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RANCANG BANGUN SISTEM MONITORING CAIRAN INFUS BERBASI
10T DENGAN METODE TYPE-2 FUZZY SUGENO
MOH DZIKRI ROBBY SYAHPUTRA

ABSTRAK

Keterlambatan penggantian cairan infus dan pemantauan manual pada
fasilitas Kesehatan berisiko menyebabkan komplikasi medis, seperti selang
tersumbat atau timbulnya aliran darah balik pada pasien. Penelitian ini bertujuan
untuk merancang dan mengimplementasikan sistem monitoring serta pengendalian
cairan infus otomatis berbasis Internet of Things (IoT) menggunakan algoritma
Type-2 Fuzzy Sugeno. Penelitian ini mengembangkan kebaruan berupa sistem
monitoring dan kendali infus ganda terintegrasi berbasis loT dengan implementasi
algoritma Type-2 Fuzzy Sugeno untuk mengatasi ketidakpastian pembacaan sensor
secara adaptif. Mikrokontroller ESP32 sebagai pusat kendali yang terhubung
dengan dua loadcell HX711 untuk mengukur volume cairan, dua sensor TCRT5000
untuk menghitung laju tetesan dan mendeteksi sumbatan, serta peristaltic pump DC
sebagai aktuator kendali aliran. Akses antarmuka monitoring jarak jauh dan
pengaturan TPM dilakukan melalui website publik yang ditransmisikan secara
aman via tunnelling Ngrok serta dilindungi autentikasi HTTP Basic. Algoritma
Type-2 Fuzzy Sugeno dengan 18 aturan inferensi diterapkan untuk mengani
ketidakpastian dan noise pembacaan sensor secara real-time. Hasil pengujian
menunjukkan bahwa sensor loadcell memiliki Tingkat akurasi rata-rata pembacaan
volume sebesar 99,69%. Pengujian pengaturan laju tetesan pada rentang 10-60
TPM menghasilkan tingkat akurasi kendali sebesar 97,96% dengan eror gabungan
2,04%. Seluruh fungsi operasional utama (Infus 1 dan 2 Aktif, Auto-Switch, Deteksi
Penyumbatan, Peringatan Kedua Infus Habis, dan Emergency Stop) berhasil
dilakukan dengan baik. Secara keseluruhan, integrasi sistem berbasi [oT dan Type-
2 Fuzzy Sugeno ini menghasilkan Tingkat akurasi sistem gabungan sebesar
98.,82%, sehingga terbuikti handal dalam meminimalisasi intervensi manual tenaga
medis dan menibgkatkan keselamatan pasien.

Kata Kunci : Internet of Things (10T), Monitoring Cairan Infus, Type-2 Fuzzy
Sugeno, TPM, Tunneling Ngrok
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RANCANG BANGUN SISTEM MONITORING CAIRAN INFUS BERBASI
10T DENGAN METDE TYPE-2 FUZZY SUGENO
MOH DZIKRI ROBBY SYAHPUTRA

ABSTRACT

Delays in replacing 1V fluids and manual monitoring at healthcare facilities
can risk causing medical complications, such as clogged tubes or backflow in
patients. This study aims to design and implement an automated IV fluid monitoring
and control system based on the Internet of Things (loT) using a Type-2 Fuzzy
Sugeno algorithm. The research develops an innovation in the form of an integrated
dual-1V monitoring and control system based on loT with the implementation of an
Interval Type-2 Fuzzy Sugeno algorithm to adaptively handle sensor reading
uncertainties. The ESP32 microcontroller serves as the control center, connected to
two HX711 load cells to measure fluid volume, two TCRT5000 sensors to count
drop rates and detect blockages, and a DC peristaltic pump as the flow control
actuator. Remote monitoring interface access and TPM settings are done through a
public website that is securely transmitted via Ngrok tunneling and protected by
HTTP Basic authentication. A Type-2 Fuzzy Sugeno algorithm with 18 inference
rules is applied to handle uncertainties and sensor reading noise in real-time. Test
results show that the load cell sensor has an average volume reading accuracy rate
0f'99.69%. Testing the drip rate settings in the 10-60 TPM range produced a control
accuracy rate of 97.96% with a combined error of 2.04%. All main operational
functions (Infusion 1 and 2 Active, Auto-Switch, Blockage Detection, Second
Infusion Empty Warning, and Emergency Stop) were successfully performed.
Overall, the integration of the loT-based system and Type-2 Fuzzy Sugeno resulted
in a combined system accuracy rate of 98.82%, proving to be reliable in minimizing
manual medical interventions and improving patient safety.

