INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Special Issue | Volume X1V, Issue XIII, October 2025

Enhanced Face Detection Using Haar Cascade with Histogram
Equalization, Sharpening, and Denoising for Real-Time
Applications

Satishkumar Mulgi*, Yogesh Ingale, Prajakta Phakatkar
Department of Computer Science, Dr. D.Y. Patil, Arts, Commerce & Science College, Pimpri, Pune, Maharashtra, India
DOI: https://doi.org/10.51583/IJLTEMAS.2025.1413SP003
Received: 26 June 2025; Accepted: 30 June 2025; Published: 22 October 2025

Abstract This study presents an enhanced face detection approach leveraging classical Haar Cascade classifiers combined with
advanced image preprocessing techniques to improve detection accuracy and robustness. The proposed method applies a
sequential pipeline of histogram equalization for contrast enhancement, sharpening filters to emphasize facial features, and non-
local means denoising to reduce image noise. These preprocessing steps enhance the quality of the input images, enabling more
reliable detection of faces under varying lighting and noise conditions. Experimental results demonstrate that integrating image
enhancement techniques prior to Haar Cascade detection significantly reduces false negatives and improves the clarity of detected
regions. This approach offers a computationally efficient alternative to deep learning methods for real-time face detection
applications, particularly in environments with suboptimal image quality. The system is well-suited for live video or camera
feeds, functioning effectively across different lighting and background conditions with minimal computational requirements,
making it ideal for deployment in CCTV systems and mobile devices.
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|. Introduction

Face detection is a fundamental task in computer vision with applications in end-to-end security, human-computer interaction,
and multimedia indexing. Among various techniques, the Haar Cascade classifier, introduced by Viola and Jones, remains a
widely used method due to its computational efficiency and real-time detection capabilities. However, its performance is
susceptible to image quality degradation caused by poor lighting, noise, and low contrast, often resulting in false negatives or
positives.

To mitigate these limitations, this paper introduces a preprocessing pipeline aimed at improving image clarity and feature
visibility. The proposed system applies histogram equalization for contrast enhancement, sharpening to accentuate facial features,
and non-local means denoising to eliminate noise. These enhancements make critical features more detectable for the Haar
Cascade classifier without imposing significant computational load, thereby maintaining real-time applicability on low-power
devices.

I1. Literature Review

Face detection has evolved significantly since Viola and Jones (2001) introduced their seminal Haar Cascade classifier. While
this approach is favored for its speed and simplicity, its performance declines under suboptimal imaging conditions such as poor
illumination or high noise levels.

Histogram equalization has proven effective in enhancing image contrast, which aids in distinguishing facial features (Gonzalez
& Woods, 2002). Sharpening filters, as explored by Jain and Farrokhnia (1991), emphasize important edge details required for
feature-based detection. Noise reduction methods like Non-Local Means (Buades et al., 2005) help in preserving structural
integrity while eliminating random artifacts.

Recent developments in face detection have largely shifted towards deep learning methods such as MTCNN (Zhang et al., 2016)
and Retina Face (Deng et al., 2019), offering improved accuracy at the cost of higher computational resources. These models are
less feasible for real-time applications on resource-constrained platforms. Enhancing traditional classifiers with preprocessing
steps, therefore, offers a practical alternative for such scenarios.

111. Methodology

The proposed approach follows a three-step preprocessing pipeline:
e Histogram Equalization: Enhances global contrast in grayscale images, highlighting key facial features.
e Sharpening Filter: Enhances edges and textures essential for Haar feature extraction.

e Non-Local Means Denoising: Removes noise without blurring important image features, preserving detail integrity.
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Following preprocessing, the Haar Cascade classifier is applied using tuned parameters for scaleFactor and minNeighbors to
optimize detection sensitivity and specificity.

IV. Results and Discussion
1. Detection Accuracy Improved by ~18-25% in Low-Light Conditions

After applying preprocessing steps, the face detection success rate improved from 68% to 85-90% on challenging datasets (e.g.,
low light webcam feed or grayscale CCTV images).

2. Reduced False Detections in Noisy Images
Without preprocessing: Haar cascade detected 3—4 false faces per 10 frames in noisy conditions.
With preprocessing: False positives dropped to 0-1 per 10 frames.

4.1 Image Enhancement Effects The contrast enhancement made facial landmarks more prominent. Sharpening further clarified
the facial contours, while denoising maintained overall image integrity by reducing noise that would otherwise interfere with
feature detection.

4.2 Face Detection Performance Tests on various images under different lighting and noise conditions demonstrated a
significant reduction in false negatives and false positives when using the enhanced pipeline. The Haar Cascade performed more
reliably, successfully identifying faces that were missed in the raw input images.

4.3 Computational Efficiency Despite the added preprocessing, the overall system remained lightweight and suitable for real-
time applications. The use of classical image processing techniques ensured that the computational overhead was minimal,
preserving suitability for embedded systems and low-resource environments.

4.4 Limitations and Future Work Limitations include reduced performance with extreme facial poses, low-resolution imagery,
and highly cluttered scenes. Future work may involve integrating adaptive preprocessing based on image quality or combining the
pipeline with lightweight neural networks to further boost robustness.

V. Conclusion

This study validates that integrating histogram equalization, sharpening, and denoising prior to face detection significantly
enhances the performance of Haar Cascade classifiers under challenging imaging conditions. The method improves contrast,
highlights features, and reduces noise, enabling more accurate and reliable face detection while maintaining real-time processing
capabilities. As a resource-efficient alternative to deep learning models, this system is well-suited for real-world applications such
as security surveillance and mobile-based face recognition. Further enhancements may include adaptive or hybrid approaches to
broaden application scopes.
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