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6. KEMAJUAN PENELITIAN

      A. RINGKASAN



          Pengukuran parameter oseanografi sangat dibutuhkan untuk mengetahui kondisi ekosistem yang 

ada pada wilayah perairan sehingga kelestarian organisme yang ada di laut dapat terjaga. Tujuan dari 

penelitian ini untuk merancang sebuah sistem pengukuran dan monitoring parameter oseanografi secara 

real-time. Hasil dari penelitian ini akan memberikan kemudahan kepada peneliti dalam bidang perikanan 

dan kelautan dalam mendapatkan data parameter fisik dan kimia secara berkala yang dapat digunakan 

sebagai dasar untuk melakukan konservasi wilayah perairan. Dalam pelaksanaannya, penelitian ini terbagi 

atas dua tahapan. Tahapan awal dari penelitian adalah perancangan rangkaian mikrokontroler yang 

terintegrasi dengan berbagai jenis sensor yang dapat mengukur parameter oseanografi. Pada tahapan ini 

dilakukan pengujian dan validasi data yang dihasilkan oleh sensor. Tahapan kedua dilakukan dengan 

melakukan integrasi antara sensor node dan gateway melalui Wireless Sensor Network (WSN). Hasil 

akuisisi data sensor akan dikirimkan ke stasiun gateway dan kemudian dikirimkan ke database server 

dengan menggunakan prinsip Internet of Things (IoT). Data hasil pemantauan akan ditampilkan pada 

aplikasi berbasis web sehingga dapat diakses secara real- time. Penelitian ini mendukung pencapaian 

Rencana Induk Riset Nasional 2017-2045 pada bidang fokus Riset Kemaritiman dalam bentuk teknologi 

konservasi lingkungan maritim yang mendukung konsep Blue Economy sebagai salah satu prioritas riset 

nasional. Luaran yang ditargetkan pada penelitian ini adalah artikel ilmiah pada Journal of Informatics and 

Telecommunication Engineering yang terakreditasi SINTA 3. Tingkat TKT penelitian yang dihasilkan 

berupa TKT tingkat 3 berupa Sistem Monitoring Pengukuran Oseanografi. Hasil penelitian tahap awal 

menunjukkan bahwa sensor- sensor yang digunakan telah sesuai dengan standar setelah validasi dan 

kalibrasi di Laboratorium. Hasil pengujian pengiriman data menunjukkan bahwa data hasil pengukuran 

parameter oseanografi oleh sensor node pada wilayah perairan dapat dikirimkan ke gateway dengan 

pengaturan jarak antara perangkat sejauh 500 meter. Delay pengiriman data yang dihasilkan berada pada 

rentang 2-10 detik. Pada tahapan kedua, data hasil pengukuran sensor dapat ditampilkan pada aplikasi 

web berbasis Internet of Things.

      B. KATA KUNCI

          oseanografi; sensor node; gateway; wireless sensor network; internet of things



Pengisian poin C sampai dengan poin H mengikuti template berikut dan tidak dibatasi jumlah kata atau halaman 

namun disarankan seringkas mungkin. Dilarang menghapus/memodifikasi template ataupun menghapus 

penjelasan di setiap poin. 

 

1. Perancangan Sistem 

Penelitian yang dilakukan merupakan perancangan sistem pemantauan parameter oseanografi secara real-time 

berbasis Wireless Sensor Network dan Internet of Things. Hasil penelitian ini akan digunakan dalam 

melakukan kegiatan konservasi pada wilayah perairan laut. Secara umum blok diagram sistem ditunjukkan 

pada Gambar 1. 

 

 

 
 

Gambar 1. Blok Diagram Sistem 

 

Beberapa parameter oseanografi fisik dan kimia yang menjadi objek kajian seperti suhu air, kekeruhan air, pH 

air dan salinitas. Penelitian yang dilaksanakan terdiri dari dua tahapan utama. Pada tahapan awal dilakukan 

perancangan sistem pengukuran data oseanografi dengan memanfaatkan sensor-sensor yang terintegrasi 

dengan perangkat Mikrokontroler (ESP32). Penelitian dimulai dengan melakukan kalibrasi sensor. Sensor 

yang telah dikalibrasi diintegrasikan dengan perangkat Mikrokontroler untuk melakukan pengukuran 

parameter oseanografi. Data hasil akuisisi sensor diproses melalui perangkat mikrokontroler yang ditampilkan 

pada layer LCD dan dikirimkan dari Sensor Node ke Gateway dengan menggunakan modul komunikasi LoRA 

Ebyte E220 seperti yang ditunjukkan pada Gambar 2. Data yang diterima oleh perangkat Gateway akan 

diteruskan ke database untuk ditampilkan pada aplikasi web berbasis Internet of Things. 

 

C.  HASIL PELAKSANAAN PENELITIAN: Tuliskan secara ringkas hasil pelaksanaan penelitian yang telah 

dicapai sesuai tahun pelaksanaan penelitian. Penyajian meliputi data, hasil analisis, dan capaian luaran 

(wajib dan atau tambahan). Seluruh hasil atau capaian yang dilaporkan harus berkaitan dengan tahapan 

pelaksanaan penelitian sebagaimana direncanakan pada proposal. Penyajian data dapat berupa gambar, 

tabel, grafik, dan sejenisnya, serta analisis didukung dengan sumber pustaka primer yang relevan dan terkini. 
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Gambar 2. Blok Diagram Pengiriman Data dari Sensor Node ke Gateway 

 

 

 

2. Hasil Pengujian 

a. Hasil Pengujian Sensor Turbidity 

Pengujian tingkat kekeruhan air dilakukan dengan memberikan beberapa perlakuan tingkat kekeruhan pada 

air dengan berbagai variasi volume air yang berbeda. Pada pengujian ini menggunakan bubuk kopi untuk 

memberikan perlakuan tingkat kekeruhan pada air, bubuk kopi diberikan dengan 5 takaran yang berbeda. 

Volume air yang digunakan terdiri dari 250 ml, 500 ml, 750 ml dan 1000 ml seperti yang ditunjukkan pada 

Gambar 3. Tingkat kekeruhan air diukur dengan menggunakan Sensor Turbidity SEN0189-DFRobot. 

Sensor mampu melakukan deteksi terhadap perubahan instensitas cahaya yang disebabkan oleh partikel-

partikel yang ada di dalam air yang kemudian diproses oleh perangkat mikrokontroller (1). Hasil pengujian 

ditunjukkan pada Tabel 1. 

 

 
 

Gambar 3. Pengujian Tingkat Kekeruhan Air dengan Sensor Turbidity 
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Tabel 1. Hasil Pengujian Tingkat Kekeruhan Air dengan Sensor Turbidity 

 

Tingkat Perlakuan 

Kekeruhan 

Volume Air 

(ml) 

Tegangan 

(Volt) 

Nilai Kekeruhan 

(NTU) 

1 

250 4.04 560 

500 4.05 558 

750 4.07 458 

1000 4.09 390 

2 

250 4.00 689 

500 4.02 624 

750 4.02 624 

1000 4.04 558 

3 

250 3.86 1118 

500 3.93 909 

750 4.01 657 

1000 4.02 624 

4 

250 3.75 1424 

500 3.93 909 

750 4.01 657 

1000 4.01 659 

5 

250 3.73 1477 

500 3.89 1030 

750 3.98 816 

1000 4.00 685 

 

 
 

Gambar 4. Hasil Pengujian Tingkat Kekeruhan Air dengan Sensor Turbidity 

 

Hasil pengujian menunjukan bahwa semakin tinggi kadar atau tingkat perlakuan kekeruhan (takaran bubuk 

kopi) yang diberikan maka nilai tegangan yang dihasilkan semakin kecil dan nilai kekeruhan (NTU) 

semakin besar. Pada tingkat perlakuan kekeruhan yang sama, nilai pembacaan kekeruhan air yang 

dihasilkan oleh sensor (nilai NTU) semakin kecil jika volume air yang diberikan semakin besar. 

0

200

400

600

800

1000

1200

1400

1600

1 2 3 4 5

N
il

a
i 

K
ek

er
u

h
a
n

 (
N

T
U

)

Tingkat Perlakuan Kekeruhan

Pengujian Sensor Turbidity

Volume Air 250 ml

Volume Air 500 ml

Volume Air 750 ml

Volume Air 1000 ml



 

 

b. Hasil Pengujian Sensor Salinitas 

Pengujian tingkat salinitas air dilakukan dengan memberikan beberapa perlakuan tingkat salinitas pada air 

dengan berbagai variasi volume air yang berbeda. Pada pengujian ini menggunakan garam untuk 

memberikan perlakuan tingkat salinitas pada air, garam diberikan dengan 5 takaran yang berbeda. Volume 

air yang digunakan terdiri dari 250 ml, 500 ml, 750 ml,1000 ml dan 1500 ml. Pengukuran salinitas air 

ditunjukkan pada Gambar 5. Tingkat salinitas air diukur dengan menggunakan Sensor TDS SEN0244- 

DFRobot. Sensor dapat mengukur konduktivitas di dalam air. Peningkatan konsentrasi ion yang ada di 

dalam air akan menyebabkan nilai konduktivitas meningkat. Konduktivitas akan dibaca oleh probe sensor 

yang akan melakukan konversi menjadi nilai tegangan (2). Hasil pengujian ditunjukkan pada Tabel 2. 