Keywords: Internet of Things (loT), Infusion Fluid Monitoring, Type-2 Fuzzy
Sugeno, TPM, Ngrok Tunne

ix

https://lib.mercubuana.ac.id



DAFTAR ISI

HALAMAN SAMPUL ..o 0
HALAMAN JUDUL ..ottt i
HALAMAN PERNYATAAN KARYA SENDIRI ........cccooiiiiiiiiec ii
SURAT KETERANGAN HASIL SIMILARITY ..........ccccocooviiiiiiiiniiiiienienn iii
HALAMAN PENGESAHAN .......ccoi ittt iv
KATA PENGANTAR ... \%
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI TUGAS AKHIR
DI REPOSITORI UMB ..o vii
ABSTRAK ... et viii
ABSTRACT ...ttt r et ix
DAFTAR IS ...ttt s sb e et e e snne e X
DAFTAR TABEL ..o s xii
DAFTAR GAMBAR ... xiii
DAFTAR LAMPIRAN ... XV
BAB I PENDAHULUAN ...ttt 1
1.1 Latar BelaKang..........cccooiiiiiiiiiiccee s 1
1.2 Rumusan masalah...........ocooiiiiiiiiiice e 4
1.3 TUjuan PENELIIAN ....c.vvreeiiieiiiicsieeie e 4
1.4 Batasan masalah ..o 5
1.5 Manfaat penelitian ...........ceeiiieiiieiiiisesie e 5
1.6 Sistematika Penelitian..........cueeiiuiiiiiiiiiiie i 5
BAB II TINJAUAN PUSTAKA ....oooiiii et 7
2.1 Tinjauan Pustaka.........ccooiiiiiiiiice e 7
2.2 Landasan TEOTT ......eeiueeieieiieeiieesiee sttt sttt sr e 10
2.2.1 Konsep Dasar MONITOTING. .......cuvveiieeeiiieeiiieeiiieesieeesieessneessneessineeens 10
2.2.2 Terapi INtraVeNA .......couviiiiiiiieiiie e 11
2.2.3 Internet of Things (I0T) ...vovvviiieiiiie e 11
2.2 4 FUZZY LOZIC.....c.uvviiiiiiiii ettt 12
2.2.5 Type-2 FUZZY LOZIC ...ccuvevviiiiiiiiiiiiiiece s 13
2.2.6 Mikrokontroller ESP32........c.cccoiiiiiiiiii 16
2.2.7 Sensor Loadcell dan Modul hX711 .......ccccoviiiiiiininiiiiccee 16
X

https://lib.mercubuana.ac.id



2.2.8 SeNSOr TCRT 5000 ... . ittt et e e e et e e e e e e e e e e era s 17

2.2.9 Liquid crystal display (LCD) 16X2........cccociviiiiiiiiiciieieeenec 18
2.2.10 Peristaltic Pump DC.........cccoooiiiiiiiiiieie e 19
22,11 NELOK 1ottt 20
BAB III METODOLOGI PENELITIAN ......ccoocoiiiiiiiiiie 21
3.1 Rancan@an SiSTEIM .........ccuiiviiiiiiiiiiiieie s 21
3.1.1 Diagram BloK........occoiiiiiiiiiiiii e 21

3 1.2 ATUE SISEEIM Lot 23
3.1.3 Perancangan Hardware................ccccuoovooiiiiiiiciiiiiee e 24
3.1.4 Tunneling Website ..............cccocoiuviiiiiiiiiiiciiiiiei s 26
BUS FUZZY TIPO-2....ooiiiiiiiiic et 28
BAB IV HASIL DAN PEMBAHASAN ......cooiiiiiii e 34
4.1 Hasil Rancangan Hardware ............cccooeriiiiiiiiiiiii e 34
4.2 Pengujian Hardware..............ccccouviiiiiiiiiiiii i 34
4.2.1 Hasil Pengujian Sensor Loadcell ............ccoovvviiiiiiiiiiiiii 35
4.2.2 Hasil Pengujian Sensor TCRTS5000 .........cccocvviiiiiiiiinniiiniiiee e 36

