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Abstract

Precise face detection is essential in biometric systems because it directly affects the efficiency of feature extraction and recognition.
Mistakes at this point can spread, making strong detection crucial for dependable face recognition. Face detection is an essential element
of biometric authentication systems, facilitating applications such as secure access control, surveillance, and identity verification.
Identifying faces in unrestrained settings, particularly those with intricate backgrounds, presents considerable difficulties due to changes
in lighting, posture, obstructions, and crowd thickness. This study assesses the effectiveness of traditional Face Detection techniques,
notably the Haar Cascade algorithm, by utilizing the WIDER FACE dataset, which includes a wide range of authentic and varied images.
Experimental findings indicate that although Haar Cascade is efficient in computation and appropriate for real-time use, its accuracy in
detection markedly decreases in challenging and uncontrolled settings. The research emphasizes the shortcomings of traditional methods
and offers guidance for developing resilient biometric systems in practical situations.
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1. Introduction

Face detection is a crucial component of face recognition systems, tasked with accurately locating facial features before feature
extraction and identity comparison. In biometric authentication systems, the accuracy of detection significantly influences recognition
dependability, since inaccurately positioned faces can cause interference and misalignment in feature representations.

Traditional face detection methods, especially Haar Cascade classifiers, are frequently utilized because of their effectiveness in
computation and capability for real-time operation. Nevertheless, these techniques were mainly developed for controlled settings and
show constrained resilience in intricate real-world situations.

Contemporary face recognition technologies are progressively requiring dependable identification in unregulated environments, such
as bustling settings, fluctuating lighting, obstruction, and varied surroundings. This research assesses the effectiveness of traditional
detection methods in these difficult scenarios by conducting systematic experiments with benchmark datasets and live camera feeds.

However, real-world applications often involve Unconstrained Environments with Complex Backgrounds, variable lighting, diverse
poses, occlusions, and multiple faces in the same frame. These conditions challenge the robustness of classical detectors.

The WIDER FACE dataset is tailored to assess detection algorithms in difficult conditions, featuring images with crowded scenes,
obscured faces, and significant changes in scale and lighting. This paper examines the effectiveness of Haar Cascade on WIDER FACE
and analyses its appropriateness for Biometric Authentication systems.

2. Literature review

The Haar Cascade method, introduced by Viola and Jones (2001), was among the initial real-time techniques for face detection. It
utilizes basic Haar-like features, integral images, and a cascade classifier framework with AdaBoost for selecting features. Although

JETIR2602623 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ g194


http://www.jetir.org/

© 2026 JETIR February 2026, Volume 13, Issue 2 www.jetir.org (ISSN-2349-5162)
very effective, its performance may decline in intricate situations. Additional traditional techniques comprise HOG+SVM and Local
Binary Patterns (LBP), offering moderate resilience against changes in illumination and scale but continue to face challenges with
occlusion and busy backgrounds.

Recent datasets such as WIDER FACE offer a standard for assessing face detection in unconstrained settings. Numerous studies have
shown that traditional methods, despite being computationally efficient, lack robustness when faced with occlusion, variations in pose,
or intricate backgrounds. Deep learning techniques surpass traditional methods but demand greater computational power.

A Haar Cascade Classifier method for face recognition was presented in a report by Garg and Garg. Their facial recognition method
relied on the geometric characteristics of a face, which is likely the most instinctive approach to human identification. The entire
procedure was split into three main stages, with the initial stage focused on locating a suitable database of faces featuring numerous
images for each individual. The subsequent step involves identifying faces in the images from the database and utilizing them to train
the face recognizer, followed by testing the face recognizer to identify faces.

Face detection techniques can be divided into four primary categories: Knowledge-based, Feature-invariant, Template matching, and
Appearance-based techniques. The Viola-Jones framework for object detection marks a major advancement in real-time face detection
and is popular for its effectiveness. Viola and Jones presented the idea of Haar-like features along with AdaBoost for choosing optimal
features and a series of classifiers for enhanced detection speed. OpenCV offers a pre-trained model using this framework for detecting
faces. Various other methods, including CNN-based detectors, HOG + SVM, and deep learning frameworks like MTCNN and YOLO,
are currently employed for advanced and resilient face detection systems. Despite this, Haar Cascade continues to be a lightweight and
effective approach appropriate for numerous real-world applications with restricted computing resources.