 

 
 

Gambar 5. Pengujian Salinitas Air dengan Sensor TDS 

 

 

Tabel 2. Hasil Pengujian Salinitas Air dengan Sensor TDS 

 

Tingkat 

Perlakuan 

Kadar Garam 

Volume Air 

(ml) 

Tegangan 

(volt) 

Nilai Salinitas 

(ppm) 

1 

250 2.3 1125 

500 2.14 988 

750 1.76 724 

1000 1.49 575 

1250 1.31 491 

1500 1.16 428 

2 

250 2.3 1125 

500 2.3 1121 

750 2.22 1044 

1000 2.05 913 

1250 1.86 784 

1500 1.7 686 

3 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.29 1108 

1250 2.21 1040 



Tingkat 

Perlakuan 

Kadar Garam 

Volume Air 

(ml) 

Tegangan 

(volt) 

Nilai Salinitas 

(ppm) 

1500 2.11 957 

4 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.3 1125 

1250 2.29 1112 

1500 2.23 1057 

5 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.3 1125 

1250 2.3 1125 

1500 2.29 1116 

 

 
 

Gambar 6. Hasil Pengujian Salinitas Air dengan Sensor TDS 

 

Hasil pengujian menunjukan bahwa semakin tinggi kadar garam yang diberikan maka nilai tegangan yang 

dihasilkan semakin besar dan nilai salinitas (hasil pembacaan sensor TDS) dalam satuan ppm semakin 

besar. Pada tingkat perlakuan kadar garam yang sama, nilai pembacaan salinitas air yang dihasilkan oleh 

sensor semakin kecil jika volume air yang diberikan semakin besar. 

 

c. Hasil Pengujian Sensor pH 

Pengujian tingkat pH air dilakukan dengan menggunakan dua buah larutan buffer yaitu pH 4.01 dan pH 

7.01 seperti yang ditunjukkan pada Gambar 7. Sensor yang digunakan pada penelitian ini adalah sensor 

pH SEN0161-DFRobot. Sensor pH adalah sensor berfungsi untuk mengetahui derajat keasaman air yang 

kemudian dikonversi menjadi nilai tegangan (3). Hasil pembacaan sensor dibandingkan dengan hasil 

pembacaan pH meter. Pengujian dilakukan dalam beberapa kali untuk mengamati tingkat akurasi sensor. 

Hasil pengujian ditunjukkan pada Tabel 3. 
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Gambar 7. Pengujian pH Air dengan Sensor pH 

 

 

Tabel 3. Hasil Pengujian Sensor pH 

 

Larutan 

Kalibrasi pH 

Pembacaan Sensor 

pH Meter 
Pengujian Ke- 

Tegangan 

(volt) 
Nilai pH 

4.01 

1 1.03 3.90 

3.35 

2 1.02 3.84 

3 1.03 3.89 

4 1.02 3.84 

5 1.03 3.89 

6 1.02 3.86 

7 1.03 3.90 

8 1.03 3.87 

9 1.04 3.92 

10 1.04 3.91 

7.01 

1 1.98 7.20 

6.33 
2 1.98 7.20 

3 1.99 7.24 

4 1.99 7.25 



Larutan 

Kalibrasi pH 

Pembacaan Sensor 

pH Meter 
Pengujian Ke- 

Tegangan 

(volt) 
Nilai pH 

5 2.00 7.28 

6 2.00 7.28 

7 2.01 7.30 

8 2.01 7.32 

9 2.01 7.32 

10 2.02 7.35 

 

Hasil pengujian sensor pH menunjukkan bahwa dengan menggunakan larutan buffer 4.01 hasil pembacaan 

sensor menghasilkan rata-rata nilai pH sebesar 3.88 dengan nilai error sebesar 15.88%. Hasil pengujian 

dengan larutan buffer 7.01 menghasilkan nilai rata-rata pH hasil pembacaan sensor sebesar 7.27 dengan 

nilai error sebesar 14.91%. 

 

d. Hasil Pengujian Sensor Suhu 

Pengujian suhu air dilakukan dengan menggunakan sensor suhu DS18B20 seperti yang ditunjukkan pada 

Gambar 8. Sensor ini merupakan sensor waterproof. Sensor ini memiliki output berupa data digital dengan 

tingkat akurasi kesalahan sebesar ±0,5℃. Suhu air yang dapat terdeteksi berada pada rentang -10℃ sampai 

85℃ (4). Pengujian dilakukan dengan menggunakan beberapa sampel air dengan berbagai variasi suhu. 

Validasi hasil pengukuran sensor dilakukan dengan menggunakan Termometer. Hasil pengujian 

ditunjukkan pada Tabel 4. 

 

 
 

Gambar 8. Pengujian Suhu Air dengan Sensor Suhu 

 

 

Tabel 4. Hasil Pengujian Sensor Suhu 

 

Sampel Air Ke- 

Hasil Pembacaan 

Sensor 

(oC) 

Hasil Pembacaan 

Termometer 

(oC) 

Persentase Nilai 

Error 

1 18.94 19.3 1.87 

2 25.0 25.19 0.75 

3 25.6 25.62 0.08 



Sampel Air Ke- 

Hasil Pembacaan 

Sensor 

(oC) 

Hasil Pembacaan 

Termometer 

(oC) 

Persentase Nilai 

Error 

4 25.9 26.37 1.78 

5 27.9 27.62 1.01 

 

Hasil pengujian dengan menggunakan sampel air menunjukkan bahwa nilai error paling rendah didapatkan 

sampel air ke-3 dengan nilai error sebesar 0.08%. Jumlah rata-rata error yang didapatkan pada pengujian 

sensor suhu sebesar 1.1 % 

 

e. Integrasi Sensor-Sensor dengan Perangkat Mikrokontroler 

Sensor-sensor yang telah dilakukan kalibrasi dan validasi diintegrasikan dengan perangkat Mikrokontroler. 

Perangkat mikrokontroler yang digunakan adalah ESP32. Terdapat empat jenis parameter oseanografi yang 

menjadi objek pengukuran dan pemantauan pada penelitian ini yaitu pH, salinitas, kekeruhan air dan suhu 

air. Perangkat pengukuran yang telah terintegrasi dilakukan validasi untuk setiap sensor seperti yang 

ditunjukkan pada Gambar 9. 

 

 
 

Gambar 9. Pengujian Rangkaian Sensor 

 

Hasil pengujian menunjukkan bahwa data yang terbaca oleh sensor dan ditampilkan pada layar LCD 

perangkat yang telah terintegrasi sesuai dengan data awal pengujian sensor-sensor yang telah dilakukan. 

 

Pengujian tahapan selanjutnya dilakukan dengan melakukan pengiriman data dari sensor node ke gateway. 

Sensor node merupakan perangkat yang terintegrasi dengan sensor dan mengirimkan data hasil pengukuran 

parameter oseanografi melalui modul komunikasi LoRA. Gateway merupakan perangkat yang diletakkan 

di daratan yang menerima data hasil pengukuran parameter oseanografi yang ditampilkan pada perangkat 

OLED. Pada Gambar 10 ditunjukkan bahwa perangkat sensor node berada pada sebelah kiri dan perangkat 

gateway berada pada sebelah kanan. Pengujian dilakukan dengan melakukan pengiriman data hasil 

pembacaan sensor dari sensor node ke gateway dengan melakukan perubahan jarak antara kedua 

perangkat. 



 
 

Gambar 10. Pengujian Pengiriman Data di Laboratorium 

 

Hasil pengujian menunjukkan bahwa perangkat sensor node dapat mengirimkan data hasil pengukuran ke 

gateway. Pengujian yang dilakukan pada skala Laboratorium di lingkungan kampus dibatasi pada jarak 

sekitar 1 km dan gateway masih dapat menerima data dari sensor node dengan kondisi Non Line of Sight 

(N-LOS). Data yang ditampilkan pada LCD sensor node sama dengan data yang ditampilkan pada OLED 

gateway dengan delay pengiriman sekitar 2-5 detik sesuai dengan jarak pengiriman. 

 

f. Pengujian Pengiriman Data pada Wilayah Perairan 

Pengujian pengukuran parameter oseanografi pada wilayah perairan dilakukan dalam beberapa tahapan. 

Tahapan pertama dilakukan dengan melakukan pengukuran sensor satu per satu untuk melakukan validasi 

data sensor seperti yang ditunjukkan pada Gambar 11. Hasil pengujian menunjukkan bahwa data yang 

terbaca oleh sensor dan ditampilkan pada layar LCD perangkat yang telah terintegrasi sesuai dengan data 

awal pengujian sensor-sensor yang telah dilakukan.  

