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Abstract

Conventional gym membership administration still depends on manual member recording, front-desk identity verification, and
separate payment confirmation. These processes may cause duplicated data, delayed membership validation, repeated checking
by administrators, and limited real-time transaction monitoring. This study aimed to design, implement, and evaluate an NFC-
based cashless payment and membership management prototype integrated with a payment gateway. The evaluation focused on
measurable technical indicators, including NFC-based transaction completion time, page load time, transaction funnel metrics,
and initial web security risk. The system was developed using the Software Development Life Cycle (SDLC) Waterfall model
and tested in a single fitness-center case study. The prototype included administrator login, dashboard monitoring, NFC-based
check-in, member balance top-up, transaction management, API-based data acquisition, payment gateway integration, and NFC
data transmission through a WebSocket bridge. The test results showed that the NFC tap-and-go mechanism completed member
identification and transaction processing in less than 30 seconds. The average page load time was approximately 1.9 seconds.
Descriptive transaction metrics produced a conversion rate of 57.3% and a cart abandonment rate of 28.8%; however, these values
should be interpreted cautiously because the current study did not establish a validated benchmark, sample-size justification, or
direct comparison with the previous manual system. Security testing showed a low-risk status, with 40 assessment modules
completed and no critical, high, or medium vulnerabilities detected during the initial test. These findings indicate that the
prototype is technically feasible for integrating member identification, attendance validation, balance management, and payment
confirmation in one gym management system. Nevertheless, further research is required to compare the prototype with the
existing manual process, measure identification accuracy quantitatively, define evaluation benchmarks, and test the system across
multiple fitness centers before broader implementation.
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Introduction

The burgeoning trend of healthy lifestyles among the public has catalyzed a significant increase in fitness center
memberships. This growth necessitates the implementation of service systems that are more effective, efficient, and
well structured [1]. Currently, many gym facilities still rely on conventional methods for payment processing and
membership recording [2], Transactional data management often depends on manual entries in physical ledgers or
rudimentary spreadsheet applications, which are highly susceptible to human error [3], data duplication [4], and the
risk of physical data loss [5]. Furthermore, many systems lack digital integration [6], requiring members to be
physically present at the gym premises solely to process payments or renew memberships [7]. Certain payment
methods, such as credit card transactions lacking robust encrypted security systems, are still perceived as risky by
customers due to the threat of online fraud [8].

In the operational context of fitness centers, membership and payment management are not merely administrative
activities, but also determine service speed, data accuracy, and member access control. A gym administrator must
verify whether a member is active, record attendance, confirm payment status, update membership validity, and
manage renewal transactions. When these processes are handled manually or through separated applications, the
service flow becomes inefficient because staff must recheck member data, payment evidence, and membership
expiration status repeatedly [2], [3]. This condition may cause delayed check-in, inaccurate membership records,
duplicated data, and difficulties in monitoring daily transactions and member activity in real time [4].

According to information from Bank Indonesia, the digital transaction scene in Indonesia has demonstrated
consistent and significant growth from 2021 through anticipated figures for 2025. In the year 2021, transactions in
digital banking totaled IDR 39,841.14 trillion, which represented a 45.64% increase compared to the previous year,
along with marked advancements in the values of electronic money and e-commerce [9]. This increasing trend
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persisted into 2022, as the volume of digital banking saw a rise of 28.72%, reaching IDR 52,545.8 trillion, while the
transactions for electronic money and e-commerce respectively grew to IDR 399.6 trillion and IDR 476 trillion [10].
By the year 2023, total digital payments amounted to IDR 59,411.1 trillion, driven by an extraordinary 126.3% growth
in QRIS transactions, with the overall value of the digital economy reaching USD 82 billion [11]. Projections for 2024
indicate that total digital payments will fall between IDR 70,330.6 trillion and IDR 70,890.4 trillion, with QRIS
transaction numbers anticipated to rise by 191.6% [12]. Looking towards 2025, it is forecasted that total digital
payments will increase substantially, ranging from IDR 78,563.1 trillion to IDR 104,612.5 trillion, supported by
notable growth in BI FAST transactions and a digital economy value expected to be between USD 109 billion and
USD 146 billion [13], [14].

