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Abstrak

Sistem peminjaman dan pengembalian barang di lingkungan kampus masih banyak dilakukan secara manual sehingga
berpotensi menimbulkan kesalahan pencatatan dan keterlambatan informasi. Penelitian ini bertujuan untuk merancang dan
membangun sistem Smart Storage berbasis RFID (Radio Frequency Identification) dan Internet of Things (IoT) dengan
pendekatan Unified Modeling Language (UML). Sistem ini menggunakan ESP32 sebagai pengendali utama, modul RFID
sebagai identifikasi pengguna, sensor warna dan sensor infrared sebagai pendukung identifikasi barang, serta mekanisme
conveyor untuk proses distribusi barang secara otomatis, yang terintegrasi dengan aplikasi berbasis web melalui protokol HTTP
untuk monitoring secara real-time. Berdasarkan hasil implementasi dan pengujian, sistem mampu menjalankan proses
peminjaman dan pengembalian barang dengan tingkat keberhasilan mencapai 100% setelah dilakukan optimasi pada sistem,
serta komunikasi 10T memiliki tingkat akurasi dan stabilitas mencapai 100%. Dengan demikian, sistem Smart Storage dapat
meningkatkan efisiensi, akurasi, dan kemudahan dalam pengelolaan inventaris di lingkungan kampus.

Kata kunci: Smart Storage, RFID, Internet of Things, ESP32, Sistem Otomatis, Inventaris

Abstract

Item borrowing and return systems on college campuses are still largely managed manually, which can lead to recording errors
and delays in information. This study aims to design and develop a Smart Storage system based on RFID (Radio Frequency
Identification) and the Internet of Things (10T) using the Unified Modeling Language (UML) approach. This system uses an
ESP32 as the main controller, an RFID module for user identification, color sensors and infrared sensors to support item
identification, and a conveyor mechanism for automated item distribution, all integrated with a web-based application via the
HTTP protocol for real-time monitoring. Based on the results of implementation and testing, the system is capable of executing
item borrowing and return processes with a success rate of 100% following system optimization, and the 10T communication
achieves 100% accuracy and stability. Thus, the Smart Storage system can enhance efficiency, accuracy, and ease in inventory
management within a campus environment.
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1. Introduction

Inventory management is a vital component of facility
management on campus, particularly in supporting
practical sessions and laboratory operations. The
manual system currently used for borrowing and
returning items often leads to various problems, such as
recording errors, delays in information, and difficulties
in monitoring data in real time [1], [2].

Several previous studies have developed web-based
borrowing systems as a solution to manual systems.
These systems have proven capable of improving
efficiency and simplifying inventory data management

real-time data exchange. 10T-based systems can improve the
efficiency of centralised data monitoring and recording [6],
[9]. Therefore, this study proposes an RFID and loT-based
Smart Storage system using the Unified Modelling Language
(UML) approach to produce a structured and easily
developable system [7].

2. Reseacrh Method
2.1 Design of a Smart Storage System

The Smart Storage System is designed as an 1oT-based system
that integrates hardware and software to support the

[3]. Furthermore, RFID technology has been widely
adopted for identification processes due to its ability to
read data quickly and accurately without direct contact,
making it highly suitable for automated systems [4],
[5].

Advances in Internet of Things (1oT) technology enable
the integration of hardware and software to facilitate

automated borrowing and returning of items. RFID is used as
a means of user identification because it can read data quickly
and accurately without requiring direct contact, thereby
improving the efficiency of the inventory system [4], [6].

Data from the RFID tags and sensors is processed by an
ESP32 microcontroller, which has wireless communication
capabilities and supports the implementation of 10T systems
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[9]. The data is then sent to a server using the HTTP
protocol to be stored in a database and displayed via a
web-based application. This system enables real-time
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monitoring and simplifies inventory data management.

Picture 1. System Block Diagram
2.2 System Design Using UML

The system design was carried out using the Unified
Modelling Language (UML) to model the system’s
structure and workflow. UML was used to visualise the
interactions between users and the system, as well as
the relationships between components in a structured
manner [7].

The UML diagrams used include use case diagrams,
activity diagrams, sequence diagrams, and class
diagrams. The use of UML aims to facilitate the system
development process, improve understanding of the
design, and reduce errors in system implementation.
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Picture 2. Use Case Diagram

2.3 Mechanical and Electrical Design

The mechanical system design utilises a conveyor as a
means of automatically distributing goods. Conveyors
are widely used in automation systems as they enhance
the efficiency of goods handling processes and reduce
direct human involvement [11].