 

 

 
 

Gambar 10. Pengujian Tiap Sensor di Perairan 

 

 

Tahapan kedua pada pengujian ini dilakukan dengan menguji semua sensor secara bersamaan pada air laut 

untuk menguji kinerja perangkat sensor node secara keseluruhan dalam melakukan pengukuran paramater 

oseanografi seperti yang ditunjukkan pada Gambar 11. Hasil pengujian menunjukkan bahwa perangkat 



yang telah terintegrasi dengan sensor dapat melakukan pembacaan semua parameter secara bersamaan. 

Keterbatasan perangkat sensor yang digunakan menyebabkan terdapat delay sekitar 1-2 detik dalam prose 

pembacaan sensor untuk ditampilkan ke LCD 

  

 

 
 

Gambar 11. Pengujian Rangkaian Sensor di Perairan 

 

Tahapan ketiga pada pengujian ini dilakukan dengan menguji pengiriman data dari sensor node ke 

gateway. Sensor node diletakkan pada wilayah perairan dan gateway diletakkan pada wilayah daratan 

seperti yang ditunjukkan pada Gambar 12.  

 

     
 

Gambar 12. Pengujian Pengiriman Data di Perairan 

 

 

Pengujian dilakukan dengan jarak maksimal antara sensor node dan gateway adalah 500 meter. Hasil 

pengujian menunjukkan bahwa data hasil pembacaan sensor dapat dikirimkan ke perangkat gateway yang 

ditampilkan pada layar OLED. Delay pengiriman data sekitar 2-10 detik. 

 

g. Pengujian Aplikasi berbasis Internet of Things pada Wilayah Perairan 

Pengujian sistem monitoring parameter oseanografi dengan aplikasi berbasis Internet of Things dilakukan 

pada wilayah perairan. Pengujian ini dilakukan untuk mengamati dan membandingkan hasil pengukuran 

sensor pada wilayah perairan dan data yang ditampilkan pada aplikasi berbasis web. Data sensor akan 

dikirimkan melalui perangkat LoRA yang ada pada wilayah perairan ke perangkat LoRA yang ada di 

daratan. Data kemudian diteruskan ke database untuk ditampilkan melalui aplikasi berbasis web. 

 



 
Gambar 13. Pengujian Aplikasi berbasis Internet of Things pada Wilayah Perairan 

 

 

Gambar 14. Tampilan Aplikasi berbasis Internet of Things 

 

Ada 4 parameter oseanografi hasil pembacaan sensor yang ditampilkan pada aplikasi yaitu pH air, suhu air, 

salinitas air dan tingkat kekeruhan air. Pengembangan sistem monitoring ini dapat mempermudah para peneliti 

perikanan dan kelautan dalam mengumpulkan data oseanografi. Data hasil pengukuran dapat diamati secara 

real-time pada aplikasi berbasis Internet of Things sehingga peroses pengambilan data dapat lebih efisien 

karena dapat dilakukan di beberapa tempat yang memiliki akses internet. Hal ini juga dapat mengurangi 

kesalahan pengamatan dalam pengukuran parameter oseanografi yang dilakukan secara manual dengan 

bantuan alat ukur.  

 

D.  STATUS LUARAN:  Tuliskan jenis, identitas dan status ketercapaian setiap luaran wajib dan luaran 

tambahan (jika ada) yang dijanjikan. Jenis luaran dapat berupa publikasi, perolehan kekayaan intelektual, 

hasil pengujian atau luaran lainnya yang telah dijanjikan pada proposal. Uraian status luaran harus didukung 

dengan bukti kemajuan ketercapaian luaran sesuai dengan luaran yang dijanjikan. Lengkapi isian jenis 

luaran yang dijanjikan serta mengunggah bukti dokumen ketercapaian luaran wajib dan luaran tambahan 

melalui BIMA. 

 

Jenis Identitas Status 

Artikel pada Journal of Informatics and 

Telecommunication Engineering yang terakreditasi 

SINTA 3 

Luaran Wajib reviewed 

 

 



E.  PERAN MITRA: Tuliskan realisasi kerjasama dan kontribusi Mitra baik in-kind maupun in-cash (untuk 

Penelitian Terapan, Penelitian Pengembangan, PTUPT, PPUPT serta KRUPT). Bukti pendukung realisasi 

kerjasama dan realisasi kontribusi mitra dilaporkan sesuai dengan kondisi yang sebenarnya. Bukti dokumen 

realisasi kerjasama dengan Mitra diunggah melalui BIMA. 

 

Penelitian yang dilaksanakan merupakan Penelitian Dosen Pemula (PDP) dan tidak melibatkan mitra dalam 

pelaksanaan kegiatan. 

 

F. KENDALA PELAKSANAAN PENELITIAN: Tuliskan kesulitan atau hambatan yang dihadapi selama 

melakukan penelitian dan mencapai luaran yang dijanjikan, termasuk penjelasan jika pelaksanaan penelitian 

dan luaran penelitian tidak sesuai dengan yang direncanakan atau dijanjikan. 

 

Adanya keterbatasan perangkat sensor yang digunakan dalam melakukan pengukuran dan pembacaan parameter-

parameter oseanografi sehingga data yang dikumpulkan belum bisa sama dengan hasil pengukuran dengan alat 

ukur. Keterbatasan dalam perangkat sensor juga menyebabkan beberapa data yang dikumpulkan memiliki nilai 

error yang cukup tinggi. 

 

G. RENCANA TAHAPAN SELANJUTNYA: Tuliskan dan uraikan rencana penelitian di tahun berikutnya 

berdasarkan indikator luaran yang telah dicapai, rencana realisasi luaran wajib yang dijanjikan dan 

tambahan (jika ada) di tahun berikutnya serta roadmap penelitian keseluruhan. Pada bagian ini 

diperbolehkan untuk melengkapi penjelasan dari setiap tahapan dalam metoda yang akan direncanakan 

termasuk jadwal berkaitan dengan strategi untuk mencapai luaran seperti yang telah dijanjikan dalam 

proposal. Jika diperlukan, penjelasan dapat juga dilengkapi dengan gambar, tabel, diagram, serta pustaka 

yang relevan. Pada bagian ini dapat dituliskan rencana penyelesaian target yang belum tercapai. 

 

Pada tahapan pertama penelitian telah dilakukan perancangan sistem pengukuran parameter oseanografi dengan 

menggunakan sensor yang terintegrasi perangkat mikrokontroler. Pada tahapan ini telah dilakukan pengiriman 

data hasil pengukuran parameter salinitas, pH, suhu dan kekeruhan air dari sensor node ke gateway. Indikator 

capaian pada tahapan pertama sudah terpenuhi yaitu sistem dapat melakukan pengukuran parameter oseanografi 

melalaui akuisisi data sensor yang terintegrasi dengan perangkat mikrokontroler yang diwujudkan dalam bentuk 

luaran artikel pada jurnal terakreditasi SINTA 3. Tahapan kedua yang telah dilakukan pada penelitian ini adalah 

tahapan kedua yaitu perancangan sistem pemantauan dengan WSN dan IoT. Pada tahapan ini dilakukan 

perancangan sistem pemantauan dengan Wireless Sensor Network (WSN) dan Internet of Things (IoT). Rangkaian 

multi-sensor yang telah tervalidasi pada tahapan sebelumnya akan diletakkan pada sebuah titik pada wilayah 

perairan yang berfungsi sebagai Sensor Node. Gateway akan diletakkan pada wilayah pesisir. Gateway ini akan 

menerima data hasil pembacaan sensor dari beberapa titik secara nirkabel menggunakan prinsip Wireless Sensor 

Network (WSN) dan akan meneruskan data secara periodik ke cloud server. Data pembacaan setiap sensor pada 

setiap node sensor akan divisualisasikan pada aplikasi berbasis Internet of Things. Tahapan kedua ini diharapkan 

dapat mencapai Indikator capaian berupa parameter Oseanografi dapat diamati secara real time melalui aplikasi 

berbasis web dalam bentuk tabulasi angka atau grafik. Tahapan-tahapan yang telah dilakukan menjadi 

fundamental menuju ke implementasi kecerdasan buatan dan teknologi bidang maritim di tahun-tahun yang akan 

datang yang sesuai dengan roadmap pada proposal penelitian 

 

H. DAFTAR PUSTAKA: Penyusunan Daftar Pustaka berdasarkan sistem nomor sesuai dengan urutan 
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Abstrak 

Pengukuran parameter oseanografi dibutuhkan untuk mengetahui kondisi ekosistem yang ada pada wilayah 
perairan sehingga dapat menjadi dasar dalam melakukan kegiatan konservasi pada wilayah perairan laut. 
Pengukuran parameter fisik dan kimia yang digunakan masih dilakukan secara manual sehingga data yang 
diperoleh masih rentan terhadap kesalahan pengamatan. Pada penelitian ini dirancang sebuah sistem yang dapat 
melakukan pengukuran parameter oseanografi secara berkala. Sistem yang dirancang terdiri dari sensor suhu, 
sensor turbidity, sensor pH dan sensor TDS yang terintegrasi dengan perangkat mikrokontroler. Sistem terdiri dari 
dua bagian utama yaitu sensor node yang berfungsi sebagai transmitter dan gateway yang berfungsi sebagai 
receiver. Pengujian awal dilakukan dengan melakukan kalibrasi dan validasi data untuk setiap sensor yang 
digunakan. Pengujian selanjutnya dilakukan dengan menguji pengiriman data hasil pengukuran parameter 
oseanografi berupa pH air, salinitas, suhu air dan kekeruhan air dari sensor node ke gateway dengan menggunakan 
modul komunikasi LoRA Ebyte E220. Hasil pengujian menunjukkan bahwa data hasil pengukuran sensor node 
dapat dikirimkan ke gateway dengan pengaturan jarak antara perangkat sejauh 500 meter. Delay pengiriman data 
yang dihasilkan berada pada rentang 2-10 detik. 
Kata Kunci: Oseanografi, Mikrokontroler, Sensor Node, Gateway, LoRA. 
 

