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ABSTRAK

Perkembangan teknologi Internet of Things (IoT) mendorong kebutuhan
akan sistem komunikasi nirkabel yang andal, khususnya pada aplikasi pemantauan
kualitas air sumur galian yang memerlukan pengiriman data sensor secara real-
time. Keandalan komunikasi nirkabel dipengaruhi oleh berbagai faktor, seperti
teknik modulasi dan kinerja antena. Dalam penelitian ini, peningkatan kualitas
komunikasi difokuskan pada aspek kinerja antena melalui perancangan antena
mikrostrip sebagai alternatif antena bawaan ESP32 yang memiliki keterbatasan
performa pada pita frekuensi ISM 2,4 GHz. Penelitian ini bertujuan untuk
merancang, merealisasikan, dan menganalisis perbandingan kinerja antena
mikrostrip 2,4 GHz dengan antena bawaan ESP32 pada sistem pemantauan kualitas
air sumur galian berbasis loT. Antena mikrostrip berbentuk rectangular patch
dirancang menggunakan substrat FR4 dengan ketebalan 1,6 mm dan disimulasikan
menggunakan CST Studio Suite. Parameter antena yang dianalisis meliputi ireturn
loss s, Voltage Standing Wave Ratio (VSWR), bandwidth, gain, dan pola radiasi.
Antena hasil perancangan kemudian direalisasikan dan diimplementasikan pada
modul ESP32, selanjutnya dibandingkan dengan antena bawaan ESP32
berdasarkan parameter kualitas komunikasi berupa Received Signal Strength
Indicator (RSSI), jangkauan komunikasi, serta keberhasilan pengiriman data sensor
secara nirkabel. Hasil penelitian menunjukkan bahwa antena mikrostrip yang
dirancang memiliki nilai refurn lossdi bawah —10 dB dan VSWR kurang dari 2
sehingga memenuhi kriteria kinerja antena untuk aplikasi komunikasi Wi-Fi pada
pita frekuensi 2,4 GHz. Selain itu, antena mikrostrip memberikan kualitas
komunikasi yang lebih baik dibandingkan antena bawaan ESP32, yang ditunjukkan
oleh peningkatan nilai RSSI, kestabilan koneksi, dan jangkauan komunikasi pada

sistem pemantauan kualitas air sumur galian berbasis IoT.
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ABSTRACT

The development of the Internet of Things (IoT) has increased the demand for
reliable wireless communication systems, particularly in groundwater quality
monitoring applications that require real-time sensor data transmission. Wireless
communication reliability is influenced by various factors, including modulation
techniques and antenna performance. In this study, communication quality
improvement is focused on antenna performance by designing a microstrip antenna
as an alternative to the built-in ESP32 antenna, which has performance limitations
in the 2.4 GHz ISM frequency band. This research aims to design, fabricate, and
analyze the performance comparison between a 2.4 GHz microstrip antenna and
the built-in ESP32 antenna in an loT-based groundwater quality monitoring system.
A rectangular patch microstrip antenna was designed using an FR4 Substrate with
a thickness of 1.6 mm and simulated using CST Studio Suite. The antenna
performance parameters analyzed include ireturn loss s, Voltage Standing Wave
Ratio (VSWR), bandwidth, gain, and radiation pattern. The fabricated antenna was
then implemented on the ESP32 module and compared with the built-in ESP32
antenna based on wireless communication quality parameters, including the
Received Signal Strength Indicator (RSSI), communication range, and successful
wireless sensor data transmission. The results show that the proposed microstrip
antenna achieves a return lossbelow —10 dB and a VSWR of less than 2, meeting
the general performance criteria for Wi-Fi communication in the 2.4 GHz frequency
band. Furthermore, the proposed antenna provides better wireless communication
performance than the built-in ESP32 antenna, as indicated by improved RSSI,
connection stability, and communication range in the loT-based groundwater
quality monitoring system.