QR code framework established by Bank Indonesia to facilitate digital payments through server based electronic
money applications, e-wallets, and mobile banking [15]. Although QRIS is considered efficient, the system is not
without flaws; it entails risks such as fraudulent transaction proof, transaction security vulnerabilities, and payment
delays [16].

The rapid growth of digital payments in Indonesia indicates that users are increasingly familiar with non-cash
transactions; however, gym membership services require more than a payment channel. The system must be able to
connect payment confirmation with member identity, attendance access, balance top-up, and membership renewal in
one integrated workflow. QRIS and other digital payment methods provide convenience, but they still depend on
external payment confirmation and may face risks such as fraudulent payment proof, transaction delays, or incomplete
synchronization with internal membership databases [15]. Therefore, a gym management system requires a digital
payment mechanism that is not only fast, but also directly linked to member validation and transaction recording.

While digital payment methods vary, Near Field Communication (NFC) technology offers distinct advantages.
NFC provides an acceptable level of security and superior functionality in several aspects. NFC enabled transactions
can be executed without an internet connection, making it an effective solution in areas with limited connectivity [17].
It facilitates "tap and go" transactions where devices (such as smartphones or contactless cards) are simply tapped
against a payment terminal [18]. The requirement for close proximity typically between 1 to 10 cm [19], limits the
ability of attackers to intercept data during transfer [20]. Furthermore, NFC allows for rapid transactions, often
completed in under 30 seconds, which is significantly faster than manual cash handling or traditional credit card
processing [21]. While other digital methods (e.g., e-wallets, traditional debit/credit cards, or QR codes) offer
convenience and incentives, NFC excels in providing high speed transactions bolstered by stronger default data
security layers [22], particularly through the use of encryption elements and restricted communication ranges [23].

Payment gateways also play a pivotal role in the digital transaction ecosystem. A payment gateway is an online
transaction system that authorizes payments via credit cards, bank transfers, or other direct payment methods,
facilitating secure processing without the need to navigate banking websites or visit ATMs [24]. These gateways
protect payment information by encrypting sensitive data, such as credit/debit card details, ensuring secure
transmission between the customer and the payment processor [25].

Based on the research conducted, this digital payment system for gym memberships successfully designed and
implemented a payment and membership management framework based on Near Field Communication (NFC)
integrated with a payment gateway. The developed system addresses various operational bottlenecks in gym
administration previously handled conventionally such as manual recording, human error, data duplication, delayed
information updates, and service limitations requiring physical presence. Implementation results demonstrate that
membership transactions, renewals, and data management can be performed more rapidly, accurately, securely, and
systematically, thereby fostering a modern and efficient gym service environment.

Previous studies on NFC-based payment systems show that the development of this technology has moved through
several stages, ranging from user acceptance analysis, payment adoption in public services, prototype development,
to operational implementation in specific transaction environments. Aloufi [26] examined consumer intention to adopt
NFC mobile payment using an extended Technology Acceptance Model combined with self-efficacy theory. The
study contributed to explaining psychological and behavioral factors affecting NFC adoption, such as perceived ease
of use, trust, perceived usefulness, and self-efficacy. However, its limitation lies in its methodological scope because
the study was based on survey data and statistical modeling, not on the design or implementation of an operational
NFC payment system. As a result, the findings explain user intention but do not evaluate transaction speed, identity
validation accuracy, payment synchronization, or system security in a real service environment.

Daud [27] investigated NFC mobile payment adoption in the public transportation sector in Kuala Lumpur. The
study provided useful evidence regarding public awareness, user attitude, and acceptance of NFC in transportation
services. Nevertheless, the research was still focused on behavioral prediction rather than system integration. The
model explained adoption factors but did not test NFC-based personal identification, membership status validation,
balance management, or integration with an administrative database. Its implementation context was also limited to
public transport, making the findings less directly applicable to gym services, where payment, access control,
attendance recording, and membership expiration must be processed in one operational workflow Engel [28]
developed an NFC-based self-payment machine prototype connected to an ISO 8583 gateway. This study contributed
technical evidence by measuring transaction time, tag reading time, parsing duration, and reading accuracy at different
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distances. The prototype showed that NFC could support relatively fast transactions, with an average transaction time
of 27.3345 seconds and optimal tag reading at a short distance. However, the study was limited to a self-payment
machine architecture and did not address user profile integration, membership validation, attendance recording, or
payment history management. The study also acknowledged the need for faster parsing methods, improved machine
portability, and security testing, indicating that its validity for broader real-world implementation remained limited.

