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CONVOLUTIONAL NEURAL NETWORK
AND HAVERSINE KORMULA IN PRESENCE
SYSTEM FOR EASY ATTENDANCE

*Note: Sub-titles are not captured in Xplun1 and should not be used

Abstract—As COVID-19 cases continue to rise, minimizing
physical contact is essential to curb the virus;.j spread. IDE
LPKIA], an educational institution, currently used a centralized
attenddnce system based on fingerprint scanning, which
increases ph 1 contact and thus the potential for virus
transmission. To address this issue, this rmrceﬂposm anew
attendance system that allows employees to mark their
attendance independently using their personal smartphones,
eliminating the need for centralized attendance stations. The
proposed system integrates facial recognition and location
radius technology. Facial recognition is implemented using a
convolutional neura@twork (CNN) to ensure accurate
identification] while the Haversing formula is employed to
calculate the location radius, ensurEiLg attendance can only be
registered within a specific geographic area around the
institution. This approach not only reduces physical contact but
also prevents attendance fraud, as employees can only check in
based on their facial identity and within the defined location
radius. This system aims to enhance safety and integrity in
attendance tracking amidst the ongoing pandemic.

Keywords— Face Recognition; attendance; convolutional neural
network; haversine| formula.

1. INTRODUCTION

Currently the number of the spread of COVID-19 is
increasing, so a system is needed to reduce the spread of
COVID-19. One place that 1s no exception is institutions,
likes educational, health, office and government agencies.
Therefore, the use of information technology in today's era is
so important. Technology that is currently used in various
aspects of human life is currently using information
technology in everyday life[1]. This is also inseparable from
the application of technology in the attendance system A
concise and factual abstract is required[2], [3].

To further enhance the effectiveness of these
technology-driven  attendance systems, several key
advancements can be incorporated. For instance,
implementing contactless biometric systems, such as facial
recognition or iris scanning, can streamline the check-in
process while minimizing physical contact. Additionally,
incorporating real-time health monitoring features, such as
temperature checks or symptom reporting, into the
attendance system can provide an added layer of precaution.
This allows institutions to quickly identify and address
potential health risks, thereby preventing potential outbreaks.

Moreover, integrating geo-fencing technology with
attendance systems can ensure that individuals are present
within designated areas and comply with location-specific
health regulations. Data analytics can also play a crucial role
bylanalyzing attendance patterns and detecting anomalies that
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may indicate potential health concerns or breaches ilj
protocol. These data-driven insights can inform decision
making and help institutions respond proactively to emerging
trends.

Overall, the integration of advanced technologies in
attendance systems not only enhances operational efficiency
but also aligns with public health measures, contributing to a
safer and more responsive environment. As the pandemic
continues to evolve, ongoing innovation and adaptation of
these systems will be essential in supporting institutional
resilience and safeguarding public health.

Attendance is an activity that is often carried out
almost every day both for employees at work, currently the
attendance device used by employees, or the community is
quite developed and diverse, such as one of them using
fingerprints and so on [4], but it is very unfortunate that the
attendance method still has several shortcomings such as
hardware damage and being required to make physical
contact so that this can be a medium for the spread of
COVID-19[5]

The Attendance System is an important factor for a
government office or a company to achieve work goals, this
is related to discipline which has an impact on the
performance of each employee. So the face recognition
system for the attendance system can reduce physical contact
and reduce the chances of spreading and adjusting the
location when attendance can also be a consideration for not
e(ing attendance outside the reach of an agency.
Convolutional] Neural Network (CNN) is a type of neural
network comrhonly used in image data. CNN can be used to
detect and recogtiize objects in an image . CNNis a technique
inspired by the way mammals and humans produce visual
rcepli()n [6]. Haversingymethod The formula of this method
1s used to calculate the diktance between points on the earth's
surface using latitude and longitude as input variables . The
haversing| formula is an important equation of navigation,
giving the great eircle distance between two points on the
surface of a sphere (earth) based on longitude and latitude .

Based on this, it is necessary to develop the existing
Attendance System because several attendance systems in
agencies Currently the attendance recording process is still
mostly done manually and is considered less effective [7], so
in this study the attendance recording process will be carried
out with face and face recognition[8]. checking radiug from
agencies using the android platform which is considered
capable of efficient attendance recording time and reducing
physical contact so as to reduce the spread of COVID-19.