In the electrical section, the ESP32 is used as the main
controller, connected to an RFID module, a colour
sensor, and an infrared sensor. The colour sensor is
used to detect the characteristics of goods, whilst the
infrared sensor is used to detect the presence of objects
within the system [14], [15]. Additionally, an LCD is
used as an information display to show the system

status to the user [10].

Picture 4. Mechanical Design

2.4 10T Data Communication

Data communication within the system uses the HTTP
protocol between the ESP32 and a local server. The ESP32
sends data using a POST request, after which the server
processes and stores the data in a MySQL database [8].

This method was chosen because it is easy to implement and
compatible with web-based systems. Furthermore, the system
enables real-time monitoring, thereby improving the
efficiency of inventory management [10]. The components
involved in data communication using the HTTP protocol are
shown in Table 1.

Table 1. Use of HTTP Components

Components Role Explanation

Send user/item UID
data to the web
server via the HTTP
protocol using a
POST request.

ESP32 Client

Receive data from
the ESP32, process
Data connector it using a PHP
script, and send it to
the database.

Web server

Storing
transmission  data
from the ESP32 for
display on a web
dashboard.

Database (MySQL) Data storage




3. Results and Discussion

In this study, the author conducted several tests, which
are described below.
3.1 Testing the Item Loan System

The item loan testing was carried out to ensure that the
system could execute the loan process automatically
in accordance with the designed workflow. The
process begins with user identification via RFID, after
which the system verifies the user’s data and activates
the conveyor to dispense the item. The test results
showed that the system was able to execute the loan
process with a 100% success rate, with all stages
running smoothly without any errors.

Table 2. Testing the Goods Loan System

Name of Testing Success
No Tool Rate(%6)

(Colour)

1/2]13[4]|5

Arduino | V| V| V| V|V 100%
1 Uno

(Green)
; ESP32 v v v]v 100 %

(Red)

PLC AvI v v v 100%
3 Omron

(Blue)

3.2 Testing the Return System
Return testing was carried out to ensure that the system
could accept and record items returned by users. The

involved several trials using cards that were both registered and
unregistered in the system. The test results showed that the
RFID module was able to read data accurately and distinguish
between valid and invalid users, thereby supporting the
authentication process within the system.

Table 4. Testing Table for the RFID Module

No Reading Card Number Total Success | Description
Distance Positi of trials Success Rate
(cm) on es (%)
1 lcm Place 5 5 100% The reading
in is very
front stable
of the
reader
2 2cm Slightl 5 5 100% Stable
reading
slopin
9
3 3cm Skewe 5 3 60% Sometimes
d/ you need to
misali adjust your
gned position
4 4cm Far 5 0 0% The reading
from is unstable
the
reader

3.4 Testing the ESP32 Module in Data Processing

Testing of the ESP32 module was carried out to verify the
microcontroller’s ability to process data from RFID tags and
sensors, as well as to control output devices such as conveyors
and LCDs. The test results showed that the ESP32 was able to
execute the entire process successfully, from data reading and
processing to data transmission to the server, without
encountering any issues.

Table 5. Testing the ESP32 Module in Data Processing

process begins with user identification, after which the
system detects the items using sensors and directs | no éﬁﬂ?gs ConT(;Stfons Results Status Description
them to the appropriate storage slot. The test results
showed that the system was capable of carrying out the The ESP32 Data
return process automatically with a 100% success rate X RFID readsthe | sometimes Less Delay in the
following optimisation of the mechanical system. reading uUID from appears reading process
the RFID late
Table 3. Return System Testing
The data
Data The ESP32 has been The process is
Name of Testing Succes Rate (%) 2 Processing processes proces.sed tess not yet optimal
No Tool RFID data but is
(Colour) unstable
1] 2[ 3 4 5 TheEsps2 | 0
Arc(jéino L)Jno 11 100% 3 ((;?J::)rl?tl aCtti\l'llztes is not Failed respgazzudtelay
reen currently
ESP32 (Red) | v] v| v V| v 100 % conveyor active
0,
PLE:B(I?E)"O” TN 100% LCD The ESP32 Data not Communication
4 disola sends data displaved Failed is not yetin
. play to the LCD play sync
3.3 RFID Module Testing
RFID modglg testing was garrigd out to assess Fhe Following | At'_' The system is
system’s ability to read user identity cards. The testing 5 Retest the system un:r:ms Successful starting to
B upgrade . stabilise
3.5 System Testing Based on UML working

System testing based on UML was carried out by
comparing the system implementation against
previously designed diagrams, such as use case
diagrams and activity diagrams. The test results
showed that the system’s workflow was consistent
with the UML model, with each process—such as

borrowing and returning items—operating in accordance
with the specified scenarios.



