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Visitor data or the number of visitors at a particular location is crucial information
to be obtained. This data can serve various purposes, particularly in enhancing
customer satisfaction. For instance, predicting the number of visitors at tourist
destinations enables tourism management to be better prepared for welcoming and
providing optimal services to arriving visitors. Visitor count data can also be
employed to automatically restrict visitors during the COVID-19 pandemic, ensuring
a safe and comfortable environment with limited attendees. To acquire visitor data,
a system capable of accurate visitor detection is required. This research utilizes
computer vision to detect visitor faces. The developed system, programmed in
Python, functions by detecting visitor faces and conducting a count based on the
detected faces. To prevent the same visitor from being detected multiple times, a
facial recognition method with dynamic facial data collection is implemented in this
study. The constructed system successfully counted 27 out of 28 visitors over two
days. However, the system has limitations, particularly in terms of the restricted
detection area. Therefore, a physical mechanism mandating visitors to undergo facial
scanning and registration needs to be established, ensuring recorded data

corresponds to the actual visitor count.

This is an open access article under the CC—BY-SA license.

l. INTRODUCTION

Visitor data or footfall is crucial for various types of
establishments, whether they are profit-oriented or non-profit.
This data is collected for specific purposes. There are various
methods that utilize technology to gather visitor data. One
commonly employed approach is by leveraging embedded
systems based on the Internet of Things (IoT) [1]-[4], and
another involves computer vision, specifically facial detection
or object detection [5], [6]. Both methods have their own
strengths and weaknesses. Embedded systems require
relatively low costs, making them suitable for large-scale
production. However, constructing an embedded system
capable of accurately detecting and counting visitors often
necessitates the use of multiple sensors (sensor fusion),
intricate environmental adjustments to ensure sensor
performance, and a trial-and-error process contingent on the

visitor detection location. More accurate detection and
counting can be achieved through facial detection.
Nevertheless, this method demands a relatively higher
investment due to the requirement for cameras and powerful
computational devices.

Visitor data collected using more accurate methods can be
leveraged in the field of data science. One of the places that
can benefit from this data is establishments that serve visitors.
Locations prioritizing service quality rely on this data to
enhance visitor satisfaction. For instance, predicting the
future number of visitors to tourist destinations allows
tourism management to be better prepared to welcome
visitors and deliver optimal services [7]. During the COVID-
19 pandemic, real-time visitor data is also utilized to limit the
number of visitors in a particular location [8]. This approach
offers comfort to visitors during the pandemic, ensuring that
an excessive number of visitors is not present at the location.
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Accurate visitor data, along with additional supplementary
data, can also be employed to regulate room temperature
automatically [9]. This contributes to maintaining comfort for
visitors or individuals within the premises.

The issue stemming from this situation is the necessity for
accurate visitor detection. Facial detection methods utilizing
machine learning or deep learning indeed exhibit high
accuracy in detecting faces. Nevertheless, several aspects
need to be adapted according to real-world conditions. For
instance, what if the same person's face is detected multiple
times? This could potentially impact the accuracy of visitor
counts, as there is a possibility that the same individual might
be counted as more than one visitor.

Therefore, this research is carried out by implementing
facial recognition. Facial recognition is commonly
implemented in attendance systems, monitoring systems, or
access systems. In attendance systems, initial registration is
required to determine which individuals' presence needs to be
recorded. When the system is operational, it matches the faces
captured by the camera with the registered facial data [10]-
[12]. This principle applies to monitoring systems and access
systems as well. Prior registration is essential to identify the
faces that are being tracked or granted access [13], [14]. The
implementation of facial recognition for visitor detection has
been done before. This system was used to detect the faces of
library visitors. However, registration is also required in this
study because the system's operation is similar to an
attendance system [15]. In this study, no preliminary
registration is required as the identity of the visitors is not
necessary. Facial data used for matching is dynamically
collected as the system operates. This approach is adopted to
ensure the accuracy of visitor counts and to avoid the same
face being counted as multiple visitors within a single day.

The facial recognition conducted in this study employs
machine learning. The method utilized consists of several
stages, including face detection, posing and projecting the
face, face encoding, and face verification. In the face
detection stage, the algorithm employed is the Histogram of
Oriented Gradients (HOG) algorithm. This algorithm works
fast and has a higher accuracy compared to the Viola-Jones
algorithm [16], [17]. In the process of posing and projecting
the face, multiple stages are involved. These stages
encompass face area detection, determination of face
landmarks, and transforming the face to directly face forward.
The face encoding stage employs a pre-trained Deep
Convolutional Neural Network model. The outcome of this
process is a set of 128 measurements associated with a facial
image. Subsequently, this encoding result is matched in the
face verification stage. The developed system is also capable
of capturing unrecognized faces, which are then used as facial
data for subsequent matching. Additionally, in cases where
the same face is detected on the same day, the counted number
of visitors remains as one visitor.