Nurhadi, Suhaidi, and Latip [29] implemented an NFC-based e-money system for parking retribution services.
Their study demonstrated that NFC could support efficient tapping and automated balance deduction in a public
service payment context. The system used card UID, balance data, vehicle levy tariffs, and database synchronization
to process payments. However, the implementation was designed for parking transactions, where the main process is
tariff deduction and transaction settlement. It did not focus on recurring membership management, member identity
verification, attendance logging, membership expiration validation, or payment gateway integration for balance top-
up. The study also recommended the addition of other payment channels such as QRIS and debit ATM, showing that
the payment integration aspect still required further development.

Based on these studies, the development of NFC-based payment systems can be understood in three main
directions. The first direction focuses on user acceptance and behavioral intention, as shown in studies using TAM-
based models. The second direction focuses on the technical performance of NFC prototypes, including reading
distance, transaction duration, and hardware configuration. The third direction focuses on sector-specific
implementation, such as transportation and parking payment systems.

The main research gap in this study is therefore not merely the absence of NFC payment technology, but the
limited integration of NFC-based member identification with gym-specific administrative functions. Gym services
require a system that can validate member identity, check membership status, record attendance, manage member
balance, process top-up transactions, synchronize payment confirmation, and monitor transaction history in one
platform. Previous studies have discussed these components separately, but the reviewed literature does not provide
sufficient evidence of an integrated NFC-based system that connects personal identification, membership validation,
attendance recording, balance management, and payment gateway processing for fitness-center operations.

This study addresses that gap by designing and implementing an NFC-based cashless payment and membership
management prototype for gym services. The focus of this study is limited to operational integration, namely how
NFC UID can be used as a member identification key connected to membership validation, attendance logging,
balance top-up, transaction monitoring, and payment gateway confirmation. The contribution of this study lies in the
development of an integrated prototype and the evaluation of its technical feasibility through transaction processing
time, page load time, transaction funnel metrics, initial security testing, and system performance indicators. However,
because the study is conducted as a single fitness-center case study, the results are not intended to represent broad
generalization across all gym service models.

Thus, the specific gap addressed in this study is the lack of an integrated NFC-based gym membership system that
uses NFC UID not only for payment access, but also for member identity validation, membership status checking,
attendance recording, balance management, payment gateway synchronization, and transaction monitoring in one
administrative platform.

Method

This study employed a design and implementation approach to develop an NFC-based personal identification
system for cashless payment and gym membership management. The research followed the Software Development
Life Cycle (SDLC) Waterfall model because the system development process required sequential and structured stages,
beginning with problem identification and ending with system testing. The stages consisted of planning, requirement
analysis, system design, implementation, and testing and evaluation. Each stage produced a specific output used as the
basis for the next stage.

The main object of this study was a gym membership management prototype that integrates member identification,
NFC-based check-in, membership validation, balance top-up, transaction recording, and payment gateway
confirmation. The system was developed to address conventional administrative problems in gym services, such as
manual member verification, delayed payment confirmation, duplicated records, and limited real-time transaction
monitoring. The research procedure is shown in Figure 1.

—> LPLAMING —l

Figure 1. Research Methodology Flowchart
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Figure 1 describes the methodological stages of this study. The first stage was planning, which identified the
research problem and defined the scope of the prototype. The second stage was analysis, which examined the existing
gym membership and payment process and translated the findings into functional and non-functional requirements. The
third stage was design, which produced the system architecture, database structure, user interface design, and
operational flowchart. The fourth stage was implementation, where the web-based administrative system, NFC reading
mechanism, backend API, database, and payment gateway integration were developed. The final stage was testing and
evaluation, which assessed the functionality, NFC identification process, transaction flow, page load time, initial
security status, and system performance.