To address the shortcomings of current attendance
systems, this study proposes the implementation of advanced




technology that integrates facial recognition and location

Protolype Development

radius assessment[9][10]. Facial recognition technology
based on Convolutional]l Neural Networks (CNNs) will be
used to ensure accurate and rapid identification. CNNs,
inspired by how humans and mammals process visual
information, are effective in detecting and recognizing image
patterns, including facial features [11]. This technology will
help reduce the risk of attendance fraud and minimize the
need for hardware that may malfunction or become a source
of physical contact, which is crucial for preventing the spread
of COVID-19.

In addition to a:iill recognition, the Haversine ™~
formula will be applied to calculate the distance between
points on thﬂmEarth's surface based on latitude and longitude
[12]. This formula allows the system to verify that attendance
can only be recorded within a specified geographic radius
around the institution[13], ensuring data accuracy and
preventing attendance from unauthorized locations.

Furthermore, integrating the Haversing formula into
the attendance system introduces an additional layer of
verification by cross-referencing the geographic coordinates
of a user's location with predefined attendance zones. This
geographical constraint helps ensure that attendance records
are accurate and reflect the physical presence of individuals
within the designated area, thereby mitigating risks
associated with fraudulent attendance practices.
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By setting up gcnibncinng::lr;lmeters, the system can
automatically flag or reject attentlance entries from outside
the approved radius, thereby enhancing the integrity of
attendance tracking. This approach not only improves the
precision of location-based verification but also reinforces
the security of the attendance process, making it less
susceptible to manipulation or misuse. Future updates could
explore combining this geographic data with other contextual
information, such as time stamps or additional authentication
methods, to further bolster the system’s reliability and
robustness.

II. METHOD

To This study aimed to face recognition research
and radius processing which is applied in the form of a mobile
application in the presence system is built with a prototype
model. The prototype model is used in this study to carry out
the application development process. Each process has its
own specifications so that the system can be developed
according to what is desired (right on target).

In the application development process, there 1s an
algorithm that is used to carry out the classification process,
which is using a {:nn\-‘ululiullellk]eur;ll nmrk & hel\"ers1l11
formula. The following is a flolchart of the research desigr
described in Figure 1.

Figure 1. Application research and development flow

In Figure 1 above is a research flow from system
development, then ends with an evaluation of the results, in
the prototype development process, there are sub-processes
in it, because in the system development procesy there is a
system development model, namely the prototype
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Figure 2. Anallysy.\i Pl’ululypci

The initial process is to do data training then do the
convolutionall neural network process which consists of
convolution, lfiltering, pooling, flattening, then stored in
internal storage . The face recognition authentication process
uses a classification neural network which is the same as the




previous training data. If a face is detected, it will then take
the user's location and check the radius that has been
determined. If the location is already within the radius,
attendance can be done.

The GPS signal strength falls below a certain
threshold (e.g., less than -80 dBm) or GPS signal is
unavailable within a 450-meter radius from the reference
point, the system should automatically switch to an
alternative location determination method such as Wi-Fi
triangulation or Bluetooth beacons. Implementing rule-based
or machine learning algorithms for switching, along with
testing in various environments, can help determine the best
method based on signal conditions and ensure effective
transitions between GPS and alternative methods.

HI. RESULTS AND DISCUSSION

The \Llhis stage according to the prototype. Information of
thirty ¥aces is stored in database] and one location that has
been sct for testing, namely the PKL;\ILLD which will be
used later for system testing. Face informatioh that has been
stored in the database is registered through the mobile
prototype. The mobile prototype will communicate with the
database using zuj API either during verification or
rcglslrallimi and that applies to face recognition and radius
calculationt. The mobile prototype for face recognition and
radius calculation as shown in Figure 3.
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Figure 3. Mobile Pmlulypci

The experimental results on face recognition using
the cnn model are shown in Tables 1 and 2, and Figure 4
while the h;l\-‘crsinct formula is shown in table 3. Face
recognition testing ubes a static match test model. The static
match test aims to determine the speed performance of the
face recognition/face identification application in
a;()gnizing an input image.
The results of the static match test are shown in table 1.
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Table 1. The pedformance of Static Match.

