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Rancang Bangun Sistem Peminjaman Peralatan Laboratorium Menggunakan
Long Range RFID

Abstrak

Laboratorium merupakan ujung tombak pendidikan karena di dalam laboratorium
dilakukan berbagai kegiatan praktek atau penelitian.dengan menggunakan seperangkat
peralatan laboratorium serta infrastruktur lainnya. Laboratorium:yang ada masih banyak
yang bersifat manual dalam mengontrol peralatannya sehingga “resiko kehilangan
peralatan laboratorium sering dialami. Menanggapi permasalahan ini;.maka peralatan
laboratorium harus dapatdikelola dengan baik dan teridentifikasi dengan jelas,sehingga
mudah untuk mengetahui‘pergerakan setiap peralatan yang masuk atau keluar.ruangan
setiap harinya. Rancang Bangun Sistem Peminjaman Peralatan Laboratorium Berbasis
loT Menggunakan Long Range RFID. ini merancang sistem peminjaman peralatan
laboratorium secara otomatis. Sistem ini menggunakan teknologi. RFID, mikrokontroler
ATmega2560 (Arduino Mega) ‘'sebagai pusat pengontrolan sistem, dan ESP32 sebagai
mikrokontroler untuk mengirimkan data ke dalam ‘database. Jenis RFID tag yang
digunakan pada sistem jini.berbentuk.card.(kartu),.dan database yang digunakan pada
sistem ini yaitu realtime database dari Firebase. Dimulai dengan setiap pengguna yang
melewati RFID reader dari lokasi.yang terdapat RFID reader tersebut dan membawa alat
laboratorium yang terpasang RFID card akan terdeteksi.oleh long range RFID reader
tersebut sehingga kontroler akan mengolah informasi dari card tersebut dan mem-parsing
informasi yang dibutuhkan. Hasil pengujian.menunjukkan bahwa sistem mikrokontroler
yang dirancang sudah berjalan dengan baik dilihat dari-hasil pembacaan data yang sudah
sesual dan database Firebase dapat menampilkan data waktu secara_realtime dan 1D
peralatan yang terdeteksi.

Kata Kunci: Arduino Mega, ESP32, Firebase, Long Range RFID, Sistem Peminjaman
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Design and Development of Laboratory Equipment Lending System Using Long
Range RFID

Abstract

The laboratory is the spearhead of education because in the laboratory various practical
or research activities are carried out using.a“set.of laberatory equipment and other
infrastructure. There are still many laboratories that aresmanual in controlling their
equipment so that the risk of losingJdaboratory equipment is often experienced. Responding
to this problem, laboratory equipment must be well managed and clearly.identified, so that
it is easy to know the movement of every equipment that enters or leaves the roeom every
day. Design and Development of Laboratory Equipment Location Lending System sing
Long Range RFID designed a system for lending of laboratory equipment automatically.
This system uses RFID technology, the ATmega2560 microcontroller as a system control
center, and ESP32 as a microcontroller to send data into the database:Starting with every:
user who-passes through the REID reader from the location where the REID reader is
locatediand brings laboratory equipment with anRFID card installed, the long range RFID
reader will detect it so that.the controller.will ‘process the.information.from.the.card and
parse the required information. The test results show that the designed microcontroller
system is running well, judging from.the results of reading the data is appropriated and the
Firebase database can display real-time time data.and the D of the equipment detected.

Key words: Arduino Mega, ESP32, Firebase; L.ending System; Long Range RFID
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PENDAHULUAN

1.1  Latar Belakang

Dalam bidang pendidikan dan pengajaran, laboratorium di perguruan tinggi
berfungsi untuk memberikan keterampilan dan‘pengalaman spesifik sesuai dengan
kurikulum yang diterapkan. Laboratorium merupakan ujung-tombak pendidikan
karena di dalam laboratorium dilakukan berbagai kegiatan praktek atau penelitian
dengan menggunakan _seperangkat peralatan laboratorium serta Infrastruktur
lainnya. Laboratorium yang ada,masih banyak yang bersifat manual dalam
mengontrol.peralatannya sehingga resiko kehilangan peralatan laboratorium sering
dialamis"Menanggapi permasalahan ini, maka peralatan laboratorium harus dapat
dikelola dengan baikydan teridentifikasi dengan jelas, sehingga imudah untuk
mengetahui pergerakan setiap.peralatan-yang masuk atau keluar ruangan setiap
harinya, baik untuk keperluan peminjaman-atau maintenance.