Il. METHOD
An overview of the system is depicted in Figure 1.

Logs

Camera
Co i
o0

A

Visitors

Computer Admin

Figure 1. System Overview

The faces of entering visitors are captured using a camera
affixed to a computer. The facial recognition system operates
locally on this computer, a design chosen to enable direct
hardware access to the camera. For each successfully
recorded visitor's face, data in the form of facial image files
and logs are documented and uploaded to a web server. The
logs on the web server are stored in a MySQL database.
Storing files and logs on the web server serves the purpose of
facilitating monitoring processes, which can be administered
by system administrators from anywhere with an internet
connection. Furthermore, administrators can generate visitor
recording reports based on the logs stored on the web server.
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Figure 2. Flowchart of the Developed System

The general algorithm of the system developed in this
research is illustrated in Figure 2. The developed system
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begins with the facial recognition process. If a face is
successfully recognized, a new visit log is stored in the
database. If the detected face is unknown to the system, the
process of capturing a new face is initiated. Due to the real-
time nature of facial recognition and the limited
computational resources available, instances of duplicated,
unclear, or even non-classifiable facial image captures can
occur. Consequently, before storing newly captured facial
images, the validity of each image is examined using two
categories: blurred images and duplicated faces.

Broadly speaking, three primary processes are present in
this sequence: Face Recognition, Capture New Faces, and
Remove Faces, denoted by distinct process symbols in the
flowchart. Furthermore, a web server application has been
developed to receive log storage requests from the facial
recognition application. This application is constructed using
the HTML, CSS, JavaScript, and PHP programming
languages. Log data is stored on the web server using the
relational database management system MySQL. These four
processes are elaborated in greater detail in the subsequent
section.

A. Face Recognition

Facial recognition is executed through several stages, as
indicated in Figure 3.

Face Detection

l

Posing and
Projecting Face

l

Face Encoding

|

Face Verification

Figure 3. Face Recognition Process

In the stage of face detection and feature extraction based
on the frames captured by the camera, the method employed
is Histogram of Oriented Gradients (HOG) [18]. This method
captures the distribution of gradient directions in an image.
It's used for object detection by analyzing how intensity
changes from pixel to pixel and grouping these changes into
histograms. These histograms help describe object shapes and
structures, making HOG effective for detecting objects with
distinct outlines. This method was tested using 13,233 facial
data obtained from Labeled Faces in the Wild [19]. A total of
13,176 faces were successfully detected, achieving an
accuracy of 99.57%. Figure 4, Figure 5, and Figure 6 are
created using the Python programming language by utilizing
facial data available on Kaggle [20]. Figure 4 shows the
application of HOG.
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Figure 4. Histogram of Oriented Gradients (HOG)

To obtain the facial region, the HOG image in Figure 4 is
matched against HOG images generated from thousands of
facial images provided by the dlib library in Python.
Successfully detected faces may not always be perfectly
oriented to face forward, which can pose challenges and
reduce accuracy during face matching. Consequently, a
scheme is required to adjust the images, aligning features such
as eyes, nose, mouth, and others to the same positions during
matching.

Before alignment, face landmark estimation is utilized to
determine the positions of the eyes, nose, mouth, and facial
contour [21]. This method involves determining 68 points on
the face that mark these areas. Lines connecting these
landmark points can be drawn to create an image like the one
shown in Figure 5.

Figure 5. Face Landmark

The blue lines indicate the facial area created using face
landmark estimation. Next, the affine transformation method
is employed to maintain this area's position during the
matching process [22]. Figure 6 shows the resulting facial
appearance, prepared and ready for the encoding process.