Abstract  
Measurement of oceanographic parameters is needed to determine the condition of the ecosystem in the water area so 
that it can be the basis for carrying out conservation activities in marine waters. Measurement of physical and 
chemical parameters used manually which causes the data obtained is still susceptible to observational errors. In this 
study, a system was designed that can measure oceanographic parameters periodically. The designed system consists 
of a temperature sensor, turbidity sensor, pH sensor and TDS sensor integrated with a microcontroller device. The 
system consists of two main parts, a sensor node that has a function as a transmitter and a gateway that has a 
function as a receiver. Initial testing is done by calibrating and validating data for each sensor used. The next test was 
carried out by testing the transmission of data from the measurement of oceanographic parameters in the form of 
water pH, salinity, water temperature and water turbidity from the sensor node to the gateway using the LoRA Ebyte 
E220 communication module. The test results show that the sensor node measurement data can be sent to the 
gateway by setting the distance between devices as far as 500 meters. The resulting data transmission delay is in the 
range of 2-10 seconds. 
Keywords: Oceanography, Microcontroller, Sensor Node, Gateway, LoRA. 
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I. INTRODUCTION 

Indonesia is a maritime country that has a large territorial waters. About 62% of Indonesia's 
territory is water. This makes the resources obtained from marine products a source of foreign exchange 
for the country which will have an impact on national development. In addition, the existence of abundant 
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marine products will have an impact on the community's economy (Kambey et al., 2023) Therefore, the 
community must maintain the preservation of coastal and underwater ecosystems. Conservation is an 
effort made in the form of conservation of mangroves, seagrasses, coral reefs and other marine 
ecosystems. This activity will have a very important role in the sustainability of living things in the waters. 
The conservation activities carried out will refer to oceanography parameters (Handayani, 2022). 

Oceanography is a science that discusses physical and dynamic phenomena and processes in 
seawater (Cahyadi &; Astiyani, 2021). The study of oceanography is divided into several parts including 
physical and chemical oceanography. Physical oceanography discusses physical parameters such as tides, 
temperature, depth, waves and ocean currents (Tanto et al., 2016). While chemical oceanographic 
discusses the salinity and pH conditions in waters. 

To obtain data on physical and chemical parameters, by performing measurement methods 
manually using measuring instruments. Measurement of oceanographic data using tools such as GPS, 
current meters, scale poles for wave measurements, water quality checkers to measure temperature, 
salinity and pH (Jalil et al., 2020). The amount of data obtained by manual measurements is very minimal 
and not continuous. The available automatic measurement tools are still not affordable in terms of price 
(Fadly &; Dewi, 2016). 

The development of a system that can measure several oceanographic parameters automatically is a 
solution to overcome the above problems. The system to be designed will integrate data from several 
sensors that can perform measurements of multiple Oceanographic parameters. The sensors installed will 
be controlled through a Microcontroller device. Sensor data will be sent from sensor node (transmitter) to 
gateway (receiver) on mainland to observe sensor measurement results. 

 

II. LITERATURE REVIEW 

A. Oceanographic Parameters 

Marine waters have various potentials and fisheries and marine resources are very abundant. 
Indonesia is the largest archipelagic country in the world which has a sea area of about 5.8 million km2 
with a coastline length of 95,181 km. The potential of fisheries owned is a potential that can be utilized as a 
basis for national development (Munawaroh, 2019). To maintain the ecosystem in marine waters, an 
important aspect that needs to be studied is the suitability of the conditions of oceanographic physical-
chemical parameters as an important factor in the growth of ecosystems in the waters. Several physical 
and chemical oceanographic parameters will be the object of this study, such as water temperature, water 
brightness / turbidity, water pH and salinity. 

Temperature is one of the factors that greatly affect the existence and development of fish that live 
in water areas. If the temperature in the waters is too high, it will cause stress on the body of the fish. Good 
temperature standards for fish growth in water areas are in the range of 20oC – 30oC. Changes in water 
temperature are influenced by various weather conditions such as rainfall, wind speed, air temperature, 
solar intensity and air humidity (Abdullah, 2015). 

The brightness of waters is a condition that indicates the ability of light to penetrate the water layer 
at a certain depth. In water areas, the level of brightness is very important for photosynthetic activity 
(Mainassy, 2017). Good brightness standards for coral reef growth are more than 5 meters deep (Rizal et 
al., 2016). Another factor affecting the brightness level is dissolved particles in the mud. Increased 
turbidity in the water will decrease the feeding efficiency of the organism. 

Acidic or alkaline water conditions will endanger the survival of organisms. Because it will result in 
metabolic and respiratory disorders (Jalaluddin et al., 2014). Aquatic organisms have a high degree of 
sensitivity to changes in pH. Each organism has a tolerance limit of varying pH values. In general, the 
standard pH value is in the range of 7 - 8.5. Changes in pH values in water areas will affect biochemical 
processes (Makmur &; Fahrur, 2011). Increased pH in water areas occurs due to human activities, waste, 
organic and anorganic matter that pollute waters. 

Salinity is one of the water quality parameters that needs attention in aquaculture activities in water 
areas because it is an important factor in the spread of organisms in water areas. This parameter has a 
direct influence on fish metabolic processes, especially osmoregulation processes that will have an impact 
on fish growth rates (Abidin, 2017). This process is an effort made by animals to control the balance of 
water and ions in the body and the surrounding environment (Syukri &; Ilham, 2016). Salinity standards 
for fresh water are in the range of 0-5 ppt, for brackish water 6-29 ppt and for seawater 30-40 ppt (Samy, 
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2020). The distribution of salinity in waters is influenced by various factors such as water circulation 
patterns, rainfall and river flow (Patty, 2013). 

 

B. Sensor Data Acquisition with Microcontroller 

Measurement of oceanographic parameters using sensors integrated with microcontroller devices 
has been carried out in recent years. Real-time measurement of water level is carried out using ultrasonic 
sensors. This measurement is carried out to monitor tidal conditions. (Pandiangan et al., 2016). 
Measurements related to oceanographic parameters are closely related to water quality. In several studies 
related to measuring freshwater quality for aquaculture in real-time, several oceanographic parameters 
became the main study. Research conducted by Hidayatullah, et al (2018) uses temperature, pH and 
turbidity as measurable parameters for water quality monitoring. The types of sensors used to perform 
measurements are shown in Table 1 

 
Table 1. Sensors for Water Quality Measurement 

Parameter Satuan Sensor 

Temperature oC Temperature Sensor DS18B20 

pH Value - pH Sensor (SKU: SEN0161) 

Turbidity NTU Turbidity Sensor 

 
 

In another study conducted by Pratama & Taufiqqurrahman (2018), the parameters measured were 
temperature, pH and salinity. The measurement of these oceanographic parameters uses LM35 sensors, pH 
sensors and salinity sensors integrated with the ATMega16 Microcontroller device. The results of sensor 
data acquisition will be processed and separated and then sent to PCs / laptops on the ground in real time 
using serial communication. Then in research that has been conducted by Staudinger et al (2019), research 
was carried out by measuring pH parameters. This is in line with research conducted by Demetillo et al 
(2019) and Raihanto, et al (2021) who developed a prototype that can measure pH and TDS parameters 
using sensors integrated with microcontroller devices. Burke (2020) made oceanographic parameter 
measurements by observing temperature and dissolved oxygen parameters and Zhao (2020) also took TDS 
measurements integrated with GPS modules to inform water quality at certain locations. The limitation of 
the oceanographic parameter measurement system is that there is no system that integrates all types of 
sensors used in measuring physical and chemical parameters in water. 

