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Introduction

In today's digital age, facial recognition technology has become one of the most interesting and
important research topics, especially in security and surveillance applications (Tavallali et al, 2020a).
Facial recognition (Andrejevic & Selwyn, 2020) using computer vision techniques has offered advanced
solutions to various security challenges (Zou et al, 2023), as well as automatic identification of
individuals with high accuracy (Singh et al, 2020) . The object of this research is the application of
computer vision technology for facial recognition, focusing on the use of the Viola-Jones algorithm
method, which is famous for its ability to detect objects in real-time(Yang et al, 2020) .

The Viola-Jones algorithm (Liu et al, 2021) was chosen as the primary method in this study
because of its efficiency in identifying facial features quickly and accurately (Ameen et al, 2020), even in
suboptimal lighting conditions . The main objective of the study was to develop a reliable facial
recognition system, by optimizing the use of the Viola-Jones algorithm in various operational
conditions.
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The main problem encountered in facial recognition is the variation in lighting conditions
(Kortli et al, 2020), face orientation, and expressions that can reduce recognition accuracy (Grundmann
et al, 2021). This research aims to overcome these problems by improving the performance of the
Viola-Jones algorithm in the face of these challenging conditions.

This study examined various facial recognition techniques using the Viola-Jones algorithm.
There have been several recent studies that show significant advances in facial recognition by applying
this algorithm. However, some literature highlights that the performance of this algorithm can decrease
in low light conditions or when the face undergoes significant pose changes. The study evaluated the
performance of the Viola-Jones algorithm in facial recognition under different conditions (Tavallali et al,
2020b), such as variations in poses, facial expressions, and lighting. This research identifies some of the
challenges and limitations faced by the Viola-Jones algorithm in facial recognition applications. In the
healthcare sector, facial recognition can be used in a variety of applications, such as patient
identification in hospitals, monitoring the presence of medical staff, or even health monitoring through
facial expression recognition to detect certain emotions or medical conditions. Some of the problems
found include sensitivity to significant changes in facial pose, as well as limitations in recognizing faces
in low light conditions (C. Li et al, 2021) or with large variations in expression. Several recent studies
have shown that the use of artificial neural networks (deep learning) can overcome some of the
weaknesses associated with the Viola-Jones algorithm, such as sensitivity to variations in poses and
facial expressions. This study conducted a comparative analysis between the Viola-Jones algorithm and
a deep learning approach in facial recognition. The results show that although Viola-Jones is still widely
used, deep learning approaches tend to perform better in recognizing faces (Wang & Deng, 2021) (S. Li
& Deng, 2020) in a variety of conditions, including when faces experience extreme variations in poses
and expressions.

Method

Research Design

This research was conducted using an experimental approach (Hasani & Jafari, 2022)The
initial step is to collect the face dataset, followed by pre-processing the data. Next, the implementation
of the Viola-Jones algorithm for face detection was carried out. After face detection, the next step is
feature extraction and classification. Finally, validation and evaluation of the results obtained are
carried out to assess the effectiveness of the method (Thabtah et al., 2020) .
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Figure 1. Research flow

On the figure. 1. Illustrated research flow for face recognition system using Viola-Jones
algorithm. The process begins with the "Data Pre-processing” stage, where the face image dataset is
normalized, converted to grayscale, and resized to prepare it before modeling. Next, in the "Modeling"
stage, the image integral is set, Haar features are applied to identify facial features, Adaboost is used to
improve the face detector by selecting the most informative features, and finally, a cascade classifier is
built to classify areas of the image as faces or nonfaces. Once the model is built, the "Validation" stage
ensures that it works properly, as well as through cross-validation methods. The "evaluation” of the
model involves metrics such as Matrix of Confusion (MT), Performance Metric Analysis (PMA),
Validation by External Measurement (VCE), dan Experiment Measurement (EM), which is used to
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measure model performance in detail. Finally, "RESULT" is the final result of the study, which includes
the success of the model in detecting faces based on predefined evaluation metrics.

Data Collection

The data used in the study consisted of a collection of facial images taken from a variety of
sources, including public datasets such as Labeled Faces in the Wild (LFW) or independently collected
datasets that included a variety of facial expressions, poses, and lighting conditions. All subjects in the
dataset had given consent to the use of their images in the study.
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Figure 2. Draw a face

On the figure. 2. Are several types of images that will be used as data, consisting of color face
images, black and white faces, statue faces, doll faces, and silhouette faces.

Pre-processing Data

Data pre-processing includes a series of steps to improve image quality and prepare it for
recognition. These steps include image conversion to grayscale, normalization of pixel intensity, and
application of data augmentation techniques to increase variation in the dataset (Anaya-Isaza & Mera-
Jiménez, 2022). The goal is to reduce variability unrelated to the identity of the subject and increase
the robustness of the facial recognition system.