A. Planning

The planning stage began with identifying the main operational problems in the selected fitness center. The existing
process still required manual member recording, front-desk identity verification, separate payment confirmation, and
manual checking of membership validity. These conditions could cause delayed check-in, duplicated member data,
inaccurate transaction records, and difficulty in monitoring membership activity in real time.

An on-site observation was conducted to understand the actual service flow, including member registration, check-
in, payment confirmation, balance top-up, and membership renewal. Informal discussions with gym administrators
were also conducted to identify the system features required in daily operations. Based on this stage, the research scope
was limited to developing a prototype for one fitness-center case study. The main output of this stage was the initial
system requirement list and the operational scope of the prototype.

B. Analysis

The analysis stage translated the observed problems into system requirements. The functional requirements included
administrator login, dashboard monitoring, NFC-based member identification, member validation, attendance
recording, balance top-up, transaction management, payment gateway integration, and transaction history monitoring.
The non-functional requirements included system responsiveness, transaction speed, data accuracy, authentication
security, and ease of use.

The analysis also identified the main data entities required by the system, namely administrator data, member
profile, NFC Unique Identifier (UID), membership status, membership expiration date, balance record, attendance log,
transaction amount, payment method, and transaction status. The NFC UID was used as the member identification key.
When a member taps the NFC card or NFC-enabled device, the UID is sent to the backend server and matched with the
stored member data.

The analysis stage also defined the main evaluation indicators used in the study. These indicators included NFC
transaction processing time, successful member validation, page load time, conversion rate, cart abandonment rate,
initial vulnerability scanning result, memory usage, GPU usage, and power consumption. These indicators were selected
to evaluate whether the prototype could support faster member identification, integrated transaction recording, and
feasible technical performance.

C. Design

System Flowchart Design

The design stage converted the system requirements into a technical model. The system was designed as a web-
based gym management platform consisting of a frontend interface, backend API, MySQL database, NFC reading
mechanism, WebSocket bridge, and payment gateway integration. The frontend interface was designed for the
administrator, while the backend handled UID validation, member data processing, transaction recording, and payment
confirmation.

The user interface design consisted of login page, dashboard page, NFC check-in page, balance top-up page, and
transaction management page. The database was designed to store member profiles, NFC UID, membership status,
balance data, attendance logs, transaction records, and payment confirmation data. The system workflow was modeled
using Visual Paradigm and is presented in Figure 2.
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Figure 2. Flowchart diagram

Figure 2 explains the operational flow of the proposed system. The process begins when the administrator opens
the system and enters the username and password on the login page. The system verifies the login credentials by
checking the administrator data stored in the database. If the credentials are invalid, the system rejects access and returns
the administrator to the login page. If the credentials are valid, the administrator is directed to the dashboard page.

After entering the dashboard, the administrator can choose one of the available operational functions. The first
function is NFC-based member check-in. In this process, the member taps an NFC card or NFC-enabled device on the
reader. The system captures the NFC UID and sends it to the backend API. The backend checks whether the UID is
registered in the member database. If the UID is not found, the system displays an invalid account notification and
denies access. If the UID is found, the system continues by checking the membership status and membership expiration
date. If the membership is inactive or expired, the system rejects the check-in process. If the membership is active, the
system records the attendance log and displays a successful check-in notification.

The second function is balance top-up. In this process, the administrator selects the member account and enters the
top-up amount. The system then displays the available payment channel, such as virtual account or other payment
methods provided by the payment gateway. After the payment is created, the system waits for confirmation from the
payment gateway. If the payment is not completed or fails, the transaction status remains pending or failed. If the
payment gateway confirms successful payment, the backend updates the member balance and records the transaction
history in the database. The updated balance can then be viewed on the member balance page and transaction monitoring
page.

API Data Acquisition Design

The API data acquisition design was prepared to describe how NFC-based member identification data are
transmitted and validated by the system. The sequence diagram is shown in Figure 3.
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Figure 3. API Data Acquisition Design
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Figure 3 illustrates the interaction between the NFC reader, frontend interface, backend API, and MySQL database.
The process starts when a member taps an NFC card or NFC-enabled device. The system captures the Unique Identifier
(UID), converts it into string format, and sends it to the backend API using an asynchronous HTTP POST request in
JSON format. The backend then validates the UID by matching it with the member data stored in the database. At the
same time, the system checks membership status, membership expiration date, and payment settlement status. The
backend returns a JSON response containing the validation result and member details. This response is used by the
frontend interface to determine whether the check-in process is accepted or rejected.