Dengan adanya perkembangan teknologi industri 4.0, mulai banyak
bermunculan teknologi yang digunakan untuk mempermudah pekerjaan manusia.
Di antaranya, teknologi barcode dan RFID (Radio Frequency.ldentification) yang
dikembangkan untuk membantu proses peminjaman peralatan laboratorium yang
lebih efektif dan efisien. Teknologi barcode memiliki beberapa kekurangan seperti
jarak baca yang pendek hanya sampai 65.cm; sedangkan RFID mampu membaca
hingga jarak 100 meter tergantung dengan komponen yang digunakan. RFID adalah
teknologi yang dapat melakukan identifikasi objek serta memberikan informasi
objek secara otomatis. Teknologi RFID saat ini banyak dimanfaatkan untuk
mengidentifikasi aset, melacak aset, dan mengamankan aset. Beberapa penelitian
terkait dengan sistem..aset otomatis 'sudah - dilakukan oleh peniliti..dengan
memanfaatkan teknologi RFID yang bersifat aktif.

Oleh karena itu, pembahasan Tugas Akhir berjudul “Rancang Bangun
Sistem Peminjaman Peralatan Laboratorium Berbasis 10T Menggunakan Long
Range RFID” ini merancang sistem peminjaman peralatan laboratorium secara
otomatis untuk mengetahui apakah semua peralatan laboratorium yang selesai
dipinjam telah kembali ke dalam ruangannya, dengan bahasan pada rancang bangun

sistem peminjaman peralatan laboratorium menggunakan Long Range RFID.
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1.2 Perumusan Masalah

Berdasarkan latar belakang yang diuraikan di atas, maka permasalahan yang

dibahas dalam tugas akhir ini adalah sebagai berikut:

1.

Bagaimana cara merancang sistem peminjaman peralatan Laboratorium
Telekomunikasi secara otomatis?

Bagaimana cara sistem:mengirimkan hasil pembacaan data?
Bagaimana cara..menghubungkan Long Range. RFID pada
mikrokontroler AT Mega 2560 dengan aplikasi android?

1.3 Tujuan

Tujuan dari tugas akhir (TA) Ini adalah :

1

Mampu merancang sistem peminjaman peralatan Laboratorium
Telekomunikasi dengan menggunakan Long Range RFID.

Mampu merancang sistem peminjaman peralatan  Laboratorium
Telekomunikasi dengan perangkat Arduino.

Mampu menghubungkan Long Range RFID pada mikrokontroler AT
Mega 2560 dengan aplikasi android:

14 Luaran

Luaran dari tugas akhir ini.adalah.:

1.

2.

Produk alat TA berupa perancangan_sistem peminjaman peralatan
laboratorium berbasis 10T (Internet of Things) menggunakan Long
Range RFID dan Laporan Tugas Akhir Prodi.Telekomunikasi.

Harapan agar perancangan TA ini dapat dimuat dalam sebuah jurnal

yang terakreditasi.

Politeknik Negeri Jakarta
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BAB V
PENUTUP

5.1  Simpulan

Simpulan yang dapat diambil dari hasil pembuatan dan pengujian tugas
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akhir adalah sebagai berikut :

1. Sistem peminjaman peralatan Laboratorium. Telekomunikasi yang
dirancang sudah-berjalan dengan baik dilihat dari hasil pembacaan data
yang sudah sesuai. Firebase menampilkan data waktu secara.realtime,
status peralatan, dan.dD.card dari peralatan'yang terdeteksi.

2. Perangkat Arduino menerjemahkan data kode hex dari RFID tag untuk
menjadi data string-atau 1D dari kartu tersebut.

3. Mikrokontroler ATmega2560 melakukan parsing data dari REID dan
data yang dihasilkan dari proses parsing tersebut akan disimpan dalam
Firebase melalui koneksi..jaringan .internet dengan  perantara
mikrokontroler ESP32.