Figure 6. Face for Encoding

The face encoding stage is conducted using a pre-trained
Deep Convolutional Neural Network model provided by
OpenFace [23]. For each facial image, a set of 128
measurement  values is generated, indicating the
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characteristics of that face. Figure 7 shows the measurement
result obtained from a facial image.
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Figure 7. Face Encoding Results

In the Face Verification stage, the process of matching the
captured facial image within a frame with the stored facial
images takes place. This matching process involves
comparing the measurement outcomes from the face encoding
stage with the measurements of all stored facial images. These
measurement results are processed using Linear Support
Vector Machine Classification [24]. If the measurement
results of the facial image in the frame exhibit similarity or
correspondence with the stored facial data, the system
provides feedback in the form of the filename of the matching
stored face. The face matching process successfully
recognized 11,494 faces correctly out of the 13,233 available
facial images, achieving an accuracy of 87%.

B. Capture New Faces

This process is executed when there is no stored facial
image that matches the facial image within the camera frame
(refer to the flowchart in Figure 2). This mechanism renders
the developed system dynamic, as manual registration is not
required for enrolling new faces. This approach is feasible
because the facial matching process is not intended for
verifying individuals' identities, but solely for distinguishing
one visitor from another. The necessity to identify distinct
visitors aims to establish an accurate visitor count system.

To obtain new visitor faces, the Viola-Jones algorithm is
employed for face detection. This choice is made due to the
Viola-Jones algorithm having a quicker computational time
compared to HOG, even though it offers lower accuracy [25].
When capturing visitor faces, extremely high accuracy in face
detection is not required; instead, speed takes precedence. A

lower face detection accuracy suffices to ensure that the
captured image truly represents a frontal, clear facial view.

The method used for capturing new faces is described in
Figure 8.
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Figure 8. Method to Capture Face

The pre-trained model utilized is provided by OpenCV.
During image preprocessing, the camera frame is transformed
from RGB to grayscale, as color features are unnecessary for
subsequent processes. This grayscale image is then converted
into an integral image or what's known as a summed-area
table. The result is the sum of pixel values within a rectangular
region of an image. This is generated from the original image
through cumulative pixel value summation. Each value within
the integral image signifies the cumulative sum of pixel
values above and to the left of its corresponding pixel in the
original image.

The Haar Cascade classifier operates via a sliding window
technique. A rectangular window of varying sizes traverses
the integral image. Within each window, a series of Haar-like
features are computed. These Haar-like features consist of
simple rectangular patterns that capture intensity variations.
These features represent contrasts between adjacent areas of
the image and encompass characteristics like edge features,
line features, and center-surround features. An illustration of
a Haar-like feature is depicted in Figure 9 [26].
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Figure 9. Haar-like Feature

The Haar Cascade classifier uses a boosting algorithm
called Adaptive Boosting or AdaBoost [27]. AdaBoost
combines a set of weak classifiers (individual Haar-like
features) into a strong classifier. It assigns higher weights to
misclassified samples, allowing subsequent weak classifiers
to focus on the hard-to-classified examples. The Haar
Cascade classifier employs a cascade of classifiers to
efficiently reject non-face regions. This cascade consists of
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multiple stages, each with a set of weak classifiers. Non-face
regions can be quickly rejected in the early stages, while more
computation is spent on potential face regions. To eliminate
duplicate detections, a non-maximum suppression step is
applied. Overlapping detections are pruned by retaining only
the one with the highest confidence score. This ensures that
each detected face is only captured once.

C. Remove Faces

This process is an additional step required due to
limitations in the specifications of the utilized devices. To
ensure that the stored facial images are valid, meaning they
are indeed facial images and clear, each segment of the facial
image to be stored undergoes a preliminary check. There are
two conditions to determine whether a facial image segment
should be retained or discarded.

The first condition involves checking whether the image
segment is a facial image and whether the face to be stored
already exists. To examine facial images, the same method
used in the face recognition section is employed. The second
condition involves assessing the clarity of the facial image
segment. This assessment is conducted using the Laplacian
operator [28]. The Laplacian operator is employed to detect
image blur. It identifies edges and details within an image by
calculating the second derivative of the image intensity
concerning its position. When used to detect blur, the
Laplacian operator indirectly emphasizes areas with low high-
frequency components, which typically indicate sharp edges
and intricate details. Applied to a blurred image, the Laplacian
response is reduced in regions affected by blur. Based on trial
and error, the threshold used to determine whether an image
is blurry or not is set at 50.

D. Web Server Application

The application built on the remote web server is utilized
to manage log data and facial data sent by the locally running
facial recognition application. Data is transmitted using the
HTTP protocol, which is handled by PHP on the web server.
Log data is stored using the relational database management
system MySQL, while facial images are stored as JPG files
on the web server.

Log data is stored within a table in the database with the
structure shown in Figure 10.