3. Classical Face Detection Methodology

The research employs the Haar Cascade classifiers in OpenCV for detecting faces. Detection using Haar is based on manually created
rectangular Haar-like features, combined with the AdaBoost learning algorithm and structured in a cascading framework. This cascading
framework allows for the swift removal of non-facial areas, greatly enhancing computational efficiency.

While Haar Cascades provide quick and dependable detection for frontal faces, their efficacy is heavily influenced by uniform lighting,
clear visibility of the face, and alignment of the frontal pose. The detector analyses grayscale images and conducts multi-scale scanning
to identify possible face areas at different image sizes.

In the established framework, the identified bounding boxes are forwarded to later face recognition phases for additional processing.
The assessment of detection performance is conducted through both qualitative and quantitative methods utilizing standard benchmark
datasets and live camera feeds.

Classical Face Detection Methodology

o Lavenle (Chansiler

3.1 Haar Cascade Face Detection

The Haar Cascade detector operates in the following steps:

1. Feature Extraction: Uses Haar-like rectangular features to detect patterns resembling facial structures.
2. Integral Image Computation: Enables fast calculation of rectangular features over the entire image.

3. AdaBoost Feature Selection: Selects the most significant features for face vs non-face classification.
4. Cascade Classification: Rejects non-face regions quickly and focuses computation on likely face areas.
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Haar Cascade is known for its real-time detection capability, making it suitable for low-resource devices and Biometric Authentication
systems where speed is critical.

How it Works for Face Detection

1. Convert the image to grayscale (Haar features work on intensity).
2. Slide a window over the image at multiple scales.
3. Compute Haar features for the window.
4. Pass the features through the cascade of classifiers:
o If it passes all stages — face detected.
o If it fails at any stage — discard window.
5. Return the bounding boxes for detected faces.

3.2 Dataset: WIDER FACE
WIDER FACE is a large-scale face detection benchmark with:

. 32,203 images containing 393,703 Labeled faces
. Extreme pose variations and occlusions

. Diverse lighting conditions

. Dense crowds and Complex Backgrounds

This dataset is perfect for evaluating the reliability of face detection algorithms in uncontrolled settings

3.3 Evaluation Metrics

The performance of Haar Cascade was evaluated using:

. Precision: Proportion of detected faces that are true positives

. Recall: Proportion of true faces detected

. F1-Score: Harmonic mean of precision and recall

. Detection Speed: Frames per second (FPS) for real-time performance

4. Experimental Setup

The evaluation of the detection framework utilizes the WIDER FACE dataset, featuring images taken in uncontrolled settings like busy
public areas, differing face sizes, obstructions, diverse poses, and intricate backgrounds. This guarantees that the assessment accurately
represents actual biometric deployment scenarios.

4.1 System Evaluation Framework

The overall experimental pipeline is illustrated below:
Input Image /
Live Camera Frame
|
v
Preprocessing
(Resize, Normalize)
|
v
Face Detection Model
|
v
Bounding Box Output
|
v
Performance Analysis
(Missed, FP, Quality)
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Alongside dataset-based testing, live experiments are performed utilizing a real-time camera feed to replicate deployment scenarios.
The evaluation of the system is conducted based on:

* Different levels of illumination (dim, moderate, bright light)

* Varying distances from the subject to the camera

* Various face angles (frontal, semi-side, side)

* Lively and busy backdrops

4.2 Mathematical Representation
Let an input image be represented as:

[eRH*WxC

where:

. (H) = height

. (W) = width

. (C) = number of channels

The face detection model ( f(\cdot) ) predicts a set of bounding boxes:
B=f(I)={bl1,b2,...,bn}

Each bounding box ( b_i) is defined as:

bi=(xi,yi,wi,hi,si)

where:

. (x_1i, y_i) = top-left coordinates
. (w_1, h_i) = width and height

. (s_i) = confidence score

4.3 Evaluation Criteria

(1) Detection Consistency

Detection consistency across frames is measured as:
C=Nstable/ Ntotal

where:
. (N_ {stable}) = number of consistently detected faces across consecutive frames
. (N_ {total}) = total detection instances