5.2 ° Saran

Saran untuk hasil pembuatan tugas akhir ini diharapkan dapat
dikembangkan lebih lanjut agar sistem kerja alat menjadi' lebih sempurna dan
penggunaan casing alat yang lebih baik lagi. Diharapkan juga untuk memperhatikan
jaringan yang digunakan agar tidak mengalami kendala pada saat pengiriman data

ke database.
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L-3 Tampak, Samping, Depan dan belakang Casing
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L-4 Datasheet RFID Reader

UR100EM ez | JR100EM

Long Range RFID Proximity Reader Long Range RFID Proximity Reader

@ Frequency 125KHz
& Read up to 1 meter (depends on tag)
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RFID PROXIMITY 125KHz
“NOT INCLUDED

www.smartoffice.co.id www.smartoffice.co.id

U R1 0 0 EM CARDTECK‘\\ U R1 0 0 EM CARDTECK\\\

Long Range RFID Proximity Reader Long Range RFID Proximity Reader
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Kondisi: Baru

Berat Satuan: 2 kg
Kategori: Reader RFID
Etalase: RFID Reader

R110EM - Long Range RFID Proximity Reader
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Specification :

Brand : CARDTECK

Type : R1OEM

Working Voltage : DC12V, 100mA

Working mode : Wiegand 26(Convertable to RS232 using converter
Wiegand to RS232 - Converter not included)

Range : 50-100cm

Card Type : 125Khz RFID Proximity Card

Reading Speed : < 0.2 seconds Clock interval: = 0.5 seconds
Working Temperature: 25"C to 75"C

Work humidity: 10-90%

built-in antenna has a built-in LED: there are double color LED
Built-in speaker: buzzer

Material : PVC Resin

Color : Black

Index Protection : IP54 Waterproof

Size: 254mm x 254mm x 30mm
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L-5 Datasheet RFID Tag
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CLAMSHELL RFID PROXIMITY ACCESS CONTROL CARD CLAMSHELL RFID PROXIMITY AGCESS CONTROL CARD
= Frequency : }
125 Khz d :
Brand : g  oriGiNAL
Mango 5 g/
n
Performance : 2 ey
Read Only ] Ls\fg'g,’/
Thickness : 5
CARDTECK
Clamshell :
Yes
0001455724 022,13932
Printable :
No Printed ID Number

SUPER WHITE & BEST QUALITY RFID EM PROXIMITY CARD
Frequency : 125kHz

Brand : MANGO

Performance : Read Only

Clamshell: Yes

Printable : NO

Keunggulan kartu MANGO CLAMSHELL:
1. STANDARD IS0 kartu PVC RFID CARD
Persentase BERFUNGSI untuk 1box kartu adalah 99.99% - 100%

2. SIAP PAKAI
Terdapat lubang untuk gantungan tali id card & sudah tercetak NO
UNIK ID dari masing-masing kartu

3. TEBAL
Tidak gampang bengkok atau patah jika disimpan di dalam DOMPET
atau KANTONG belakang CELANA

4. RELIABILITAS

COCOK untuk semua jenis MESIN ABSENSI RFID 125KHz

COCOK untuk semua jenis MESIN AKSES CONTROL RFID 125KHz
COCOK untuk semua jenis MESIN STANDALONE RFID 125KHz
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VIN. The input voltage to the Arduino board when it's using an external power source

{as opposed to 5 volts from the USB connection or other regulated power source). You

can supply voltage through this pin, or, if supplying voltage via the power jack, access

it through this pin.

. 5\!. The regulated power supply used to power the microcontroller and other
mpanents on the . This can come either from VIN via an on-board regulator,

ov be supplied by USB or anoxher regulated 5V supply.

3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is

50 mA.

® GND. Ground pins.

The power pins are as follows:

Memory

The ATmega2560 has 256 KB of flash memoary for storing code (of which 8 KB is used for
the bootloader), 8 KB of SRAM and 4 KB of EEPROM (which can be read and written with the
EEPROM library).

Input and Output

Each of the 54 dlglml pins on the Mega can be used as an input or output, using pinMode()

mmlﬂnm{_\, functions. They operate at 5 volts. Each pin can provide or
receive a maxlmum of 40 mA and has an internal pull-up resistor (disconnected by default)
of 20-50 kOhms. In addition, some pins have specialized functions:

Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX)
and 16 (TX); Serial 3: 15 (RX) and 14 (TX). Used to receive (RX) and transmit
(TX) TTL serial data, Pins 0 and 1 are also connected to the corresponding pins of the
ATmegaSUZ USB-to-’ 'I'I'L Senal chip.