Research Procedure

The Viola-Jones algorithm, proposed for face detection, uses a Haar-like feature to identify
faces in images. The method consists of three main components, integral image for fast feature
calculations, cascade classifier for detection efficiency, and Adaboost for feature selection (Lin et al,,
2020). In the context of this study, the algorithm was adjusted to improve facial recognition accuracy
by optimizing parameters and integrating them with other machine learning techniques.

The following Haar-like features are used in the Viola-Jones algorithm for object detection in
images, including face detection. The Haar-like integral image feature consists of variations in pixel
patterns within different sized squares within the image. Here is a general formula for calculating the
value of the Haar-like feature. If the image is w xh, and evaluating the haar-like integral image features
on the wr x hr size rectangles in the image is divided by three features.

Type Feature 1
In the type 1 feature, it calculates the total pixel value in the white part of the upper recttangle
minus the total pixel value in the black part of the lower rectancle (Liang et al., 2021) . The formula

fi= ZF Putih — ZF Hitam (1)

Type Feature 2

In the type 2 feature, it calculates the total pixel values in the white part of the upper rectangler
added by the total pixel values in the black part of the two lower rectinelles. The formula
f2 = X, Putih — X, Hitaml — ¥, Hitam2 2)

Type Feature 3
In the type 3 feature, it calculates the difference between the total pixel values in the white
part and the total pixel values in the black part of the indicated rectangles. The formula In the type 3
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feature, it calculates the difference between the total pixel values in the white part and the total pixel
values in the black part of the indicated rectangles. The formula

fa= ZﬂPut:‘hl +ZaPutfhE - ZﬂH:‘tnml - ZﬂH:‘tnmE (3)

Where Y, White dan X, Black represents the total pixel value within the white and black
areas. this process is carried out on integral drawings, which are efficiently calculated Haar-like
features using integrated methods (Zhang et al,, 2023). The face detection process is then performed
by shifting and assessing all the rectangles on the image with this Haar-like feature and using them as
part of the classification using the Viola-Jones algorithm. Furthermore, the cascade classifier is one of
the key components of the Viola-Jones algorithm for face detection. It is a hierarchically arranged
series of classifications, where each classifier serves to filter out the parts of the image that do not
contain faces, thus reducing the number of operations that need to be performed on the parts of the
image that contain more faces. Here's the general formula for the cascade classifier:

€ = {Hs (0. Ho (... HTG0) )

Where

[ is the cascade classifier

Ht is the t-th klassifier in the cascade, which will give a binary output of 1 (1 for face detection 0 for
non-faces)

T is the total number of classifiers in the cascade

Each classifier in the cascade is calculated as follows
1

if TP o t, ift, i(x)=6t

Hy () = (5)

ra

Lainnya

Where

Nt is the number of Haar-like features evaluated by the t-th classifier
£ weight given to the I-th Haar-Like feature by the t-th classifier
ft. i3] is the value of the I-th Haar-like feature in the image

Bt is the threshold (treshold) specified for the t-th classifier

The adaboost method is used to select the most important features in the process of
classification or object detection such as face detection in the Viola-Jones algorithm (Masud et al,,
2022). Here is the general formula for the Adaboost algorithm: Initialization weights of each sample in
the dataset are weighted equally
wi =1/ m (6)

Base model selection Choose a simple base or "weak learner” model, for example, a decision
stump (decision tree with depth 1) Base model training Study the base model on a dataset with
appropriate sample weights Error scoring Calculate the weighted error of the base model in each
iteration
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' is the weight up to the i-th
I(.) is an indicator function
4! is the actual label from to the i-th
7 is the label predicted by the base model to get to the i-th
Model weight calculation Calculate model weight (2 ;) based on weighted error

.= %m E :") ®)

Sample weight update: The weight of each sample is updated based on the error of the base
model if the correct sample is classified by the model

art — apt, e— 9
If the sample is incorrectly classified by the model

w' — w e, (10)

Normalization of the weight normalizes the sample weight so that the number is equal to 1

A4
T_'--_-!L:-_

(11)

Re-literate steps 1-5 by T times, where T is the number of literacy or the number of base
models selected. Model combination combine all base models with their weights to create the final
model

H (o) = sign (I, o hy(30)) (12)

Where

H () is the final model

h; is the t-th base model

o ; is the t-th weight model
Sign (.) is a sign function

In the context of object detection such as face detection with the Viola Jones algorithm, adaboost is
used to select and combine a simple set of features called haar-like features. Adaboost learns the
appropriate weights for these features so that models can recognize facial patterns more accurately.