Payment Data Acquisition Design
The payment data acquisition design was prepared to describe the transaction communication flow between the
GymKu system, payment gateway, and payment channel. The sequence diagram is shown in Figure 4.
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Figure 4. Payment Data Acquisition Design

Figure 4 shows the payment data acquisition process involving the member application, GymKu backend, payment
gateway API, and bank or e-wallet service. The process begins when a member or administrator creates a balance top-
up or membership payment request. The backend sends the transaction request to the payment gateway and receives a
transaction token or payment instruction. After the member completes the payment, the payment gateway sends a
notification to the backend through a webhook. The backend verifies the notification, updates the transaction status,
records the payment history, and adds the confirmed balance to the member account. This design ensures that payment
confirmation is synchronized with the membership database and transaction monitoring module.

D. Implementation

The implementation stage transformed the design into a functional prototype. The developed system consisted of a
web-based administrative interface, backend API, MySQL database, NFC UID reading mechanism, WebSocket bridge,
and payment gateway integration.

The NFC data transmission process was implemented by reading the UID from the member card or NFC-enabled
device. The UID was transmitted to the web interface through a WebSocket bridge and then forwarded to the backend
API for validation. The backend compared the UID with the member data stored in the database. If the UID matched
an active member account, the system allowed check-in and stored the attendance record. If the UID was invalid or the
membership was inactive, the system rejected the process.

The payment process was integrated with a payment gateway to support balance top-up and membership
transactions. When a top-up request was created, the backend generated a transaction request through the payment
gateway. After the payment was completed, the payment gateway sent a notification to the backend. The backend then
updated the transaction status and added the confirmed balance to the member account.

The implemented modules included administrator login, dashboard monitoring, NFC check-in, member balance
top-up, transaction management, API-based data acquisition, payment data acquisition, NFC data transmission, and
payment gateway notification handling.

E. Testing and Evaluation

Testing and evaluation were conducted to determine whether the prototype met the functional and technical
requirements. Functional testing was carried out on the main modules, including login authentication, dashboard
display, NFC UID reading, member validation, attendance recording, balance top-up, transaction monitoring, and
payment gateway response.
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NFC identification testing was conducted by checking whether the system could read the NFC UID, send the UID
to the backend API, match it with the member database, and return the correct validation result. The main output of this
test was the success or failure of member identification and check-in authorization.

Transaction testing was conducted by simulating the balance top-up process through the payment gateway. The test
examined whether the system could create a payment request, receive payment confirmation, update transaction status,
and add the confirmed balance to the member account.

Performance testing was conducted by measuring page load time, memory usage, GPU usage, and power
consumption. Page load time was used to assess system responsiveness. Memory usage, GPU usage, and power
consumption were used to evaluate the efficiency of computational resource usage during prototype operation.

Transaction funnel evaluation was conducted using conversion rate and cart abandonment rate. Conversion rate was
calculated by dividing the number of completed membership transactions by the number of visitor sessions. Cart
abandonment rate was calculated by dividing the number of users who started but did not complete checkout by the
number of users who entered the checkout process. These metrics were used descriptively because this study had not
yet established a benchmark or direct comparison with the previous manual system.

Security testing was conducted through vulnerability scanning and penetration testing to identify potential risks in
the web-based system. The test focused on detecting critical, high, medium, and low-risk vulnerabilities. The result was
used as an initial security assessment, not as a final guarantee of system security. Further testing is still required before
broader deployment, especially for API security, session management, payment notification validation, and data
protection.

Results and Discussion

This study discusses the design and implementation of an NFC-based cashless payment and membership
management system for fitness center services. The developed system was designed to solve operational problems in
conventional gym administration, including manual membership recording, delayed payment confirmation, repeated
member verification, and the absence of integrated transaction monitoring. The implementation produced several main
modules, namely operational dashboard, NFC-based member check-in, balance top-up, transaction management, API-
based data acquisition, payment gateway integration, NFC data transmission, and system performance evaluation:

A. Dashboard Interface

This interface provides a comprehensive overview of gym operational metrics, encompassing total registered
members, current daily check-ins, monthly revenue, and details regarding impending membership expirations.
Furthermore, it incorporates data visualizations comprising a weekly check-in trend chart and a monthly revenue
graph. The dashboard layout is depicted in Figure 5.