=]
¥ Had -
id int unsigned
logDate datetime
person  varchar(25)

Figure 10. Logs Data Structure

The constructed website encompasses several features,
including a login mechanism, a dashboard page, a history
section, and a page for generating reports.

I11. RESULTS AND DISCUSSION

The system developed was tested at the library of Institut
Teknologi dan Bisnis STIKOM Bali. The library has a single
entrance for visitors. The visit procedure in the library
requires new visitors to input their membership ID on a
computer located near the entrance to record their visit. The
developed system was placed on the same computer, resulting
in two records for entering visitors: (1) Based on facial
recognition; (2) Based on membership ID input. Both sets of
data were used and matched to assess the performance of the
facial recognition system. The testing was conducted over two
days from August 14th to August 15th, 2023. Figure 11 shows
a diagram illustrating the testing scheme conducted.

B <>

‘ HTTP Request
!'- and Response

Visitor 1D, visitor
log by face

Visitor Form

Face detection

HTTP Request

and Response “:

Computer

Visitors

Figure 11. Testing Scheme

A. Facial Recognition Data

Figure 12 shows facial capture results from the developed
system. A pixelate (mosaic) filter has been applied to the
screenshots to preserve visitors’ privacy. These locally
captured files are periodically uploaded to the web server
using triggers whenever a new face is added.

Figure 12. Visitor Facial Data

The file naming system for newly stored faces is
automatically generated using sequential humbering and a
timestamp to prevent duplicate filenames.

Figure 13 shows the logs stored on the web server. These
logs are created based on the data sent by the facial
recognition application. The display in the image represents
the history log view within the developed web application.
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History DATA COMPARISON ON THE FIRST DAY OF TESTING
hovl® = Visitor Form Data Log History
‘ SRR P Institution Chg;l{((;m ID | Log Date File Name
1691986175.1838043jpg STIKOM |8/14/2023| 1 |8/14/2023 [1691982807.8329704.jpg
160 Bali 8:09 8:09
! STIKOM |8/14/2023 | 2 |8/14/2023 [1691983138.1523836.jpg
e Bali 8:30 8:30
. . STIKOM |8/14/2023 | 3 |8/14/2023 [1691986175.1838043.jpg
Figure 13. Log History Bali 9:01 9:01
STIKOM |8/14/2023 | 4 |8/14/2023 [1691986287.0878823.jpg
B. Visitor Visit Form Data Bali 9:17 9:17 _
Table I contains data collected from the visitor visit form STI'B':EM 8/ 13_/22523 518 13,/22523 1691991530.9594533.jpg
filled out by visitors on the computer. _Certaln data details STIKOM |8/14/2023 | 6 |8/14/2023 [1691992769.1820922.jpg
have been concealed to safeguard data privacy. Bali 9:46 9:46
STIKOM |8/14/2023| 7 |8/14/2023 [1691997082.2824357.jpg
VISITO-II;AI\:E?)_:I\/II DATA Bali 10:19 10:19
STIKOM |8/14/2023 | 8 |8/14/2023 {1691997156.285768.jpg
visitor_id | member_id | institution checkin_date Bali 10:50 10:50
57672 2000***48 | STIKOM Bali | 8/14/2023 8:09 STIKOM |8/14/2023| 9 |8/14/2023 [1691998325.078004.jpg
- Bali 12:16 12:16
57673 2000***80 | STIKOM Bal 8/14/2023 8:30 -
! STIKOM |8/14/2023 | 10 | 8/14/2023 [1691999314.7957132.jpg
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57676 2200***37 | STIKOM Bali | 8/14/2023 9:28 Bali 12:34 12:34 _
57677 | 2000~*64 | STIKOM Bali | 8/14/2023 9:46 STIKOM 18342023 12 8/14/2023 11692000853.7111306.Ipg
57678 2000***52 | STIKOM Bali 8/14/2023 10:19 : -
57679 2000***26 | STIKOM Bali 8/14/2023 10:50 . .. .
7680 2000728 | STIKOM Bal! SI142023 12-16 On the second testing day, 16 visitors entered the library.
a! i The stored logs based on facial recognition registered 15
57681 2100***77 | STIKOM Bali | 8/14/2023 12:17 visitors, while the data from the visit form recorded only 10
57682 1700***28 | STIKOM Bali | 8/14/2023 12:34 visitors. Based on on-site observations, which involved direct
57683 2000***66 | STIKOM Bali | 8/14/2023 12:59 observation and reviewing CCTV footage, it was noted that
57688 2200***39 | STIKOM Bali | 8/15/2023 7:00 some visitors entered without registering their presence on the
57689 2200%**89 | STIKOM Bali | 8/15/2023 7-01 form. Furthermore, one visitor's face wasn't successfully
57690 200088 | STIKOM Bali | 8/15/2023 7-28 cap_tured by_the system due to quick movement within the
7601 2000747 | STIKOM Bali | 8/15/2023 925 facial detection area. Table 11l shows a comparison between
: the two sets of data.
57692 2000***29 | STIKOM Bali 8/15/2023 9:25
57693 2000***95 | STIKOM Bali 8/15/2023 10:59 TABLE Il
57694 2000***48 STIKOM Ba“ 8/15/2023 14:25 DATA COMPARISON ON THE SECOND DAY OF TESTING
57695 2000***95 | STIKOM Bali 8/15/2023 15:36 Visitor Form Data Log History
57696 2000***93 | STIKOM Bali | 8/15/2023 16:30 Institution| Check-in | ID | Log Date File Name
- Date
57697 1900***99 | STIKOM Bal 8/15/2023 16:31
& STIKOM | 8/15/2023 | 13 | 8/15/2023 [1691982807.8329704 jpg
C. Data Comparison ST?E:II)M 8/175:/2%23 14 8/175:/(;(())23 1692000853.7111306.j
On the first day, August 14th, 2023, 12 visitors entered the Bali 7:01 7:01 ' g
IIbI‘ary. The S’[O_re_d IOgS baSEd_On_faClal recognltlon and the STIKOM |8/15/2023 | 15 | 8/15/2023 16920663168154614]]39
data from the visit form both indicate the same number, 12 Bali 7:28 7:28
visitors. The recorded time difference between the two sets of STIKOM | 8/15/2023 | 16 | 8/15/2023 [1691997082.2824357.jpg
data is less than one minute. Table Il shows a comparison Bali 9:25 9:25
between the two datasets. STIKOM | 8/15/2023 | 17 | 8/15/2023 {1692071994.2014377..jpg
Bali 9:25 9:25