Evaluation
The evaluation of the face detection system is done using metrics such as accuracy, precision,
recall, and F1-score (Chaves et al., 2020). Analysis was performed to assess the performance of the
algorithm in various lighting conditions, face orientation, and expression. In addition, computational
time is also taken into account to evaluate the efficiency of the algorithm.
Here's the equation Accuracy, precision, recall and F1-score. Accuracy is the comparison of the
number of correct predictions to the total number of samples tested. The similarities

Mumber of correct predictions TP + TH

Accumcy = Total number of z=ample TP +TH+EP+EN (13)
Where:

TP (True Positives) is the number of true positives (predictions correct as positive classes)

TN (True Negatives) is the number of true negatives (predictions correct as negative classes)

FP (False Positives) is the number of false positives (false predictions as a positive class)
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Next Precision is the comparison of the number of true positives with the total number of positives
predicted by the model The similarities are

TP
TP +FP

Precision = (14)

Recall is the comparison of the number of true positives with the actual number of positive classes.
The similarities are:

TP

P - —
reclsion —TP T FN

(15)

Then the value of the equation F1-score is the harmonic mean of precision and recall, giving a
balance between the two. The similarities are

Presisi = Recall TP
1 - =2 =
F1 —Score =2 x Presizi +Recall ZTP+FP+FN

(16)

F1-score is very useful in situations where the class distribution is unbalanced or when we need
to find a balance between precision and recall.

Results and Discussions

Data from facial feature processing containing 5 rows with 8 features contrast, dissimilarity,
homogeneity, energy, correlation, avg_red, avg_green, dan avg_blue.

Table 1. Dataset face features

dissimil . .
Contrast arity homogeneity energy correlation avg_red avg_green avg_blue
1423026 834863 37791243610 1984314. 16340445488 0.29115896358 0.31701330532  0.7336480703
026.0 4.0 78710 0 593900 543414 212885 39247
1421647 834580 39002482222 650062.0 15167308096  0.38026229703  0.38004685527  0.3804922778
168.0 4.0 138100 ’ 56850 205866 73318 009081
1657210 835021 25598192500 2520791 20155571025 201555710256  0.81940232374  0.8194023237
126.0 8.0 08570 16.0 67020 7020 28776 428776
3102047 834634 98921331760 1733336 61019829800 0.63135630227  0.69342892395  0.7561554322
876.0 0.0 33410 436.0 36520 08881 0282 072871
9072425 821891 16189373141 7757394 98096502501  0.58109952069 0.58997674291  0.5977489324
640.0 8.0 447500 142.0 78050 7168 939 618736

In Table 1 is a dataset of facial feature detection results taken from 5 facial shape images
consisting of colored human faces, color doll face images, black and white doll face images and
silhouette face image shapes, to analyze this data in the context of applying the Viola-Jones algorithm
and evaluating accuracy, precision, recall, and F1-score metrics, we need to clean and process the data
so that the format is consistent and can be used for further analysis. Because the data contains only
features and does not include actual labels or face detection results, we cannot directly apply metric
evaluation without additional information such as ground truths for each entry. However, based on
existing data, the discussion will focus on the initial processing of the data and the potential application
of the Viola-Jones algorithm.

The Viola-Jones algorithm, known for its speed and efficiency in face detection, utilizes
features such as contrast, dissimilarity, homogeneity, energy, and correlation to identify faces in
images. In this context, contrast and dissimilarity can help highlight differences in pixel intensity
between face and background areas, while homogeneity and energy can indicate uniformity and
strength of facial texture patterns. Correlation, on the other hand, provides insight into how well facial
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features are related to each other in the color space, enriched with the average of RGB values to
capture skin tone information.

For evaluation, accuracy measures how often the algorithm correctly identifies faces, precision
assesses the proportion of positive identifications that actually constitute faces, recall measures how
well the algorithm identifies all actual faces in the dataset, and F1-score provides a balance between
precision and recall. Ideally, for this study, further analysis with datasets that include ground truth
labels for each facial feature, direct testing of the Viola-Jones algorithm and calculation of those
evaluation metrics would be needed. Without such data, further discussion will be theoretical and rely
on performance assumptions based on the characteristics of the features provided.
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Figure 3. Evaluation chart

In Figure 3. describes the results of the analysis of facial features, where there are values for
homogeneity, energy, and correlation, as well as the average of red, green, and blue color values. These
values are plotted against time or a specific index, with significant scale differences between
homogeneity, energy, and correlation values compared to the mean value of colors. This study
highlights the specific performance of the Viola-Jones algorithm in facial recognition, including
accuracy, speed, and reliability in various lighting conditions, orientation, and facial expressions. Viola-
Jones algorithm optimization techniques or modifications to improve its performance, such as
integrating additional features or implementing more advanced machine learning techniques. New
research might compare proposed approaches with pre-existing methods and techniques including
comparisons of performance, computational complexity, or relative advantage under specific test
conditions. Results with previous studies that used the same or similar datasets, as well as similar test
conditions, to validate findings and identify significant performance improvements or differences.

Conclusions

This research successfully developed a facial recognition system utilizing computer vision technology
and the Viola-Jones algorithm, showing increased accuracy and efficiency in face detection in various
lighting conditions and orientations. Although the system has shown impressive performance, further
research can be directed at integrating deep learning techniques to overcome lingering limitations,
such as sensitivity to extreme changes in pose and facial expressions. The integration of the Viola-Jones
algorithm with artificial neural networks could offer a more robust solution to a variety of more
complex conditions, while improving the system's ability to process facial identification more quickly
and accurately. This will open up further development opportunities for security, surveillance, and
interactive applications that require effective and efficient facial recognition.
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