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Abstract

Face detection is an essential part of many applications, such as security systems, social networking
platforms, and human-computer interaction. In order to detect human faces, this work investigates the
application of the Viola-Jones algorithm in a graphical user interface (GUI) system created with Matlab. The
Viola-Jones algorithm is a cutting-edge real-time face detection technique that uses AdaBoost learning to
choose the most important features, Haar-like features, and an integral picture for quick feature
computation. Fifteen randomly chosen photos from the internet with both single and numerous faces were
used to test the system. The algorithm's efficacy in face detection is demonstrated by the results, which show
an average accuracy of 89.86%. Nevertheless, other restrictions were noted, such as blocked faces, non-
frontal facial angles, and subpar identification in dimly lit environments. These difficulties draw attention to
how outside variables affect detection accuracy and point to possible areas for improvement, such using
sophisticated preprocessing techniques or combining the algorithm with cutting-edge machine learning
approaches. This study highlights the need for more research to increase the Viola-Jones algorithm's
robustness in a variety of complicated circumstances while reaffirming its applicability.
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Introduction

Face detection is an essential part of many applications, such as social media platforms, security
systems, and human-computer interfaces. In 2001, Paul Viola and Michael Jones developed the Viola-
Jones algorithm, transforming face identification by offering a reliable, accurate, and real-time solution.
This technique detects faces in photos with amazing speed and accuracy by using a machine learning
approach that uses a cascade of classifiers trained with Haar-like features [1], [2]. The Viola-Jones
algorithm is important not only because it is fundamental to face identification but also because it can
be modified and enhanced to perform better in a variety of scenarios [3], [4].

The algorithm's architecture uses An integrated picture representation to process images
rapidly, enabling speedy feature extraction. The AdaBoost learning algorithm complements this by
choosing the most pertinent features from a big collection, hence improving the detection process [2],
[5]- The Viola-Jones algorithm has become widely used in many applications due to its success, including
surveillance systems, real-time video processing, and even mobile applications [4], [6]. In order to

overcome the initial algorithm's shortcomings and broaden its scope, research is still being conducted

to improve and develop it in response to the growing need for effective face detection [7], [8], [9].
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The Viola-Jones algorithm has a large body of literature, which reflects its influence on computer
vision. Its integration with other methods to increase detection speed and accuracy has been the subject
of numerous studies. In order to increase performance in complex backdrops and different lighting
circumstances, Maghraby et al. [7] presented a hybrid face detection system that integrates skin color
detection with the Viola-Jones approach. This method emphasizes how crucial preprocessing methods
are to raising the Viola-Jones algorithm's efficacy.

Kirana etal. [10] highlighted the method's adaptability in other scenarios beyond face detection
by contrasting the original Viola-Jones approach with a Fisher Face-based variation for emotion
recognition. According to their research, while the original algorithm works well for face detection in
general, adjustments can produce superior results for certain uses, like emotion recognition. This
flexibility is a common theme in the literature, with numerous academics suggesting improvements that
take advantage of the Viola-Jones algorithm's fundamental ideas while resolving its drawbacks [3], [9].

Cho etal. [11] have also investigated the algorithm's hardware implementation, discussing how
hardware optimization might speed up multi-view face identification. The algorithm's potential for real-
time applications is highlighted by this study, especially in settings with constrained computational
resources. Irgens et al.'s demonstration of the Viola-Jones algorithm's effective implementation on
hardware platforms, including FPGAs, further confirms its applicability in real-world scenarios. Apart
from hardware implementations, a number of studies have concentrated on enhancing the algorithm's
resilience to changes in environmental factors and face orientation. As an illustration of the algorithm's
versatility in various contexts, Oualla [12] presented a technique for identifying rotated faces by
extending Haar-like features. In a similar vein, Dergachov et al. [5] stressed the value of adaptive
algorithms in improving face detection systems' efficacy, especially in dynamic contexts.

Based on the description above, this study will discuss how an example of the implementation
of the Viola-Jones algorithm in a graphical user interface (GUI) using Matlab. This study supports various
previous findings and is tested on a system developed through Matlab. The purpose of this study is to

provide an overview of how a face can be detected and how its weaknesses are in certain parts.

Material and Methods

The attentional cascade, the feature selection by Adaboost, and the integral image make up the
core structure of the Viola-Jones method. The integral image makes it easier to quickly calculate Haar-
like features, which are crucial for differentiating between non-facial and face parts in an image.
Adaboost is used to pick the best features from a big collection, which greatly improves algorithm
performance by concentrating on the most informative characteristics [13], [14]. The attentional
cascade streamlines the detection process by arranging classifiers in a sequential fashion. Each stage is

in charge of rejecting a sizable portion of negative samples, which makes it easier to detect faces under

different circumstances [13], [15].
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Fig. 1. Face detection process

Fig. 1 shows the face detection process using the Viola-Jones algorithm. This process utilizes
Matlab by creating a graphical user interface (GUI) in Matlab. Then it can be explained that the Viola
Jones algorithm utilizes images, Haar features, integral image, AdaBoost, and Cascade classifier. The
image can be interpreted as a two-dimensional function f{x, y), where x and y are coordinates and the
function value f is the result of combining the coordinates (x, y). If f, x, y have vulnerabilities, then the
image is a digital image (digital image). Images consist of elements, each of which has a location and a
value called a pixel [16].