Rp9.272.500 4

Check-InMingguan

Figure 5. Dashboard Interface

The dashboard interface provides a summary of gym operational data in one centralized display. This module was
developed to help administrators monitor daily activities and financial conditions without checking records manually.
Figure 4 shows several important elements of the dashboard, including the number of registered members, daily check-
ins, monthly revenue, and membership expiration information. The display also contains visual charts for check-in
trends and revenue monitoring. These components are relevant to the research objective because they show how the
system integrates membership data, attendance records, and payment information into a single management interface.
Through this dashboard, the administrator can identify active members, monitor visitor activity, and evaluate gym
income more efficiently.

B. Check-in Interface

This interface integrates a Near Field Communication (NFC) check-in mechanism for gymnasium members. The
administrative module facilitates the verification of transmitted member identifiers and maintains comprehensive logs
of historical attendance records for each user. The graphical user interfaces for the check-in module are depicted in
Figure 6.
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Figure 6. Check-in Interface

The check-in interface is the main feature that demonstrates the use of NFC for member identification. In this
module, the member taps an NFC card or NFC-enabled device, and the system reads the Unique Identifier (UID) as
the member identity key. Figure 5 displays the NFC check-in page, which contains the NFC scanning area, member
validation process, and check-in status information. The important part of this display is the automatic verification
mechanism, where the system checks whether the UID is registered, whether the membership status is active, and
whether the member is allowed to access the gym. If the data are valid, the attendance record is stored automatically.
This feature reduces the need for manual identity checking and supports faster member access.

C. Balance Top-Up Page Interface

This module serves as a centralized administrative interface for managing digital balances within the member
ecosystem. The dashboard integrates real time balance monitoring, top-up functionalities, and comprehensive wallet
transaction history for each registered member. Key analytical metrics including total outstanding balances, average
member funds, and active account counts are prominently displayed to facilitate data driven oversight. Furthermore,
the interface provides administrative controls for executing financial transactions and auditing historical logs to ensure
system transparency and financial integrity. The top up page display is shown in Figure 7.

Kelola Saido Member

Kelola Saldo Member

2member p 2 0 Rp284.812,5 8member

Figure 7. Top-Up Page Interface

The balance top-up page was developed to manage member digital balances used for gym membership
transactions. Figure 7 shows the top-up interface, which includes member balance information, total outstanding
balance, average member funds, active account count, and transaction history. The administrator can select a member
account, input the top-up amount, and process the transaction through the available payment channel. This display is
important because it connects the payment process with member account data. When the payment is confirmed, the
member balance is updated in the system, allowing the administrator to monitor financial activities and maintain
transaction accountability.

D. Transaction Page Interface

This module functions as a comprehensive administrative interface for monitoring and managing all membership
transactions within the system. The dashboard presents real time aggregated financial metrics, categorizing
transactions into successful, pending, and failed states, alongside the total cumulative revenue. A detailed
chronological ledger records specific transaction parameters, including unique identifiers, timestamps, member
profiles, subscription tiers, monetary values, payment methods, and current transaction statuses. Furthermore, the
interface incorporates advanced filtering capabilities enabling searches by specific parameters, operational status, and
date ranges and supports data extraction via CSV export for external reporting and auditing purposes. The graphical
user interfaces for the transaction module are depicted in Figure 8.
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Figure 8. Transaction Page Interface

The transaction page functions as the main monitoring interface for all membership and payment activities. Figure
8 shows the transaction management display, which presents aggregated financial metrics, transaction status,
transaction history, and filtering features. The important parts of this interface include total transactions, successful
transactions, pending transactions, failed transactions, cumulative revenue, member identity, subscription package,
payment method, transaction amount, and transaction timestamp. The system also provides search, status filter, date
filter, and CSV export features to support reporting and auditing. This module strengthens the administrative function
of the system because all financial records can be monitored in real time and traced based on specific transaction
parameters.