 
III. METHOD AND DESIGN 

The research carried out is designing a real-time monitoring system for oceanographic parameters 
based on a Wireless Sensor Network. The results of this research will be used in carrying out conservation 
activities in marine areas. The block diagram of the system is shown in Figure 1. In this study, an 
oceanographic data measurement system was designed by utilizing sensors integrated with 
Microcontroller devices. The parameters measured in this study consisted of water salinity, water 
temperature, water turbidity level and water pH. This research consists of 3 stages, such as hardware 
design, software design and system testing. In hardware design, the tools and components used consist of 
ESP32, TDS sensors, pH sensors, DSB1820 temperature sensors and turbidity sensors. Software design for 
the EPS32 Microcontroller device is done using the Arduino IDE to give commands to the hardware that 
has been designed. The testing carried out in this study consists of several stages. The initial stage of 
testing is carried out by validating and calibrating sensors in the laboratory. This test is carried out by 
providing several levels of treatment on the parameters to be measured, such as pH, salinity, temperature 
and turbidity in several variations in water volume. Sensor readings are compared with measurement 
results with measuring instruments as a data validation process. The second stage of testing is carried out 
by testing a system that has been integrated with all sensor devices in marine waters. The data from the 
sensor acquisition will be processed using a microcontroller device to be displayed on the LCD device. 
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Figure 1. Block Diagram of Oceanographic Measurement System 

 

IV. RESULTS AND DISCUSSION 

The research conducted is the design of a real-time oceanographic parameter monitoring system 
based on Wireless Sensor Network and Internet of Things. The results of this research will be used in 
carrying out conservation activities in marine waters. Several physical and chemical oceanographic 
parameters will be the object of study, such as water temperature, water turbidity, water pH and salinity. 
The research carried out consists of two main stages. In the initial stage, the design of an oceanographic 
data measurement system was carried out by utilizing sensors integrated with Microcontroller devices 
(ESP32). The study begins with calibrating the sensor. Calibrated sensors are integrated with 
Microcontroller devices to measure oceanographic parameters. The data from the sensor acquisition will 
be processed through a microcontroller device displayed on the LCD layer and sent from the Sensor Node 
to the Gateway using the LoRA communication module as shown in Figure 2. 

 

Figure 2. Sensor Node and Gateway Devices 
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A. Turbidity Sensor Measurement 

Water turbidity measurement is carried out by providing several turbidity level treatments in water 
with various water volumes. In this test using coffee to provide turbidity treatment in water, coffee is given 
with 5 different doses. The volume of water used consists of 250 ml, 500 ml, 750 ml and 1000 ml. The 
turbidity level of water is measured using the Turbidity Sensor SEN0189-DFRobot. The sensor is able to 
detect changes in light intensity caused by particles in the water which are then processed by 
microcontroller devices (Iskandar et al., 2019). The measurement results are shown in Table 2. 

 

Figure 3. Water Turbidity Level Measurement with Turbidity Sensor 

Table 2. Results of Water Turbidity Level Measurement with Turbidity Sensor 

Turbidity 

Treatment Rate 

Water Volume 

(ml) 
Voltage (Volt) 

Turbidity Value 

(NTU) 

1 

250 4.04 560 

500 4.05 558 

750 4.07 458 

1000 4.09 390 

2 

250 4.00 689 

500 4.02 624 

750 4.02 624 

1000 4.04 558 

3 

250 3.86 1118 

500 3.93 909 

750 4.01 657 

1000 4.02 624 

4 

250 3.75 1424 

500 3.93 909 

750 4.01 657 

1000 4.01 659 

5 

250 3.73 1477 

500 3.89 1030 

750 3.98 816 

1000 4.00 685 
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Figure 4. Results of Water Turbidity Level Measurement with Turbidity Sensor 

The test results show that the higher the level or level of turbidity treatment (dose of coffee) given, 
the resulting voltage value is smaller and the turbidity value (NTU) is greater. At the same turbidity 
treatment level, the value of the water turbidity reading produced by the sensor (NTU value) gets smaller 
the larger the volume of water given. 

B. TDS Sensor Measurement (Salinity) 

Water salinity level measurement is carried out by providing several salinity level treatments in 
water with various water volumes. In this test using salt to provide salinity level treatment in water, salt is 
given with 5 different doses. The volume of water used consists of 250 ml, 500 ml, 750 ml, 1000 ml and 
1500 ml. The salinity level of water was measured using a TDS Sensor SEN0244- DFRobot. The sensor can 
measure conductivity in water. An increase in the concentration of ions present in the water will cause the 
conductivity value to increase. The conductivity will be read by a sensor probe that will convert into a 
voltage value (Hakimi et al., 2021). The measurement results are shown in Table 3. 

 

Figure 5. Water Salinity Measurement with TDS Sensor 
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Table 3. Water Salinity Measurement Results with TDS Sensor 

Salinity 
Treatment 

Rate 

Water Volume 
(ml) 

Voltage  
(volt) 

Salinity Value 
(ppm) 

1 

250 2.3 1125 

500 2.14 988 

750 1.76 724 

1000 1.49 575 

1250 1.31 491 

1500 1.16 428 

2 

250 2.3 1125 

500 2.3 1121 

750 2.22 1044 

1000 2.05 913 

1250 1.86 784 

1500 1.7 686 

3 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.29 1108 

1250 2.21 1040 

1500 2.11 957 

4 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.3 1125 

1250 2.29 1112 

1500 2.23 1057 

5 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.3 1125 

1250 2.3 1125 

1500 2.29 1116 
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Figure 6. Water Salinity Measurement Results with TDS Sensor 

The measurement results show that the higher the salt content given, the greater the voltage value 
produced and the salinity value (TDS sensor reading) in ppm units is greater. At the same level of salt 
content treatment, the salinity reading value of the water produced by the sensor gets smaller the larger 
the volume of water given. 

C. pH Sensor Measurement 

Water pH level measurement is carried out using two buffer solutions, namely pH 4.01 and pH 7.01. 
The sensor used in this study was the SEN0161-DFRobot pH sensor. A pH sensor is a sensor that functions 
to determine the degree of acidity of water which is then converted into a voltage value (Hariyadi et al., 
2020). The sensor readings are compared with the pH meter readings. Tests are carried out in several 
times to observe the level of accuracy of the sensor. The measurement results are shown in Table 4. 

 
Figure 7. Water pH Measurement with pH Sensor 
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Table 4. pH Sensor Readings 

pH 
Calibration 
Solutions 

Sensor Reading 
pH Meter 

Testing 
Voltage 

(volt) 
pH Value 

4.01 

1 1.03 3.90 

3.35 

2 1.02 3.84 

3 1.03 3.89 

4 1.02 3.84 

5 1.03 3.89 

6 1.02 3.86 

7 1.03 3.90 

8 1.03 3.87 

9 1.04 3.92 

10 1.04 3.91 

7.01 

1 1.98 7.20 

6.33 

2 1.98 7.20 

3 1.99 7.24 

4 1.99 7.25 

5 2.00 7.28 

6 2.00 7.28 

7 2.01 7.30 

8 2.01 7.32 

9 2.01 7.32 

10 2.02 7.35 

The measurement results of the pH sensor showed that using buffer 4.01 the sensor reading results 
in an average pH value of 3.88 with an error value of 15.88%. The test results with a buffer of 7.01 resulted 
in an average pH value of the sensor reading of 7.27 with an error value of 14.91%. 

D. Temperature Sensor Measurement 

Water temperature measurement is carried out using a DS18B20 temperature sensor. This sensor is 
a waterproof sensor. This sensor has an output in the form of digital data with an error accuracy rate of 
±0.5°C. The detectable water temperature is in the range of -10°C to 85°C (Aritonang et al,m 2021). Tests 
were conducted using several water samples with varying temperatures. Validation of sensor 
measurement results is carried out using a thermometer. The measurement results are shown in Table 5. 
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Figure 8. Water Temperature Measurement with Temperature Sensor 

 
Table 5. Temperature Sensor Measurement Results 

Water Sample 
Sensor Readings  

(oC) 
Thermometer Readings  

(oC) 
Percentage of 
Error Values 

1 18.94 19.3 1.87 

2 25.0 25.19 0.75 

3 25.6 25.62 0.08 

4 25.9 26.37 1.78 

5 27.9 27.62 1.01 

The measurement results using water samples showed that the lowest error value was obtained by 
the 3rd water sample with an error value of 0.08%. The average error rate obtained in temperature sensor 
testing is 1.1 % 

E. Data Transmission from Sensor Node to Gateway 

At this stage, testing of sending data from the sensor node to the gateway is carried out. Sensor node 
is a device that is integrated with sensors and sends data from measurement of oceanographic parameters 
through the LoRA communication module placed in the waters. A gateway is a land-based device that 
receives data from oceanographic parameter measurements displayed on OLED devices. The test is carried 
out by sending sensor reading data from the sensor node to the gateway by changing the distance between 
the two devices. 
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Figure 9. Testing Data Transmission in Water 

The test was conducted with the maximum distance between the sensor node and the gateway is 
500 meters. The test results show that sensor reading data can be sent to the gateway device displayed on 
the OLED screen. Data transmission delay of about 2-10 seconds.  