(2) Missed Detection Rate (MDR)
MDR=FP/TP+FN

where:
. (TP) = True Positives
. (FN) = False Negatives

(3) False Positive Rate (FPR)
FPR=FP/FP+TN

where:
. (FP) = False Positives
. (TN) = True Negatives

(4) Bounding Box Quality (IoU)
Bounding box localization quality is evaluated using Intersection over Union (IoU)= Area(BpredUBgt)/Area(BpredNBgt)

where:
. (B_{pred}) = Predicted bounding box
. (B_{gt}) = Ground truth bounding box

Higher IoU values indicate better localization accuracy.

4.4 Practical Evaluation Perspective (Comparative Analysis)
Rather than depending exclusively on rigid numerical accuracy metrics, this experimental arrangement emphasizes:
* Consistency in ongoing detection
* Decrease in overlooked detections
* Reduction of false positives
* Precise localization of facial areas

This method coincides with the practical goals of biometric preprocessing systems, where reliable and consistent face localization is
crucial for the following recognition, tracking, or verification phases.

Haar Cascade was utilized across three levels of difficulty in the WIDER FACE dataset: Easy, Medium, and Hard.
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Difficulty Precision ||Recall ([F1-Score Observations

Easy 0.89 0.82 0.85 Performs well in images with clear faces and simple
backgrounds

Medium 0.76 0.68 072 Affect(_ed by partial occlusions and moderate
crowding

Hard 058 0.45 0.51 Struggles with small-scale faces, heavy occlusion,
and Complex Backgrounds

Key Findings:

* Haar Cascade ensures a rapid detection rate, ideal for real-time biometric applications.
* Accuracy diminishes in Unconstrained Settings with crowded areas and intricate backdrops.
* Faces that have significant pose variations or are partially obstructed are often overlooked.

* The algorithm produces false positives in environments with busy backdrops.

5. Detection Performance in Complex Environments

Experimental assessments show that the Haar-based face detection algorithm operates effectively in controlled environments, especially
for frontal faces photographed in moderate lighting and with low background interference. In these situations, detection precision stays
consistent and computationally effective.

Nonetheless, performance declines markedly in complicated and unregulated settings. In the WIDER FACE dataset, characterized by
dense crowds, varying scales, occlusions, and varied backgrounds, the detector often struggles to detect all faces present. Detection
rates are significantly lower for small-scale and non-frontal (side-profile) faces. Moreover, overlapping faces and partial occlusions
decrease detection recall even more.

False positives occur in busy backgrounds, especially when the background elements resemble face-like shapes. Areas with low contrast
raise the chances of incorrect classification.

Experiments with live cameras uncover further restrictions. Detection stability diminishes in the presence of uneven or quickly changing
lighting, resulting in varying bounding boxes and occasional face vanishing. Motion blur and quick head movements lessen reliability,
showing susceptibility to changes in dynamic scenes.

These results indicate that Haar-based detectors are not resilient to scale changes, occlusions, varying poses, and intricate backgrounds,
which restricts their use in real-world, unconstrained settings.
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Challenges in Haar-Based Face Detection

6. Impact of Detection Errors on Recognition Accuracy

In a multi-step face recognition process, the detection module acts as the essential building block for the later stages of feature
extraction and classification. Any errors that occur during face localization directly affect the recognition phase, thereby
impacting the overall performance of the system. As a result, the quality of detection is crucial in establishing the reliability of
recognition.

Inaccurate bounding box localization—Tlike partial cropping, scale discrepancies, or misalignment—Ileads to distorted facial areas being
sent to the feature extraction module. These distortions compromise the structural and textural details crucial for distinguishing
representation. Experimental findings show that even small spatial discrepancies in identified facial areas result in significant declines
in recognition precision. This phenomenon is especially noticeable in traditional recognition systems that utilize Principal Component
Analysis (PCA) and Local Binary Patterns (LBP), which exhibit significant sensitivity to consistency in alignment and normalization
of illumination.
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Impact of Detection Errors on Recognition Accuracy

Missed detections (false negatives) keep legitimate facial samples from entering the recognition process, thus decreasing system recall
and restricting practical usability. Conversely, false positives lead to the inclusion of non-facial areas in the recognition process, raising
the chances of incorrect identity matching and diminishing overall accuracy. These errors multiply when recognition algorithms try to
derive features from irrelevant or background areas.

