroom attendance tracking systems. 

Methodology 

The design of the proposed auto-attendance system involves a structured process of image acquisition, adaptive image preprocessing, face 

detection, face recognition, user verification, and attendance recording. Real-time facial images are taken using a conventional webcam 

with a contactless data acquisition capability appropriate for a class setting [12]. To compensate for illumination changes, preprocessed 

frames are converted into grayscales and processed using contrast stretching and brightness normalization algorithms beneficial for 

enhancing facial landmarks even under unidirectional lighting [3][4]. Face recognition is accomplished using a combination of multiple 

Haar Cascade classifiers preventing missed detections even with changing facial orientations and sizes [5]. Duplicates are removed from 

detected faces, and the largest one is selected for processing. A combination of multiple similarity scores with an adaptive threshold is 

utilized for a reliable decision-making process of face recognition [6]. False positives are eliminated using a human-assisted name 

verification system before allowing attendance confirmation [7]. Recorded attendance is generated in an Excel-based system with a self-

protected functionality against duplicates for a guaranteed integrity of data [8]. 

Implementation Overview 

An automated attendance management system has been developed using Python in a modular and deployment-centric way. This system 

makes use of the OpenCV library for image capture, processing, and face recognition [5][12]. All mathematical calculations and array 

manipulation have been carried out using the NumPy library, and Pandas libraries were used for data manipulation [8]. Images of faces 

will be saved locally to build a lightweight face database, thus requiring an extra biometric board to be absent in deployment [1]. 

Multiple Haar Cascade classifiers are combined to improve face detection reliability in unconstrained classroom environments [5]. It helps 

to reduce missed detections due to pose variations and partial occlusions. The captured images are subjected to adaptive preprocessing, 

including grayscale conversion and CLAHE, to handle illumination variations [3][4]. These detected facial regions are normalized for 

consistency during the recognition stage. 

Face recognition is carried out using the hybrid template matching approach that offers multiple similarities and adaptive thresholding [6]. 

This makes possible accurate identity match-ups and efficient suppression of false positives in small to medium scale systems. To further 

improve system integrity, the human-in-the-loop verification module is implemented that enables the user to verify and or edit the 

matched identities before final recording of attendance is made, which is recommended in biometric guidelines [7]. Attendance is 

automatically registered in date and time-stamped form in the Excel file, implementing the dupe entry preventer [8]. The system is real-

time and deces in common computers, proving that optimal classical computer vision can effectively deliver accurate automatic 

attendance in an academic setup [3][5]. 

Fig 2. displays the attendance statistics produced by the proposed method, offering insights into attendance patterns at both the individual 

and temporal scales. The total attendance for every student is represented in the upper graph, which shows steady engagement throughout 

several sessions. Although individual presence patterns can account for variations in student attendance, the system effectively obtains and 

records attendance data without duplication. This illustrates how well suggested system's automated recording method works. The 

automated process guarantees accurate and organized data logging, in contrast to manual attendance systems, which are vulnerable to 

human mistake and inconsistency [1][2]. 
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Fig. 2. Attendance Statistics 

The lower graph highlights daily attendance variations and shows the attendance growth over time. The steady rise and variations in 

attendance are representative of real-world classroom situations, where participation may differ for a variety of reasons. These temporal 

fluctuations are successfully captured by the system, indicating that it can function in real-time settings. Particularly in different 

illumination situations, excellent face localization is ensured by the use of robust face identification employing Haar Cascade classifiers 

[5] and adaptive preprocessing approaches [3][4]. Additionally, the human-in-the-loop verification mechanism [7] reduces false positives, 

while the use of a hybrid recognition approach with adaptive thresholding [6] improves identity matching accuracy. 

The suggested approach provides a contactless and effective solution for conventional and biometric systems like RFID [10] and 

fingerprint-based attendance [11][15] while retaining similar reliability. Furthermore, the suggested improvements increase consistency in 

detection and recognition, whereas traditional face recognition methods [12][13] frequently experience performance degradation under 

environmental fluctuations. As a whole, the findings show that the system offers efficient data visualization and reliable, real-time 

attendance tracking, making it appropriate for real-world implementation in educational environments [8]. 

Results And Discussion 

Fig. 3. Comparative Accuracy Comparison 

Fig 3 compares the performance of the proposed face recognition-based approach with conventional attendance systems. The values 

shown for existing systems represent estimated performance patterns obtained from literature for the purpose of comparison presentation. 