The development of a real-time oceanographic parameter measurement system is carried out by 
utilizing several types of sensors integrated with microcontroller devices. In previous research conducted 
by Staudinger, et al (2019), a system designed to observe pH parameters in water. While the research 
conducted by Burke, et al (2020), the system designed only observed the parameters of Dissolve Oxygen 
and water temperature. In another study conducted by Pratama & Taufiqqurrahman (2018), the 
parameters measured were temperature, pH and salinity. The development of monitoring devices that 
have been designed and tested allows sensor reading data to be sent from devices in water areas to devices 
on land. This system can reduce observation errors in the measurement of oceanographic parameters 
carried out manually with the help of measuring instruments. The process of taking oceanographic data 
can be more efficient because measurement data can be stored properly. 

 

V. CONCLUSION 

The designed oceanographic parameter measurement system consists of a turbidity sensor, pH 
sensor, TDS sensor and temperature sensor integrated with the ESP32 microcontroller device. The sensor 
used has been calibrated and validated in the laboratory. The results of turbidity and TDS sensor testing 
show that the higher the level of treatment given, the greater the turbidity value (NTU) and salinity (ppm) 
produced. pH sensor readings show an average error value of about 15%. Tests performed on temperature 
sensors resulted in an error value of 1.1%. Sensor data is transmitted from the sensor node to the gateway 
using the LoRA Ebyte E220 communication module and tests are performed at a maximum distance of 500 
meters. The test results show that the sensor measurement data on the sensor node is the same as that 
displayed on the gateway with a delivery delay of up to 10 seconds. The development of a real-time 
oceanographic parameter measurement can reduce measurement errors in oceanographic parameter 
measurements. The process of taking oceanographic data can be more efficient because measurement data 
can be stored periodically according to specified time intervals without having to measure directly in the 
water areas throughout the day. 
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Abstrak 

Pengukuran parameter oseanografi dibutuhkan untuk mengetahui kondisi ekosistem yang ada pada wilayah 
perairan sehingga dapat menjadi dasar dalam melakukan kegiatan konservasi pada wilayah perairan laut. 
Pengukuran parameter fisik dan kimia yang digunakan masih dilakukan secara manual sehingga data yang 
diperoleh masih rentan terhadap kesalahan pengamatan. Pada penelitian ini dirancang sebuah sistem yang dapat 
melakukan pengukuran parameter oseanografi secara berkala. Sistem yang dirancang terdiri dari sensor suhu, 
sensor turbidity, sensor pH dan sensor TDS yang terintegrasi dengan perangkat mikrokontroler. Sistem terdiri dari 
dua bagian utama yaitu sensor node yang berfungsi sebagai transmitter dan gateway yang berfungsi sebagai 
receiver. Pengujian awal dilakukan dengan melakukan kalibrasi dan validasi data untuk setiap sensor yang 
digunakan. Pengujian selanjutnya dilakukan dengan menguji pengiriman data hasil pengukuran parameter 
oseanografi berupa pH air, salinitas, suhu air dan kekeruhan air dari sensor node ke gateway dengan menggunakan 
modul komunikasi LoRA Ebyte E220. Hasil pengujian menunjukkan bahwa data hasil pengukuran sensor node 
dapat dikirimkan ke gateway dengan pengaturan jarak antara perangkat sejauh 500 meter. Delay pengiriman data 
yang dihasilkan berada pada rentang 2-10 detik. 
Kata Kunci: Oseanografi, Mikrokontroler, Sensor Node, Gateway, LoRA. 
 

Abstract  
Measurement of oceanographic parameters is needed to determine the condition of the ecosystem in the water area so 
that it can be the basis for carrying out conservation activities in marine waters. Measurement of physical and 
chemical parameters used manually which causes the data obtained is still susceptible to observational errors. In this 
study, a system was designed that can measure oceanographic parameters periodically. The designed system consists 
of a temperature sensor, turbidity sensor, pH sensor and TDS sensor integrated with a microcontroller device. The 
system consists of two main parts, a sensor node that has a function as a transmitter and a gateway that has a 
function as a receiver. Initial testing is done by calibrating and validating data for each sensor used. The next test was 
carried out by testing the transmission of data from the measurement of oceanographic parameters in the form of 
water pH, salinity, water temperature and water turbidity from the sensor node to the gateway using the LoRA Ebyte 
E220 communication module. The test results show that the sensor node measurement data can be sent to the 
gateway by setting the distance between devices as far as 500 meters. The resulting data transmission delay is in the 
range of 2-10 seconds. 
Keywords: Oceanography, Microcontroller, Sensor Node, Gateway, LoRA. 
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I. INTRODUCTION 

Indonesia is a maritime country that has a large territorial waters. About 62% of Indonesia's 
territory is water. This makes the resources obtained from marine products a source of foreign exchange 
for the country which will have an impact on national development. In addition, the existence of abundant 
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marine products will have an impact on the community's economy (Kambey et al., 2023) Therefore, the 
community must maintain the preservation of coastal and underwater ecosystems. Conservation is an 
effort made in the form of conservation of mangroves, seagrasses, coral reefs and other marine 
ecosystems. This activity will have a very important role in the sustainability of living things in the waters. 
The conservation activities carried out will refer to oceanography parameters (Handayani, 2022). 

Oceanography is a science that discusses physical and dynamic phenomena and processes in 
seawater (Cahyadi &; Astiyani, 2021). The study of oceanography is divided into several parts including 
physical and chemical oceanography. Physical oceanography discusses physical parameters such as tides, 
temperature, depth, waves and ocean currents (Tanto et al., 2016). While chemical oceanographic 
discusses the salinity and pH conditions in waters. 

To obtain data on physical and chemical parameters, by performing measurement methods 
manually using measuring instruments. Measurement of oceanographic data using tools such as GPS, 
current meters, scale poles for wave measurements, water quality checkers to measure temperature, 
salinity and pH (Jalil et al., 2020). The amount of data obtained by manual measurements is very minimal 
and not continuous. The available automatic measurement tools are still not affordable in terms of price 
(Fadly &; Dewi, 2016). 

The development of a system that can measure several oceanographic parameters automatically is a 
solution to overcome the above problems. The system to be designed will integrate data from several 
sensors that can perform measurements of multiple Oceanographic parameters. The sensors installed will 
be controlled through a Microcontroller device. Sensor data will be sent from sensor node (transmitter) to 
gateway (receiver) on mainland to observe sensor measurement results. 

 

II. LITERATURE REVIEW 

A. Oceanographic Parameters 

Marine waters have various potentials and fisheries and marine resources are very abundant. 
Indonesia is the largest archipelagic country in the world which has a sea area of about 5.8 million km2 
with a coastline length of 95,181 km. The potential of fisheries owned is a potential that can be utilized as a 
basis for national development (Munawaroh, 2019). To maintain the ecosystem in marine waters, an 
important aspect that needs to be studied is the suitability of the conditions of oceanographic physical-
chemical parameters as an important factor in the growth of ecosystems in the waters. Several physical 
and chemical oceanographic parameters will be the object of this study, such as water temperature, water 
brightness / turbidity, water pH and salinity. 

Temperature is one of the factors that greatly affect the existence and development of fish that live 
in water areas. If the temperature in the waters is too high, it will cause stress on the body of the fish. Good 
temperature standards for fish growth in water areas are in the range of 20oC – 30oC. Changes in water 
temperature are influenced by various weather conditions such as rainfall, wind speed, air temperature, 
solar intensity and air humidity (Abdullah, 2015). 

The brightness of waters is a condition that indicates the ability of light to penetrate the water layer 
at a certain depth. In water areas, the level of brightness is very important for photosynthetic activity 
(Mainassy, 2017). Good brightness standards for coral reef growth are more than 5 meters deep (Rizal et 
al., 2016). Another factor affecting the brightness level is dissolved particles in the mud. Increased 
turbidity in the water will decrease the feeding efficiency of the organism. 

Acidic or alkaline water conditions will endanger the survival of organisms. Because it will result in 
metabolic and respiratory disorders (Jalaluddin et al., 2014). Aquatic organisms have a high degree of 
sensitivity to changes in pH. Each organism has a tolerance limit of varying pH values. In general, the 
standard pH value is in the range of 7 - 8.5. Changes in pH values in water areas will affect biochemical 
processes (Makmur &; Fahrur, 2011). Increased pH in water areas occurs due to human activities, waste, 
organic and anorganic matter that pollute waters. 

Salinity is one of the water quality parameters that needs attention in aquaculture activities in water 
areas because it is an important factor in the spread of organisms in water areas. This parameter has a 
direct influence on fish metabolic processes, especially osmoregulation processes that will have an impact 
on fish growth rates (Abidin, 2017). This process is an effort made by animals to control the balance of 
water and ions in the body and the surrounding environment (Syukri &; Ilham, 2016). Salinity standards 
for fresh water are in the range of 0-5 ppt, for brackish water 6-29 ppt and for seawater 30-40 ppt (Samy, 
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2020). The distribution of salinity in waters is influenced by various factors such as water circulation 
patterns, rainfall and river flow (Patty, 2013). 