Real-Time Visitor Counting with Dynamic Facial Recognition using Python and Machine Learning
(I Made Bhaskara Gautama, et al.)




134

e-ISSN: 2548-6861

STIKOM | 8/15/2023 | 18 | 8/15/2023 [1692075819.6012323.jpg

Bali 10:59 9:40
STIKOM | 8/15/2023 | 19 | 8/15/2023 [1691986288.4124672.jpg
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Bali 16:30 14:25
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16:24
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16:30
27 | 8/15/2023 [1692103658.7218068.jpg
16:31

D. Discussion

Based on the data obtained from the conducted testing, the
system has performed well. Out of 28 visitors, 27 were
successfully captured by the facial recognition system.
Failures in counting visitors were attributed to visitors not
being within the detection area for a sufficient duration, thus
preventing the system from conducting accurate counting.
The constructed system must initially detect faces to facilitate
matching. However, due to the face detection method's
accuracy not being 100%, there is a possibility of undetected
faces. Consequently, in certain cases, visitors may need to
remain within the detection area and adjust their positions
until their faces are detected.

In the testing location, there isn't yet a strict physical
mechanism that forces visitors to enter the detection area.
Visitors might bypass or swiftly pass through the detection
area. Given the limitations of the camera's detection area, a
physical mechanism governing visitor entry should be
established to optimize facial capture by the system.

IVV. CONCLUSIONS

More accurate visitor counting can be achieved through
computer vision. The constructed system, developed using the
Python programming language, operates by detecting visitor
faces and conducting counting based on the detected faces. To
prevent the same visitor from being detected multiple times,
a facial recognition method with dynamic facial data
collection is implemented in this research. Face detection and
recognition are accomplished using a model based on
Histogram of Oriented Gradients (HOG) and Linear Support
Vector Machine (SVM). The process of capturing unknown
new faces is performed using a model based on the Haar
Cascade method. The developed system successfully counted
27 out of 28 visitors over two days. Nonetheless, the system
still possesses limitations, particularly in terms of the

restricted detection area. Therefore, a physical mechanism
that requires visitors to undergo facial scanning and
registration needs to be implemented, ensuring that recorded
data matches the actual visitor count. Subsequent research is
recommended to enhance object detection with cameras
positioned further away, enabling the counting of incoming
and outgoing visitors using a single camera. This approach
would disregard visitor details and solely provide actual
visitor data present within the premises.
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