E. NFC Data Transmission and Reception Process

NFC data transmission from the hardware reader to the web browser is handled through a Python-based bridge
script because standard web browsers have limitations in accessing external NFC reader hardware directly. During
the tapping process, the NFC reader captures the UID and sends it to the web interface through the WebSocket protocol
in real time. After receiving the UID, the client applies a debounce mechanism to prevent repeated readings from the
same card. The UID is then forwarded to the backend server using the Fetch API with an authentication token. The
server validates the UID against the member database and returns the membership status. As a fallback mechanism,
the system also supports the Web NFC API to allow direct UID acquisition from mobile devices with built-in NFC
sensors. This design improves the reliability of NFC reading and reduces duplicate attendance records.

F. Conversion Rate

This assessment is performed to enhance the website's ability to turn casual visitors into registered users. The key
metric is determined by taking the number of successfully finished gym membership transactions and dividing it by
the total count of individual visitor sessions.

Total Conversions

Conversion Rate = ( ) x 100

Total Visitors

The system generates the conversion rate percentage for the website, indicating that a greater figure reflects the
effectiveness of the web admin user interface and user experience (UI/UX) in engaging customers and driving
successful transactions, as well as the appeal of the gym package options. The conversion rate graph is shown in
Figure 9.

Did Not Purchase
{427)

Figure 9. Conversion Rate

Figure 9 shows the conversion rate result of the GymKu system. The chart indicates that 57.3% of visitors
successfully completed a purchase or membership transaction, while 42.7% did not complete a transaction. This result
shows that more than half of the visitors were able to complete the transaction flow through the system. In this
research, the conversion rate reflects the effectiveness of the interface, package presentation, and payment process in
supporting successful membership transactions.
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G. Cart Abandonment Rate

This assessment seeks to examine possible drop offs in transactions for customers showing definite intentions to
buy. The data focuses on individuals who began the checkout process but left the flow at either the form or payment
steps.

Completed Purchases
Carts Created

The ultimate result presents the percentage of Cart Abandonment Rate. A high percentage points to significant
issues within the system like glitches in payment processing, disruptions on the gateway side, or complicated form
fields that require prompt adjustments to reduce the likelihood of losing customers before they complete their
payments. The Cart Abandonment Rate chart is shown in Figure 10.

Cart Abandonment Rate = (1 ) x 100

Abandoned Gart
{Failed to Pay) _
(241) /4

Proceeded to Payment

Figure 10. Cart Abandonment rate

Figure 10 shows the cart abandonment rate result. The chart indicates that 28.8% of users abandoned the cart,
while 71.2% proceeded to payment. This result suggests that most users who entered the checkout stage continued the
payment process. However, the abandoned transaction percentage still indicates that the checkout flow requires
continuous evaluation, especially in payment confirmation speed, form simplicity, and gateway response stability.

H. Page Load Time

This evaluation assesses the technical server performance of the GymKu website. The input metric comprises the
cumulative time, measured in milliseconds, recorded from the initial user request to the complete rendering of the
webpage.

Page Load Time = Time Load Event End — TimeNavigation Start
The output produced shows the typical response duration, where quick loading times (within 2 to 3 seconds) act

as a vital sign of an effectively streamlined system design. This improvement also positively affects the increase in
Conversion Rates and the overall contentment of users. The illustration of Page Load Time can be seen in Figure 11.

Page Load Time Distribution

==+ Average: 1818 ms

Froquency

T
1000 2000 3000 4000 5000 E000 7000 8000
Load Time in Milliseconds (ms)

Figure 11. Page load time

Figure 11 shows the page load time distribution of the system. The average page load time was approximately 1.9
seconds, which is still within the acceptable range for web-based service interaction. A shorter load time supports
better user experience because administrators can access dashboard data, member information, and transaction records
without significant delay. In this research, page load time is relevant because slow access may affect check-in speed,
transaction monitoring, and administrative efficiency during gym operations.
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1. Performance testing

Based on the outcomes from the vulnerability scanning and penetration testing, the GYMKU management system
is deemed to have a generally low risk rating. The system passed 40 security assessment modules in a scanning time
of only 20 seconds. The lack of critical, high, and medium vulnerabilities shows that the backend structure and input

safeguarding measures have strong basic protections against significant exploitation risks. The findings of this analysis
are shown in Figure 12.