Table 6. System Testing Based on UML

3.6 HTTP-Based System Testing

Data communication testing using the HT TP protocol was carried out
to ensure that the data transmission process between the ESP32 and
the server was functioning correctly. The testing involved sending
data via a POST request and verifying whether the data was
successfully received and stored in the database. The test results
showed that the system was able to send and receive data correctly,
and demonstrated a high level of accuracy and stability in data
communication.

Table 7. HTTP-Based System Testing

No | Test Parameters Test Description Test Descripti

Results on
Measuring the time from
. when the ESP32 sends 1.2 Prompt
1 Response Time it :
data until it is received second response
by the server
Comparing the UID data 100% T:;g;t:
2 Data Accuracy | from the ESP32 with the 0
accurate | unchange
data on the server d

Testing data

Connection transmission repeatedly 10 glét of Stable
3 " (10 times) to see if the connectio
Stability connection remains successfu n
1 (100%)

stable

Result
s of
the .
Types Complia o
No of Test Case S)r/rs]te nce with Desgrr]lptl
UML Imple UML
menta
tion
Users log
in, borrow
items and
return
them:; All
administr | featur
ators es can
Use regioer g(?cess In The
Case items, q q feature
' | Diagra | monitor | © accordan 1 works as
m stock accord | ce with intended
levels, ing to
configure | User
conveyor | Permis
slots and sions
monitor
logs
Borrowin
g process: The
RFID proces
Activit | scan, user S .
- procee There is
y validation ds in In no
2 Diagra | , select stages accordan difference
m item, age ce with .
(Loan) | check v;/1|th|n in the plot
availabilit ; -
y, activate n):
conveyor
Return
process: The
user syste
verificatio n)1/
Activit | n, item
inout execut The
}ISia ra coF;OL;r es the In returns
3 m 9 sensor proces | accordan process is
(Return | reading sas ce with going
) slot ' shown smoothly
selection, g;athfa
conveyor | 9
movemen
t
Communi | Data
cation is
Sequen | between read, The
ce the RFID, | proces In correct
4 Diagra | ESP32, sed, accordan | sequence
m serverand | and ce with of
(Borro | conveyor | goods rocesses
wing) during the | are P
borrowing | dispat
process ched
Communi
cation Syste
Sequen m for
between ] .
ce the RFID readin In Communi
Diagra 19 cation is
5 colour accordan -
m Sensor. colour ce with going
(Return ESP32’ s and smoothly
) server ;ind storin
data
conveyor 9
;I;Z;User, Datab
Class Transacti zsitsreuctu In
. on and Interconn
6 Diagra reas accordan
Inventory | . - ected data
m data imple ce with
relationsh gnente

ips

Based on all the tests carried out, the Smart Storage system has
demonstrated good performance in carrying out the functions of
automatic item borrowing and return. All system components, from
user identification using RFID and data processing by the ESP32 to
HTTP-based data communication, operate seamlessly in accordance
with the design specifications. These test results indicate that the
system has a high level of reliability and is capable of supporting
inventory management processes more efficiently and effectively.

4. Conclusion

Based on the results of the design, implementation and
testing carried out, an RFID- and Internet of Things (1oT)-
based Smart Storage system has been successfully
developed to automate the process of borrowing and
returning items. This system is capable of integrating
various components such as RFID for user identification,
ESP32 as the main controller, sensors to support item
detection, and a conveyor system as the mechanism for the
automatic distribution of items. Test results indicate that the
system can perform all functions in accordance with the
design, including the item borrowing and return processes,
with a high success rate.

The RFID module is capable of identifying users
effectively, the ESP32 processes data optimally, and data
communication using the HTTP protocol operates stably
and accurately. Furthermore, the system implementation is
consistent with the previously created UML design.
Consequently, the developed Smart Storage system is
capable of enhancing efficiency, accuracy, and ease in
inventory management, and can serve as an effective
solution to replace manual systems within the campus
environment.
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