Image Face Identification
Testing Time Second Error Rate
Name
Rizqyl 0.11 0.29
Rizqy2 0.11 032
Rizqy3 0.13 041
Rizqy4 0.12 042
Rizqy5 0.13 0.36
Taufik1 0.13 034
Taufik2 0.14 037
Taufik3 0.11 0.26
Taufik4 0.11 031
Taufiks 0.12 0.39
Anisal 0.13 033
Anisa2 0.15 0.30
Anisa3 0.17 0.29
Anisad 0.13 028
Anisa5 0.12 032
Rizkyl 0.17 035
Rizky2 0.13 045
Rizky3 0.16 042
Rizky4 0.15 047
Rizky5 0.11 049
Rizall 0.12 043
Rizal2 0.11 045
Rizal} 0.15 032
Rizal4 0.14 035
Rizal5 0.11 033
Rezal 0.14 0.24
Reza2 0.16 0.25
Rezal 0.17 033
Rezad 0.13 0.38
Rezas 0.12 045

The table 1. describes the results of the static math test with
the aim of knowing the results of application performance
and the error rate results generated from the neural network
process at the fully connected layer stage. This test only tests
face identification, because it focuses on testing s_\'slcnj
performance and finding the error rate from the training data
results.

The implications of the results presented in Table | are
significant for evaluating both the performance and the
reliability of the application. By focusing exclusively on face
identification, the test highlights how well the application’s
neural network performs in accurately recognizing and
distinguishing faces[14], [15]. The observed error rate
provides valuable insights into the effectiveness of the fully
connected layer stage within the neural network.

1. Performance Assessment: The data indicates how
well the application can perform face identification
tasks under static conditions. High accuracy
suggests that the application can effectively use
neural network processing to identify faces[16],
[17], making it reliable for scenarios where face
recognition is crucial.

Error Rate Analysis: The error rate results offer an
understanding of the potential limitations and areas
for improvement within the system. A higher error
rate may point to issues such as insufficient training
data, suboptimal network architecture, or inadequate
feature extraction methods. This analysis can guide
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future adjustments and enhancements to reduce
errors and improve overall performance.

3. System Reliability: By concentrating on face
identification, the results shed light on the
application’s capability to handle specific tasks.
This focused testing approach allows developers to
pinpoint specific challenges related to face
recognition and address them, potentially increasing
the system's robustness.

4. Training Data Insights: The results from the
training data can help in assessing the quality and
representativeness  of the dataset used. If the
application performs well with the given data, it
implies that the training data is of good quality.
Conversely, if the error rate is high, it may
necessitate revising the dataset to include more
diverse and comprehensive samples.

Opverall, these implications underscore the importance of
continuous testing and refinement. By addressing identified
issues and leveraging insights gained from error rate analysis,
developers can enhance the accuracy and reliability of the
face identification system in real-world applications.

Then will be presented a graph of the overall results of the
test results are shown in Figure 4.
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Figure 4. Mobile Prototype

The line graph illustrates the results of the static
match test by 30 test data. In the graph, it can be concluded
that the fastest time obtained is 0.11 second and the lowest
error rate is 0.26. for the longest time obtained is 0.18 second
and the highest error value is 0.38

The results obtained by the application from the
performance test and error rate test are very dependent on
field conditions, many factors support the test results, such as
camera quality, light intensity, perforlneuwrja()f the device
used[18], [19]. From the results of the static mlatch test, it can
be obtained the assessment results in the form of the average
of the maximum, minimum, and il\’cl‘ilch()f the total test data
carried out which is presented in the follbwing table.

Table 2. The assessment match static

Assessment Time Second Error Rate
Minimum 0.11 024
Maximum 0.17 049

Average 0.132 0.356

From the assessment table above, it can be concluded that
from the total data, the entire application can recognize an
input image in the fastest time of 0.11 seconds with the lowest
error rate ranging from 0.24. Then the longest level of time
taken by the application in recognizing an input image is
around 0.17 seconds with the highest error rate of 049. Then
the average of the fastest time and the error rate by the
application is 0.132 second and the error rate is around 0.356.
Next, verify the user's position with an agency as mentiod
earlier radius of 5()11iinside and ()ut the radius. At this
stage, a comparison i$ made between the distance calculated
from the Haversing] formula and the distance calculated from
the Google Maps API calculation to get effective results. the
rcsull\md shown in table 3.