Overall risk level: Risk ratings: Scan information:

Crltical: ﬂ Start time: Jun 09, 2026 073221 UTC+03
U | Finsh tme:  Jun D9, 2026 | 07.32:41UTC+03
Medium: u Scan duration: 20 sec
wo [N EOEERIN Finished |

Figure 12. Web Security Analysis

The assessment findings of the created web performance measures show an extremely effective distribution of
computational resources. The performance matrix that emerged is shown in Figure 13.

g' A1 (0 w ST }*
I\l‘l I\I‘ ! AA A LA

ProcessMemoryDump 1

Figure 13. Performance Matrix

Empirical evidence shows a memory usage of 50 MB, which points to a very efficient memory management system
that reduces the chances of slowdowns and unexpected shutdowns on devices with lower specifications. Moreover, a
GPU usage rate of 45% indicates a balanced state between fluid interface visuals and the reduction of overwhelming
graphic tasks, helping to maintain the device's temperature stability. Also, a maximum power draw of 1200 mW
highlights the system's strong energy efficiency during operation, playing a key role in extending battery life. The
comprehensive performance matrix chart can be found in Figure 14.

Memory Usage GPU Usage Energy Consumption
100 100
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801 | 801 1200 1
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1000 1
|
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8
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Figure 14. Performance Diagram

Overall, the implementation results show that the proposed system can integrate member identification, attendance
validation, balance top-up, payment confirmation, and transaction monitoring into one web-based management
platform. The NFC-based check-in mechanism supports faster member verification, while payment gateway
integration improves transaction recording and balance synchronization. The evaluation results also show acceptable
page load time, low-risk initial security status, and efficient resource usage. These findings indicate that the developed

system can improve the efficiency, accuracy, and security of membership and payment management in the tested
fitness-center environment.
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Conclusion

This study designed and implemented an NFC-based cashless payment and membership management system for
gym services to address the limitations of conventional administration, including manual member recording, delayed
membership validation, separated payment confirmation, and limited real-time transaction monitoring. The novelty
of this study lies in the integration of NFC-based personal identification, membership validation, balance top-up,
attendance recording, transaction monitoring, and payment gateway processing within a single web-based gym
management system.

The implementation results show that the NFC tap-and-go mechanism can support member identification and
transaction processing in less than 30 seconds. The system also produced a conversion rate of 57.3%, indicating that
more than half of visitors completed membership transactions through the developed platform. The cart abandonment
rate was 28.8%, showing that most users who entered the payment stage proceeded with the transaction. In terms of
technical performance, the system recorded an average page load time of approximately 1.9 seconds, memory usage
of 50 MB, GPU usage of 45%, and maximum power consumption of 1200 mW. These results indicate that the system
can operate with acceptable response time and efficient resource consumption during prototype testing.

The security evaluation showed that the system obtained a low-risk status after completing 40 vulnerability
scanning and penetration testing modules within 20 seconds. No critical, high, or medium vulnerabilities were detected
during the test. This result indicates that the developed system has adequate initial protection for authentication,
backend processing, and input validation. Since the system processes member identity data and financial transactions,
further security testing remains necessary before wider deployment, particularly for API security, session
management, payment gateway validation, and data protection mechanisms.

Overall, the proposed system can improve the efficiency, accuracy, and security of gym membership and payment
management in the tested fitness-center environment. However, the implementation was still limited to a prototype
and a single fitness-center case study. Further research should conduct broader testing across multiple gyms, measure
NFC reading success rates, transaction error rates, user acceptance, and comparative efficiency against manual or QR-
based systems.

Recommendations

Future development should expand the system to support additional point-of-sale transactions within gym
facilities, including food and beverage purchases, supplements, merchandise, locker rental, and personal trainer
services. Further optimization is also required to ensure compatibility across various Android and iOS devices with
different NFC sensor specifications. In addition, the NFC-based membership validation system can be integrated with
physical access-control hardware such as turnstile gates or smart door locks to automate gym entrance access based
on active membership status.
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