0),3 1), 18 (interrupt 5),
1! (Inhrrupt 4), 20 (Intarmpt 3), and 21 (Inhrrnpt 2). These pins can be
configured to trigger an interrupt on a low value, a rising or falling edge, or a change
in value. See the attachlnterrupt() function for details.
PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite(} furu:tlcﬂv
SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support S
communication using the SPI library. The SPI pins are also broken out on (he IcsP
header, which is physically compatible with the Uno, Duemilanove and Diecimila.
LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH

wAr.

[ e

oo

-

[ YR
Prpucot e
PR
Sl
Wit #h
e fnzhen
wr

fensro

b =
[BC Current for 3.3V Pin
[Flash Memory

L-6 Datasheet Arduino Mega 2560

www.robotshop.com

A
La robotique & votre servics! - Robotics at your servics! 17

o

[ o

IDC Current per 1/0 Pin

[Clock Speed |16 MHz

Power

The Arduino Mega can be powered via the USB connection or with an external power supply.
The power source Is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or
battery. The adapter can be connected by plugging a 2.1mm center-positive plug into the
board's power jack. Leads from a battery can be inserted in the Gnd and Vin pin headers of
the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than
7V, however, the 5V pin may supply less than five volts and the board may be unstable.
If using more than 12V, the voltage regulator may overheat and damage the board. The
recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in tnat it does not use tha FTDI USB—to-
serial driver chip. Instead, it features the
converter.

7//]1)

www.robotshop.com I

La robotique & voire servicsl - Robotics at your servicel g

value, the LED is on, when the pin is LOW, it's off.

e I2C: 20 (SDA) and 21 (SCL). Support I:C (TWI) communication using the Wire
library (documentation on the Wiring website). Note that these pins are not in the
same location as the I,C pins on the Duemilanove or Diecimila.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024
different values). By default they measure from ground to 5 volts, though is it possible to
change the upper end of their range using the AREF pin and analogReference() function.

There are a couple of other pins on the board:

o AREF. Reference voltage for the analog inputs. Used with ().
Jl| * Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.

Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega2560 provides four hardware UARTs
for TTL (5V) serial communication. An ATmega8U2 on the board channels one of these
over USB and provides a virtual com port to software on the computer (Windows machines
will need a .inf file, but OSX and Linux machines will recognize the board as a COM port
automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when
data is being transmitted via the ATmega8U2 chip and USB connection to the computer (but
not for serial commumcatlon on pins 0 and 1).

i allows for serial communication on any of the Mega2560's digital

A

pins.
The ATmegaZSGO also supports 12C (TWI) and SPI communication. The Ardulno software
includes a Wire library to simplify use of the I2C bus; see the

SPLlibrary.

website for details. For SPI communication, use the

—
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L-7 Datasheet ESP32

Z Zayntiy DOIT ESP32 DevKit vl 7 zeryntw

PINOUT DIAGRAM

DO NOT USE D6 TO DI
PWM IS ENABLED ON EVERY DIGITAL PIN
ICUNOT SUPPORTED

ADC ON PINS D4, D12, DI3, D14, D15, D25, D26, D27
CAN BE READ ONLY WITH WI-FI NOT STARTED

o

2]

:
éégsgéééééééééé

RESET  UsB  BooT TN

BUTTON PORT BUTTON

SERIALD

Device Summary

s Microcontroller: Tensilica 32-bit Single-/Dual-core CPU Xtensa LXé&
s QOperating Voltage: 3.3V

* InputVoltage: 7-12V

= Digital I/O Pins (DIQ): 25

« Analog Input Pins (ADC): 6

= Analog Outputs Pins (DAC): 2
« UARTs:3

« SPIs:2

s |2Cs: 3

s Flash Memory: 4 MB

» SRAM:520KB

+ Clock Speed: 240 Mhz

+ Wi-Fi: IEEE 802.11 b/g/n/e/i:

o Integrated TR switch, balun, LNA, power amplifier and matching network
o WEP or WPA/WPA2 authentication, or open networks

Power

Power to the DOIT Esp32 DevKit v1 is supplied via the on-board USB Micro B connector or directly
via the “VIN" pin. The power source is selected automatically.