The effects of detection mistakes are amplified in unrestricted settings defined by variations in pose, occlusion, changes in illumination,
and diversity in scale. For example, assessments on difficult datasets like WIDER FACE show that detection inconsistency greatly
increases subsequent recognition mistakes. In camera-based experiments conducted in real-time, varying bounding boxes and occasional
face disappearance further hinder feature continuity, adversely impacting temporal consistency in recognition.

In summary, the experimental results demonstrate that detection performance is a key limitation in biometric authentication systems. It
should not be seen as a separate preprocessing phase; instead, it needs to be optimized together with recognition modules to guarantee
strong end-to-end system performance. Enhancing detection reliability is crucial for increasing recognition precision, especially in
practical application contexts.
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7. Experimental result and Discussion

The experimental findings clearly indicate that traditional face detection methods show considerable performance limitations when
assessed in uncontrolled and real-world settings. While the Haar Cascade detector operates well in controlled environments—like frontal
angles, consistent lighting, and simple backgrounds—its detection precision significantly drops in real-world application scenarios.

Quantitative and qualitative assessments reveal that the main constraint arises from dependence on manually crafted Haar-like features.
These preset attributes are fine-tuned for recognizing frontal facial features and do not possess the necessary representational
adaptability to manage significant intra-class differences. With rising environmental complexity—due to pose variation, occlusion,
inconsistent illumination, diverse scales, and dense crowd situations—the detector struggles to ensure consistent localization. This
instability directly affects downstream recognition precision, validating that detection performance acts as a key bottleneck in the entire
biometric process.

Additional analysis indicates that the detector’s sensitivity to scale changes leads to regular missed detections for smaller faces. In the
same way, Haar-based feature templates do not sufficiently capture non-frontal or partially obscured faces, resulting in lower recall
rates. Background structures exhibiting face-like intensity patterns also elevate instances of false positives, consequently lowering
system precision. These problems collectively show restricted generalization ability beyond managed datasets.

From a system-level standpoint, the findings highlight that traditional detection techniques, although computationally efficient and
appropriate for low-resource settings, fall short for contemporary biometric applications that require resilience and flexibility. In
contrast, modern deep learning—based detectors like Multi-task Cascaded Convolutional Networks, Faster R-CNN, and You Only Look
Once show enhanced performance because they can learn hierarchical and scale-invariant feature representations straight from data.

Consequently, through empirical assessment and analytical scrutiny, this research establishes a definitive performance benchmark for
Haar-based detection and supports the shift to learning-based detection frameworks. The results emphasize that strong detection is not
just a preprocessing step but an essential prerequisite for attaining dependable and scalable biometric authentication in practical settings.

For Biometric Authentication applications:
» Haar Cascade functions consistently in regulated indoor settings (e.g., offices or secure entry systems).
* In open areas or unregulated outdoor settings, its restrictions may result in authentication errors.

* Systems that need both speed and reliability could gain from hybrid approaches: employing Haar Cascade for initial detection followed
by a lightweight deep learning model for refinement.

Complex Backgrounds and occlusions remain the biggest challenges for classical face detectors, particularly in the WIDER FACE
dataset, which simulates real-world variability.

8. Conclusion

This study/research examined the performance of Face Detection through the Haar Cascade algorithm in unconstrained settings with
intricate backgrounds utilizing the WIDER FACE dataset. Although Haar Cascade enables fast detection appropriate for real-time
Biometric Authentication, its precision diminishes in intricate and uncontrolled environments.

Future research should investigate hybrid detection frameworks that integrate traditional techniques with deep learning for reliable,
efficient, and instantaneous face detection applicable to practical biometric uses.

9. Future Scope

* Combining Haar Cascade with efficient CNN-based detectors

* Adaptive thresholding for managing fluctuating lighting conditions

* Enhancing traditional techniques for embedded systems and edge computing

* Assessing performance in real-time situations with multiple cameras
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