Image classification based on the value of a feature is carried out on the grounds that using
features has a faster processing time than using pixels. There are 4 main processes in the Viola Jones
algorithm, the first is the Haar Like Feature. This process uses 4 rectangles with 2 segmentations

between the white and black segments [16] as in Fig. 2.
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Fig. 2. Haar-like feature

Two rectangles with vertical and horizontal segmentation comprise features A and B, three
rectangles with vertical segmentation and a black pixel in the center comprise feature C, and four
rectangles with vertical and horizontal segmentation make up feature D, as seen in Figure 2. By
subtracting the number of pixels in the black area from the number of pixels in the white area, one may

determine the final value of this feature. The Viola-Jones algorithm uses Integral Image to expedite the

computation process.
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Anintegral image is the result of summing the values of the pixels from the top left to the desired

point f{x,y). Fig. 3a below illustrates how Integral Image is implemented.

(x,y)

a b
Fig. 3. a) f(xy) integral image, b) Calculate the features values

After that, the shaded region or subimage area's average pixel is computed. The computation of
the integral picture in one of the shaded regions is shown in Fig. 3b. Using equation 1, the integral image's

purpose is to determine the pixel values of multiple additional rectangles [16].

D=(A+B+C+D)—(A+B)—(A+C)+A 1)

Viola Jones then use a technique known as AdaBoost Learning to choose particular facial features that
will serve as the foundation for computations for determining threshold values. The aim assigned to
AdaBoost is to combine multiple weak classifiers into a single, powerful classifier. When the classifier's
filter simply receives fewer positive responses, it is said to be a weak classifier. A stronger classifier will
be produced by connecting all of the weak classifiers into one. In order to create a powerful classifier,
Adaboost Learning combines a number of weak classifiers and gives each one weight. As seen in Fig. 4,

AdaBoost is also run more than once to determine whether the classifier is actually a strong classifier

[16].
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Fig.4. Adaboostlearning

Results and Discussions
The results of this research show the development of a GUI system using Matlab to detect human

faces and the results of trials on several random images taken on the Internet. The GUI display for face

detection is shown in Fig. 5.




Bincang Sains dan Teknologi (BST) E-ISSN 2961-8746
DOIl: 10.56741/bst.v4i01.768 P-ISSN 2961-8932

[ facedetection = o X

Page | 5

Open Image Face Detection Save Image

Fig. 5. GUI face detection system

Testing was carried out using 15 examples of images with many faces taken from the internet

randomly. Testing will produce data on the number of images in which faces were detected correctly,

the number of faces that were not detected and the number of detection errors that were not faces but

were assumed by the algorithm to be faces.

Table 1. Testing Result for 15 images

Number Face Facenot Percentage
of faces detected detected (%)

No Image

1L
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Number Face Facenot Percentage

No Image of faces detected detected (%)
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5 3 1 75

6 16 2 88.89
7 9 1 90

8 4 0 100
9 12 2 85.71
10 4 3 1 75

1 11 11 0 100

12 15 11 4 73.33
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Number Face Facenot Percentage

No Image of faces detected detected (%)

13 20 17 3 85

14 4 4 0 100

15 5 5 0 100
Average 89.86

Based on the results displayed in Table 1, it can be stated that the results of face detection using
the Matlab GUI system based on the Viola-Jones algorithm are that the system can detect single and/or
multiple faces facial images with an average accuracy value of 89.86%. Some faces were not optimally
detected in images 4, 5, 6, 7, 9, 10, 12, and 13. Overall, there are several reasons why face detection in
images is less than optimal, namely the lighting on the faces as shown in image 6; facial orientation
factors as in images 5, 7, 9; the face does not look frontal like in images 4, 10; and finally, part or all of
the face is covered as in images 12 and 13.

The accuracy of this investigation, which was 89.86%, indicates that the face detection process
is significantly impacted by the implementation of AdaBoost learning. This is consistent with Yang et
al.'s research [2], which uses AdaBoost learning to help choose the most pertinent face architecture
traits. According to earlier studies, the lighting in image 6 has a significant impact on the face detection
findings [7]. In this work [7], optimization was done to maximize skin color identification in order to get
beyond the image's illumination limitations. According to research by Cho et al. [11], the results of face
detection in images 12 and 13 demonstrate how the large number of faces in the image also affects the
face detection process. Regarding the impact of face orientation on face detection in photos, as
demonstrated by the findings of face detection in images 4, 5, 7, 9, and 10, this study is consistent with

research by Oualla [12].

Conclusion

Using the Viola-Jones algorithm in Matlab, this study creates a graphical user interface (GUI)

system for face detection and evaluates its functionality on fifteen randomly selected online images.

According to the test findings, the system has an average accuracy level of 89.86% in detecting both
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single and multiple faces. However, there are a number of reasons why detection isn't always the best in
some images, including bad lighting (like in image 6), a non-frontal face position (like in images 5, 7, 9,
and 10), and partially or completely obscured faces (like in images 12 and 13). This demonstrates that
even if the Viola-Jones method works quite well, outside influences might have an impact on the
detection accuracy. Algorithm development or images preparation optimization are two possible
directions for this research. In addition, its performance in face detection may be observed by combining
it with different machine learning techniques. The development of application-based systems and the
implementation of detection systems into several fields such as education, disaster, health, and security
can be recommended for the sustainability of this research. The development of a more dynamic
detection system for facial emotion analysis can also be a suggestion for future research. In general, the
process of face detection in images needs optimization in terms of accuracy and efficiency and can be

considered to be developed into a dynamic and real-time system.
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