 

B. Sensor Data Acquisition with Microcontroller 

Measurement of oceanographic parameters using sensors integrated with microcontroller devices 
has been carried out in recent years. Real-time measurement of water level is carried out using ultrasonic 
sensors. This measurement is carried out to monitor tidal conditions. (Pandiangan et al., 2016). 
Measurements related to oceanographic parameters are closely related to water quality. In several studies 
related to measuring freshwater quality for aquaculture in real-time, several oceanographic parameters 
became the main study. Research conducted by Hidayatullah, et al (2018) uses temperature, pH and 
turbidity as measurable parameters for water quality monitoring. The types of sensors used to perform 
measurements are shown in Table 1 

 
Table 1. Sensors for Water Quality Measurement 

Parameter Satuan Sensor 

Temperature oC Temperature Sensor DS18B20 

pH Value - pH Sensor (SKU: SEN0161) 

Turbidity NTU Turbidity Sensor 

 
 

In another study conducted by Pratama & Taufiqqurrahman (2018), the parameters measured were 
temperature, pH and salinity. The measurement of these oceanographic parameters uses LM35 sensors, pH 
sensors and salinity sensors integrated with the ATMega16 Microcontroller device. The results of sensor 
data acquisition will be processed and separated and then sent to PCs / laptops on the ground in real time 
using serial communication. Then in research that has been conducted by Staudinger et al (2019), research 
was carried out by measuring pH parameters. This is in line with research conducted by Demetillo et al 
(2019) and Raihanto, et al (2021) who developed a prototype that can measure pH and TDS parameters 
using sensors integrated with microcontroller devices. Burke (2020) made oceanographic parameter 
measurements by observing temperature and dissolved oxygen parameters and Zhao (2020) also took TDS 
measurements integrated with GPS modules to inform water quality at certain locations. The limitation of 
the oceanographic parameter measurement system is that there is no system that integrates all types of 
sensors used in measuring physical and chemical parameters in water. 

 
III. METHOD AND DESIGN 

The research carried out is designing a real-time monitoring system for oceanographic parameters 
based on a Wireless Sensor Network. The results of this research will be used in carrying out conservation 
activities in marine areas. The block diagram of the system is shown in Figure 1. In this study, an 
oceanographic data measurement system was designed by utilizing sensors integrated with 
Microcontroller devices. The parameters measured in this study consisted of water salinity, water 
temperature, water turbidity level and water pH. This research consists of 3 stages, such as hardware 
design, software design and system testing. In hardware design, the tools and components used consist of 
ESP32, TDS sensors, pH sensors, DSB1820 temperature sensors and turbidity sensors. Software design for 
the EPS32 Microcontroller device is done using the Arduino IDE to give commands to the hardware that 
has been designed. The testing carried out in this study consists of several stages. The initial stage of 
testing is carried out by validating and calibrating sensors in the laboratory. This test is carried out by 
providing several levels of treatment on the parameters to be measured, such as pH, salinity, temperature 
and turbidity in several variations in water volume. Sensor readings are compared with measurement 
results with measuring instruments as a data validation process. The second stage of testing is carried out 
by testing a system that has been integrated with all sensor devices in marine waters. The data from the 
sensor acquisition will be processed using a microcontroller device to be displayed on the LCD device. 
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Figure 1. Block Diagram of Oceanographic Measurement System 

 

IV. RESULTS AND DISCUSSION 

The research conducted is the design of a real-time oceanographic parameter monitoring system 
based on Wireless Sensor Network and Internet of Things. The results of this research will be used in 
carrying out conservation activities in marine waters. Several physical and chemical oceanographic 
parameters will be the object of study, such as water temperature, water turbidity, water pH and salinity. 
The research carried out consists of two main stages. In the initial stage, the design of an oceanographic 
data measurement system was carried out by utilizing sensors integrated with Microcontroller devices 
(ESP32). The study begins with calibrating the sensor. Calibrated sensors are integrated with 
Microcontroller devices to measure oceanographic parameters. The data from the sensor acquisition will 
be processed through a microcontroller device displayed on the LCD layer and sent from the Sensor Node 
to the Gateway using the LoRA communication module as shown in Figure 2. 

 

Figure 2. Sensor Node and Gateway Devices 
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A. Turbidity Sensor Measurement 

Water turbidity measurement is carried out by providing several turbidity level treatments in water 
with various water volumes. In this test using coffee to provide turbidity treatment in water, coffee is given 
with 5 different doses. The volume of water used consists of 250 ml, 500 ml, 750 ml and 1000 ml. The 
turbidity level of water is measured using the Turbidity Sensor SEN0189-DFRobot. The sensor is able to 
detect changes in light intensity caused by particles in the water which are then processed by 
microcontroller devices (Iskandar et al., 2019). The measurement results are shown in Table 2. 

 

Figure 3. Water Turbidity Level Measurement with Turbidity Sensor 

Table 2. Results of Water Turbidity Level Measurement with Turbidity Sensor 

Turbidity 

Treatment Rate 

Water Volume 

(ml) 
Voltage (Volt) 

Turbidity Value 

(NTU) 

1 

250 4.04 560 

500 4.05 558 

750 4.07 458 

1000 4.09 390 

2 

250 4.00 689 

500 4.02 624 

750 4.02 624 

1000 4.04 558 

3 

250 3.86 1118 

500 3.93 909 

750 4.01 657 

1000 4.02 624 

4 

250 3.75 1424 

500 3.93 909 

750 4.01 657 

1000 4.01 659 

5 

250 3.73 1477 

500 3.89 1030 

750 3.98 816 

1000 4.00 685 
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Figure 4. Results of Water Turbidity Level Measurement with Turbidity Sensor 

The test results show that the higher the level or level of turbidity treatment (dose of coffee) given, 
the resulting voltage value is smaller and the turbidity value (NTU) is greater. At the same turbidity 
treatment level, the value of the water turbidity reading produced by the sensor (NTU value) gets smaller 
the larger the volume of water given. 

B. TDS Sensor Measurement (Salinity) 

Water salinity level measurement is carried out by providing several salinity level treatments in 
water with various water volumes. In this test using salt to provide salinity level treatment in water, salt is 
given with 5 different doses. The volume of water used consists of 250 ml, 500 ml, 750 ml, 1000 ml and 
1500 ml. The salinity level of water was measured using a TDS Sensor SEN0244- DFRobot. The sensor can 
measure conductivity in water. An increase in the concentration of ions present in the water will cause the 
conductivity value to increase. The conductivity will be read by a sensor probe that will convert into a 
voltage value (Hakimi et al., 2021). The measurement results are shown in Table 3. 

 

Figure 5. Water Salinity Measurement with TDS Sensor 
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Table 3. Water Salinity Measurement Results with TDS Sensor 

Salinity 
Treatment 

Rate 

Water Volume 
(ml) 

Voltage  
(volt) 

Salinity Value 
(ppm) 

1 

250 2.3 1125 

500 2.14 988 

750 1.76 724 

1000 1.49 575 

1250 1.31 491 

1500 1.16 428 

2 

250 2.3 1125 

500 2.3 1121 

750 2.22 1044 

1000 2.05 913 

1250 1.86 784 

1500 1.7 686 

3 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.29 1108 

1250 2.21 1040 

1500 2.11 957 

4 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.3 1125 

1250 2.29 1112 

1500 2.23 1057 

5 

250 2.3 1125 

500 2.3 1125 

750 2.3 1125 

1000 2.3 1125 

1250 2.3 1125 

1500 2.29 1116 
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Figure 6. Water Salinity Measurement Results with TDS Sensor 

The measurement results show that the higher the salt content given, the greater the voltage value 
produced and the salinity value (TDS sensor reading) in ppm units is greater. At the same level of salt 
content treatment, the salinity reading value of the water produced by the sensor gets smaller the larger 
the volume of water given. 

C. pH Sensor Measurement 

Water pH level measurement is carried out using two buffer solutions, namely pH 4.01 and pH 7.01. 
The sensor used in this study was the SEN0161-DFRobot pH sensor. A pH sensor is a sensor that functions 
to determine the degree of acidity of water which is then converted into a voltage value (Hariyadi et al., 
2020). The sensor readings are compared with the pH meter readings. Tests are carried out in several 
times to observe the level of accuracy of the sensor. The measurement results are shown in Table 4. 

 
Figure 7. Water pH Measurement with pH Sensor 
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Table 4. pH Sensor Readings 

pH 
Calibration 
Solutions 

Sensor Reading 
pH Meter 

Testing 
Voltage 

(volt) 
pH Value 

4.01 

1 1.03 3.90 

3.35 

2 1.02 3.84 

3 1.03 3.89 

4 1.02 3.84 

5 1.03 3.89 

6 1.02 3.86 

7 1.03 3.90 

8 1.03 3.87 

9 1.04 3.92 

10 1.04 3.91 

7.01 

1 1.98 7.20 

6.33 

2 1.98 7.20 

3 1.99 7.24 

4 1.99 7.25 

5 2.00 7.28 

6 2.00 7.28 

7 2.01 7.30 

8 2.01 7.32 

9 2.01 7.32 

10 2.02 7.35 

The measurement results of the pH sensor showed that using buffer 4.01 the sensor reading results 
in an average pH value of 3.88 with an error value of 15.88%. The test results with a buffer of 7.01 resulted 
in an average pH value of the sensor reading of 7.27 with an error value of 14.91%. 