Table 3.(.’alcu|uli0n.1 Effectives Results
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From the tests that have been carried out with
different user positions within the radius and outside the
radius, the result§san be seen in the table above, that this
application has a good accuracy in dé&frmining the distance
based on the comparison provided by Google Maps API with




the ][an'ur.\.im.lcellculelliun formula] The use of this application
will be better Ifit is used indoors, Because if it is used indoors,
the accuracy will decrease or be inaccurate. This is because
there is a possibility that the GPS signal used will interfere
with other signals or the GPS signal will be blocked by
buildings.

To address these limitations and improve accuracy,
several enhancements can be considered[3], [20].
Implementing indoor positioning systems such as Wi-Fi
triangulation or Bluetooth beacons could significantly boost
location precision in environments where GPS signals are
weak or obstructed. Additionally, incorporating algorithms
that can intelligently switch between GPS and other
positioning methods based on signal strength or availability
may further enhance reliability[21], [22]. Further testing in
various indoor settings will help refine these approaches and
ensure that the application maintains its performance across
different conditions. Continuous updates and optimizations,
informed by user feedback and technological advancements,
will be essential for maximizing the effectiveness of the
application in diverse environments.

L‘rilica1 Review of the Study's Limitations

1. Limited Data and Sample Size:

e Small Data Set: Currently, the database includes
information from only thirty faces. This may not be
sufficient to provide a comprehensive understanding
of the system's performance, especially in real-
world scenarios that may involve a wider range of
variables and facial diversity.

e Data Variability: If the facial data used for testing
is not sufficiently diverse, the results obtained may
not accurately reflect the system's performance
outside the sample used. For instance, the results
from testing a specific group of individuals may
differ from those of a more diverse population.

2. Static Match Test Evaluation:

. LimilaliomLol' Static Match Test: This test only
evaluates the speed and error rate in face
identification without considering other variables
such as lighting conditions, viewpoint, or facial
expressions. Additional testing under various
lighting conditions and facial angles would provide
a more comprehensive understanding of the
system's robustness.

¢ Error Analysis: Although the data presents the
range of times and error rates, a detailed analysis of
the specific causes of errors (e g., lighting conditions
or camera quality) is lacking. This could provide
deeper insights into how to reduce errors.

3
3. Haversine Formula and Google Maps API
Comparison:

e Comparison Limitations: The comparison
between the Haversingl formula and Google Maps
API provides insights linto accuracy but does not
address the limitations of each method. For
example, the Haversingl formula assumes the Earth
is a perfect sphere, whereas its shape is slightly
oblate.

¢ Environmental Impact: Distance measurement
accuracy may be affected by environmental
conditions such as obstructed or weak GPS signals.
A more in-depth evaluation is needed to understand
how these factors influence the results.

4. Recommendations for Improvement:

e Indoor Positioning Methods: Implementing
indoor positioning systems like Wi-Fi triangulation
or Bluetooth beacons could indeed enhance
accuracy in areas with weak GPS signals. However,
further implementation and testing in various indoor
environments are required to ensure their
effectiveness.

e Adaptive Algorithms: Incorporating algorithms
that can intelligently switch between positioning
methods based on signal strength or availability
could further enhance reliability. Evaluating how
these algorithms perform in different scenarios is
necessary.

By addressing these limitations, it is anticipated that future
research and system development will place greater emphasis
on enhancing accuracy and reliability under diverse
operational conditions.

IV. CONCLUSIO

From the results of research and testing that have been carried
out for the implementation of the convolutionall neural
network method and the haversing formula methodl for the
presence system, it can be appliedlaccording to the method

and the results obtained are the use of the C{)I'I\"Olllll()l'lil]\

neural network method and the hel\-‘crsintormulel method can
be combined reliably to support the predence independently,
because it uses biometric authentication in the form of face
recognition and calculation of the distance from the user's
point in real time with a predetermined radius so as to reduce
the spread of COVID-19.
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