The device can operate on an external supply of 6 to 20 volts. If using more than 12V, the voltage
regulator may overheat and damage the device. The recommended range is 7 to 12 volts.
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L-8 Sketch Pemrograman Arduino

#include <Wiegand.h>
#include <ArduinoJson.h>

#define STATUS "ALAT KELUAR RUANGAN"

WIEGAND wg;

eydi) yeH

void setup() {
Serial.begin (9600) ;
Seriall.begin (9600) ;

// default Wiegand Pin

// for non UNO board pinDO and
pinDl

// are the pin
respectively.

wg.begin ()

// wg.be
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L-9 Sketch Pemrograman ESP32

#include <NTPClient.h>

#include <ArduinoJson.h>

#if defined (ESP32)
#include <WiFi.h>

#elif defined (ESP8266)
#include <ESP8266WiFi.h>
fendif

#include <WiFiUdp.h>
WiFiUDP ntpUDP;
NTPClient timeClie

"id.pool.ntp.org", 25200

D

process i

rinting o

Define the
e WIFI SSID

he followi

I\

POLITERNIK
VG R
JAKARTA

"alviranurul.tt6a@gmail.com"
: aviranurul"

or added in
your proje
#define USER

//Define Firebase Data ob
FirebaseData fbdo;

FirebaseAuth auth;
FirebaseConfig config;

int count = 0;
char buff[o64d];
//char buffl[64], buff2[64], buff3[64];

unsigned long previousMillis = 0;
const long interval = 1000;
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L-9 Sketch Pemrograman ESP32

time t epochTime = 0;
int monthDay = 0, currentMonth = 0, currentYear = 0;

String currentDate = "", formattedTime = "", formattedDnT = "";
String itemName;

//const char* itemName;

//Week Days

String weekDays[7] = {"Sunday", "Monday", "Tuesday", "Wednesday",
"Thursday", "Friday", "Saturday"};

//Month names

String months[12] = {"January",
"May", "June", "July", "Augu
"November", "December"};

SSWOR
£1ng o0 Wi-F 7
TED

"April",
tober",

void setup ()

{

.println ()
.print ("Co
.println(

POLITEKNIK
NEGERI
JAKARTA

/* Assign ign i
auth.user. = USER EMAIL;
auth.user. SER PASSWORD;

/* Assign the RTDB e
config.database url = DATABASE URL;

/* Assign the callback function for the long running token
generation task */

config.token status callback = tokenStatusCallback; //see
addons/TokenHelper.h

//To connect without auth in Test Mode, see
Authentications/TestMode/TestMode.ino

Firebase.begin (&config, &auth);
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L-9 Sketch Pemrograman ESP32

Firebase.reconnectWiFi (true) ;
#if defined (ESP8266)
fbdo.setBSSLBufferSize (512, 2048);
fendif
}

eydid yeH

void loop ()
{

unsigned long currentMillis

if (currentMillis - previo
previousMillis = curre 1 ;
timeClient.update /
epochTime = time .getEpochTime () ;

//Get a tim
Time) ;

\\\M

epieser LaBAN YIwiMod izl eduey

+ 1900
rentYear

String (mo
mattedTime

getFormatte
urre L 4
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(formattedTi
2rial.printl
Serial.p
Serial.p
ial.printl
ial.printl
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// (we must use a
const char* Status = doc["STATUS"];
const char* hex = doc["HEX"];

long unsigned int dec = doc["DEC"];

Serial.println
Serial.println
Serial.println
Serial.println

Status) ;
hex) ;
dec) ;

) ;

—~ o~~~

if (Firebase.ready())

{
sprintf (buff, "/card/%lu", dec);
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L-9 Sketch Pemrograman ESP32

if (Firebase.RTDB.getString(&fbdo, buff)) {
if (fbdo.dataTypeEnum() == fb esp rtdb data type string)

itemName = fbdo.to<String>();
Serial.println (itemName) ;
Serial.println();

Serial.print ("Set data...
String buffl = "/data + "/Status";
Firebase.RTDB.se
String (Status));

itemName + "/ti
nc (&fbdo, buff2,

"/data/" +
DB.setStringAs

ta/" +
tAsync

"/epOCh",’
long unsigned

b

Fireba
(Status));

String

String
ame " ;
Fireba

POLITEKNIK
NEGERI
JAKARTA

Serial

Serial.f

}

else

{

// Print error to the "debug" serial port
Serial.print ("deserializedJson () returned ");
Serial.println(err.c str());

// Flush all bytes in the "link" serial port buffer

while (Serial.available() > 0)
Serial.read();

}

delay (1) ;
}
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L-10 Dokumentasi

Melakukan Pengujian Power Supply
Melakukan Pengujian Sistem

Membuat Jalur Power Supply
Merancang Sistem pada Casing
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