4.3 Pengujian Software dan Komunikasi Jaringan...........c.cccevvveniniiniinnnnnn 38
4.3.1 Pengujian TUNNElNG .......c.cooviiiiiiiiiiiece e 38
4.3.2 Pengujian Keamanan (HTTP Basic Authentication)...............cccc.cu..... 38

4.4 Pengujian Algoritma Type-2 Fuzzy Sugeno ..........ccccvvvvviiieniniinicneennn, 40
4.4.1 Pengujian Rule Base FUZZY ........cccooiiiiiiiiiie 40

4.5 Pengujian Sistem Secara Keseluruhan ............ccccoooviiiiiiiciicice 43
4.5.1 Pengujian Infus AKtif ..o 43
4.5.2 Pengujian AuUtO-SWILCH ..........c.ccoiviiiiiiiiiiiiiciis e 44
4.5.3 Pengujian Kondisi Tersumbat...........ccccveiiiiriiieiiiien e 45
4.5.4 Pengujian Kedua Infus Habis ........ccccoeeiiiiiiiiiiiiceceec 46
4.5.5 Pengujian Fitur Emergency Stop........c.ccccuovveiiiiiiiiiiiiieieie e 46
4.5.6 Kesimpulan Pengujian Parameter............coccoevviiiiiiiniicnic e 47
4.5.7 Pengujian Pengaturan Tetesan Infus (10-60) .........ccceeviviiiiiiiiienninnns 47
BAB V KESIMPULAN DAN SARAN .....coooiiiiiiiii e 55
5.1 KeSIMPUIAN.....oiiiiiiicicc s 55
5.2 SAraN c.ciiiiiiii 57
DAFTAR PUSTAKA ...ttt 58
LAMPIRAN ..ot 61
xi

https://lib.mercubuana.ac.id



DAFTAR TABEL

Tabel 2. 1 Tinjauan Pustaka.........c.cocoeiiiiiiiiieiee e 7
Tabel 3. 1 Penjelasan Diagram BlokK ...........ccoccoiiiiiiiiiiiiiece 22
Tabel 3. 2 Konfigurasi Pin Rancangan Hardware .............cccococviiiiiiiiiniinnnn, 25
Tabel 3. 3 RUIC......ociiiiiiiie e 31
xii