D. Temperature Sensor Measurement 

Water temperature measurement is carried out using a DS18B20 temperature sensor. This sensor is 
a waterproof sensor. This sensor has an output in the form of digital data with an error accuracy rate of 
±0.5°C. The detectable water temperature is in the range of -10°C to 85°C (Aritonang et al,m 2021). Tests 
were conducted using several water samples with varying temperatures. Validation of sensor 
measurement results is carried out using a thermometer. The measurement results are shown in Table 5. 
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Figure 8. Water Temperature Measurement with Temperature Sensor 

 
Table 5. Temperature Sensor Measurement Results 

Water Sample 
Sensor Readings  

(oC) 
Thermometer Readings  

(oC) 
Percentage of 
Error Values 

1 18.94 19.3 1.87 

2 25.0 25.19 0.75 

3 25.6 25.62 0.08 

4 25.9 26.37 1.78 

5 27.9 27.62 1.01 

The measurement results using water samples showed that the lowest error value was obtained by 
the 3rd water sample with an error value of 0.08%. The average error rate obtained in temperature sensor 
testing is 1.1 % 

E. Data Transmission from Sensor Node to Gateway 

At this stage, testing of sending data from the sensor node to the gateway is carried out. Sensor node 
is a device that is integrated with sensors and sends data from measurement of oceanographic parameters 
through the LoRA communication module placed in the waters. A gateway is a land-based device that 
receives data from oceanographic parameter measurements displayed on OLED devices. The test is carried 
out by sending sensor reading data from the sensor node to the gateway by changing the distance between 
the two devices. 
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Figure 9. Testing Data Transmission in Water 

The test was conducted with the maximum distance between the sensor node and the gateway is 
500 meters. The test results show that sensor reading data can be sent to the gateway device displayed on 
the OLED screen. Data transmission delay of about 2-10 seconds.  

The development of a real-time oceanographic parameter measurement system is carried out by 
utilizing several types of sensors integrated with microcontroller devices. In previous research conducted 
by Staudinger, et al (2019), a system designed to observe pH parameters in water. While the research 
conducted by Burke, et al (2020), the system designed only observed the parameters of Dissolve Oxygen 
and water temperature. In another study conducted by Pratama & Taufiqqurrahman (2018), the 
parameters measured were temperature, pH and salinity. The development of monitoring devices that 
have been designed and tested allows sensor reading data to be sent from devices in water areas to devices 
on land. This system can reduce observation errors in the measurement of oceanographic parameters 
carried out manually with the help of measuring instruments. The process of taking oceanographic data 
can be more efficient because measurement data can be stored properly. 

 

V. CONCLUSION 

The designed oceanographic parameter measurement system consists of a turbidity sensor, pH 
sensor, TDS sensor and temperature sensor integrated with the ESP32 microcontroller device. The sensor 
used has been calibrated and validated in the laboratory. The results of turbidity and TDS sensor testing 
show that the higher the level of treatment given, the greater the turbidity value (NTU) and salinity (ppm) 
produced. pH sensor readings show an average error value of about 15%. Tests performed on temperature 
sensors resulted in an error value of 1.1%. Sensor data is transmitted from the sensor node to the gateway 
using the LoRA Ebyte E220 communication module and tests are performed at a maximum distance of 500 
meters. The test results show that the sensor measurement data on the sensor node is the same as that 
displayed on the gateway with a delivery delay of up to 10 seconds. The development of a real-time 
oceanographic parameter measurement can reduce measurement errors in oceanographic parameter 
measurements. The process of taking oceanographic data can be more efficient because measurement data 
can be stored periodically according to specified time intervals without having to measure directly in the 
water areas throughout the day. 
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LATAR BELAKANG

• Indonesia adalah sebuah negara kepulauan 

yang sebagian besar wilayahnya terdiri dari 

perairan dengan kekayaan yang sangat 

melimpah. Berbagai aktivitas yang dilakukan 

oleh manusia untuk terus menjaga 

kelestarian ekosistem pesisir dan bawah air

• Pengukuran Oseanografi secara manual 

membutuhkan banyak tenaga dan rentan

terhadap kesalahan pengukuran

• Jumlah data yang didapatkan dengan

pengukuran secara manual sangat minim dan 

tidak bersifat kontinyu sehingga belum ada

data real time yang bisa dianalisis. Alat 

pengukuran otomatis yang tersedia masih

belum terjangkau dari segi harga

Untuk merancang sebuah sistem pengukuran dan monitoring 

parameter oseanograf secara real-time. Hasil dari penelitian ini akan

memberikan kemudahan kepada peneliti dalam bidang perikanan dan 

kelautan dalam mendapatkan data parameter fsik dan kimia secara

berkala yang dapat digunakan sebagai dasar untuk melakukan

konservasi wilayah perairan. 

Pada penelitian ini dilakukan integrasi berbagai jenis sensor dengan

perangkat mikrokontroler untuk melakukan pengukuran parameter 

fisika dan kimia oseanografi. Pengamatan hasil pengukuran dapat
dilakukan melalui aplikasi web berbasis Internet of Things

TUJUAN PENELITIAN

KEBARUAN PENELITIAN



METODE DAN HASIL UTAMA PENELITIAN

Penelitian yang dilaksanakan terdiri dari dua tahapan utama. Pada tahapan awal

dilakukan perancangan sistem pengukuran data oseanografi dengan

memanfaatkan sensor-sensor yang terintegrasi dengan perangkat Mikrokontroler

(ESP32). Penelitian dimulai dengan melakukan kalibrasi sensor. Sensor yang

telah dikalibrasi diintegrasikan dengan perangkat Mikrokontroler untuk melakukan

pengukuran parameter oseanografi. Data hasil akuisisi sensor diproses melalui

perangkat mikrokontroler yang ditampilkan pada layer LCD dan dikirimkan dari

Sensor Node ke Gateway dengan menggunakan modul komunikasi LoRA Ebyte

E220. Tahapan selanjutnya data akan diteruskan ke Database untuk ditampilkan

pada aplikasi berbasis Internet of Things

Pengujian dilakukan dengan jarak maksimal antara sensor node dan

gateway adalah 500 meter. Hasil pengujian menunjukkan bahwa data

hasil pembacaan sensor dapat dikirimkan ke perangkat gateway yang

ditampilkan pada layar OLED. Delay pengiriman data sekitar 2-10

detik.

Data sensor akan dikirimkan melalui perangkat LoRA yang ada pada

wilayah perairan ke perangkat LoRA yang ada di daratan. Data

kemudian diteruskan ke database untuk ditampilkan melalui aplikasi

web berbasis Internet of Things



LUARAN

Artikel pada Journal of Informatics and 

Telecommunication Engineering yang 

terakreditasi SINTA 3 dengan status reviewed

Sistem pengukuran parameter oseanografi yang dirancang terdiri dari sensor 

turbiditas, sensor pH, sensor TDS dan sensor suhu yang terintegrasi dengan

perangkat mikrokontroler ESP32. Sensor yang digunakan telah dikalibrasi dan 

divalidasi di laboratorium. Hasil pengujian sensor turbiditas dan TDS menunjukkan

bahwa semakin tinggi tingkat perlakuan yang diberikan maka semakin besar nilai

kekeruhan (NTU) dan salinitas (ppm) yang dihasilkan. Pembacaan sensor pH 

menunjukkan nilai kesalahan rata-rata sekitar 15%. Pengujian yang dilakukan pada 

sensor suhu menghasilkan nilai kesalahan 1,1%. Data sensor ditransmisikan dari

node sensor ke gateway menggunakan modul komunikasi LoRA Ebyte E220 dan 

pengujian dilakukan pada jarak maksimum 500 meter. Hasil pengujian

menunjukkan bahwa data pengukuran sensor pada node sensor sama dengan

yang ditampilkan pada gateway dengan penundaan pengiriman hingga 10 detik. 

Pengembangan pengukuran parameter oseanografi secara real-time melalui

aplikasi berbasis Internet of Things dapat mengurangi kesalahan pengukuran

dalam pengukuran parameter oseanografi. Proses pengambilan data oseanografi

dapat lebih efisien karena data pengukuran dapat disimpan secara berkala sesuai

interval waktu yang ditentukan tanpa harus mengukur secara langsung di wilayah 

perairan sepanjang hari.

Hasil penelitian yang telah dilakukan menjadi

fundamental menuju ke implementasi kecerdasan

buatan dan teknologi bidang maritim serta dapat

digunakan pada bidang perikanan, kelautan dan 
lingkungan

KESIMPULAN
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