Manual attendance methods have the lowest reliability since they are time-consuming, vulnerable to human error, and prone to proxy 

attendance [1]. RFID-based systems improve operational efficiency, but their efficacy is still moderate because card sharing still makes 

them vulnerable to exploitation [10][16]. Fingerprint-based biometric systems are more accurate because of the uniqueness of fingerprints; 

however, they require specific hardware and in-person interaction [11][15][17]. Basic facial recognition systems provide a contactless 

option, but their efficacy is impacted by environmental elements such as lighting and position changes [12][13][18]. 

The proposed system achieves an accuracy of approximately 83% while maintaining a lightweight and cost-effective architecture, 

demonstrating competitive performance in comparison to existing techniques. While fingerprint-based systems demonstrate considerably 

higher accuracy, the proposed approach offers significant advantages in terms of usability, scalability, and non-invasive operation. 

Adaptive preprocessing techniques [3][4], Haar Cascade classifiers for robust face detection [5], and adaptive thresholding for hybrid 

recognition [6] all improve performance consistency. Additionally, a human-in-the-loop verification method increases dependability by 

reducing false positives [7]. Overall, the results indicate that the proposed system is suitable for real-time classrooms and small-scale 

institutional contexts because it provides a feasible balance between accuracy, efficiency, and deployment viability [8][18]. 
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Limitations 

Though the proposed automated attendance system is highly efficient in real-time processes, there are some drawbacks that are to be 

acknowledged. The proposed system lacks liveliness checking techniques. Thus, it is vulnerable to photo screen attacks. This is also a 

prevailing issue in most biometric systems [15]. Even though semi-automation involving user verification works effectively in this context 

[7], liveliness checks are necessary in high-security applications. The use of Haar Cascade classifiers in face detection also has some 

limitations regarding pose variations and backgrounds [5] & [13]. 

The efficiency of the hybrid template matching method is optimal in small to medium-scale implementations; still, there can be scalability 

concerns when dealing with large databases of facial images, which can affect the efficiency and effectiveness of the system [6][12]. 

Moreover, adaptive processes have not overcome issues caused by adverse illumination conditions; thus, conditions like backlighting and 

dim illumination can make the system ineffective [3][4]. Another important issue is that related to privacy and data protection, which can be 

ignored if the stored facial images are not handled and accessed in an authorized manner [15][7]. The system evaluation has so far been 

carried out in controlled classroom settings; still, further testing is needed [8]. 

Future Enhancement 

Future improvements of the proposed attendance system will emphasize robustness, scalability, security, and ethical use. One of the key 

improvement paths is the development of liveness detection, for example, using blink detection, motion consistency, or texture-based anti-

spoofing approaches, to resist replay attacks using images or videos. The integration of lightweight deep learning models for liveness 

detection, preserving real-time processing, is an attractive approach. Another significant improvement area is the shift from traditional 

template matching to embedding-based facial recognition models, allowing for more efficient scalability and separation in handling more 

significant user populations. 

To make it more robust in unconstrained environments, the following may be used in future iterations: pose normalization, face alignment, 

and extraction of illumination-invariant features. Further, the following mechanisms should be adopted to modulate the confidence level 

and measure the level of uncertainty: confidence level calibration, and mechanisms for estimating the level of uncertainty. From the 

perspective of the system, mechanisms for proper handling and management of data in a secured manner, such as the use of encryption for 

data storage and logging into the system for access, should be adopted. Further, federated learning techniques should also be explored to 

minimize the need for the central server to store the biometric images. 

Conclusion 

This paper described an automatic attendance management system developed using improved face detection and recognition algorithms 

tailored and developed for use in practical institute settings. The system, which integrates adaptive image processing, multi Haar Cascade 

classification, and adaptive template matching algorithms, can operate in real time without requiring the use of complex deep learning 

models that consume considerable processing resources and power. The main originality in this study is the integration of human-in-the-

loop validation processes, which greatly minimize the chances of mistaken identity and improve system reliability. The observations and 

results obtained while testing this system demonstrate effective face location and recognition, and successful logging and prevention of 

duplicated records entry. Compared to other common methods and basic biometric systems used in manual and automated attendances, 

respectively, this proposed system is efficient, effective, and inexpensive to implement in small to medium-scale settings. 

Notwithstanding its current drawbacks and shortcomings in scalability and anti-spoofing capabilities, there is scope to further extend and 

improve this system to have live person detection and embedding-based methods together with its successful and privacy-compliant 

implementation models. 
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