https://lib.mercubuana.ac.id



DAFTAR GAMBAR

Gambar 2. 1 Internet of Things (I0T) ...coovvviiiiiiiiiiii e 12
Gambar 2. 2 Mikrokontroller ESP32.......cccoiiiiiiii e 16
Gambar 2. 3 Sensor Loadcell ... 17
Gambar 2. 4 Modul HX711 ... 17
Gambar 2. 5 Sensor TCRTS5000.........cccciiiiiiiiiiiieee e 18
Gambar 2. 6 LCD 16 X 2 ..o 18
Gambar 2. 7 Pereistaltic Pump DC..........ccooiiiiiiiieeee 19
Gambar 3. 1 Diagram BloK.........cccccoiiiiiiii 21
Gambar 3. 2 Flowchart Alur SiStem .........ccovviiiiiiiiiceeee e 23
Gambar 3. 3 Wiring Hardware ............cocooiiiiiiiiiiiie e 24
Gambar 3. 4 Halaman Authtoken Ngrok ...........cccccooiiiiiniiiieec 26
Gambar 3. 5 Perintah Pendaftaran Website Ngrok..........ccccovvriiiiiiicnnnnnnn 26
Gambar 3. 6 Tampilan Perintah Command Prompt (CMD)..........cccccevviiirnnnne. 27
Gambar 3. 7 Tampilan Upload IP Pada CMD Ngrok ........ccccceevviiiiiiiieniiiennnnnn. 27
Gambar 3. 8 Variabel Volume Cairan ..........ccoooveiieiiiiininiiiesee e 28
Gambar 3. 9 Variabel Status Cairan...........ccccooveiiiiiiienii e 29
Gambar 3. 10 Variabel Tetesan Cairan .........cc.ccceveerviineiniieseeneesee e 30
Gambar 3. 11 Variabel Output Status MoOtor ........ccccoovviiiiiiiiiiicieee 30
Gambar 3. 12 Rule VIEWET ..o 32
Gambar 4. 1 Hasil Rancangan Hardware .............ccccovviiiiiiniiiicnece 34
Gambar 4. 2 Rancangan Sensor TCRTS5000..........ccccoooviiiiiiiiiiciiiieeee, 37
Gambar 4. 3 Hasil Tetesan Sensor TCRTS5000 .........cccccovviiiiiiiiiiiiiniciecn 37
Gambar 4. 4 Tampilan Server Pada Ngrok...........ccooovviiiiiiiiiiiiice, 38
Gambar 4. 5 Halaman Login WebSite........cccccvvriiiiiiiiii e 39
Gambar 4. 6 Halaman Utama Website MONItOTiNg .........cevvvrvirierinienicieseeee 39
Gambar 4. 7 Output Kondisi Normal .........cccoooiiiiiiiiiiiiieee e 40
Gambar 4. 8 Output Kondisi Tetesan Cepat .........cccocvererrrienieniienecse e 41
Gambar 4. 9 Output Kondisi Habis ........cccceeiiiiiiiiiiiiece 42
Gambar 4. 10 Output Kondisi Tersumbat............cccceviviiiiiinniieeiice e 42
Gambar 4. 11 LCD Infus 1 AKtif......ocoiiiiiiii e 43
Gambar 4. 12 LCD Infus 2 AKtif. ... 44
Gambar 4. 13 Tampilan Website Auto-Switch ke Infus 2 .......cccocvvviiiiiiiennnn. 44
Gambar 4. 14 Tampilan Website Auto-Switch Ke Infus 1..........ccocoviiiiiiinn. 45
Gambar 4. 15 Notifikasi Jalur 1 dan 2 Tersumbat............cceveiriiiiiiiiiee 45
Gambar 4. 16 Notifikasi Peringatan Kedua Infus Habis ..........c.cccoviiiiininnnn. 46
Gambar 4. 17 Notifikasi Emergency Stop.......ccccooeiiiiiiiiiiiiieieesee e 46
Gambar 4. 18 Jalur 1 Set 10 TPM dan Tampilan LCD...........cccceviiiiiiieeiiinnen. 48
Gambar 4. 19 Jalur 2 Set 10 TPM dan Tampilan LCD...........cccoovviiiiiiiniiinene. 49
Gambar 4. 20 Jalur 1 Set 20 TPM dan Tampilan LCD..........ccccviiiiiiieniiiecnnen, 49
Gambar 4. 21 Jalur 2 Set 20 TPM dan Tampilan LCD...........ccoovevinieiiiciinnee. 50
Gambar 4. 22 Jalur 1 Set 30 TPM dan Tampilan LCD........ccccccoiiiiiiiiiiienene 50

xiii

https://lib.mercubuana.ac.id



Gambar 4. 23 Jalur 2 Set 30 TPM dan Tampilan LCD...........ccoovvviiiiiiniinee. 51

Gambar 4. 24 Jalur 1 Set 40 TPM dan Tampilan LCD...........ccccoviiiiiiieniiienen. 51
Gambar 4. 25 Jalur 2 Set 40 TPM dan Tampilan LCD...........cccoovviiiiiiicninnee. 52
Gambar 4. 26 Jalur 1 Set 50 TPM dan Tampilan LCD..........cccceviveiiiiiniiiennnen. 52
Gambar 4. 27 Jalur 2 Set 50 TPM dan Tampilan LCD..........cccooviiiiiiiiiiie 53
Gambar 4. 28 Jalur 1 Set 60 TPM dan Tampilan LCD.........ccccooiiiiiiiiiiiennne 53
Gambar 4. 29 Jalur 2 Set 60 TPM dan Tampilan LCD........c.ccccoviiiiiiieniienen. 54

Xiv

https://lib.mercubuana.ac.id



DAFTAR LAMPIRAN

Lampiran 1 Dokumentasi Alat..........cccoiiiiiiiiiiiiieiiiie e
Lampiran 2 Pemrograman ESP32 ...
Lampiran 3 Loogbook Bimbingan...........cccoceviiiiiiiiiiiciicicscccecee

https://lib.mercubuana.ac.id

XV





