DAFTAR ISI

HALAMAN PENGESAHAN PEMBIMBING ......ccccoveiiiiieieienieiecceeie e il
HALAMAN PENGESAHAN PENGUIL......ocoiiiiiiiiieeceeseeee e v
SURAT PERNYATAAN KARYA ASLI TUGAS AKHIR ......cccoviviriieieieeee v
PERNYATAAN BEBAS PLAGIASI.....cooiiieteeeeee ettt vi
ABSTRAK ...ttt ettt sttt st vii
ABSTRACT .ottt ettt ettt s s e besse e s e sbeeseesesseeneens viii
KATA PENGANTAR ...ttt sttt eneas iX
DAFTAR IST ..ottt ettt beeseensesneenaenseenean Xi
DAFTAR TABEL ...ttt Xiv
DAFTAR GAMBAR ...ttt s XVi
BAB I PENDAHULUAN ..ottt sttt st sse e nse e eneens 1
1.1  Latar Belakang Masalah ...........ccccoconiniiiiininiinicececeeen 1
1.2 Rumusan Masalah..........ccccooiiiiiiiiininieieee e 3
1.3 Batasan Masalah .........ccccooeriiiiiniiiinieeee e 3
1.4 Tujuan Penelitian .........cccoceoiriiiiiiiiiinieiercce e 3
1.5 Manfaat Penelitian ..........ccceoierieniiii et 4
1.6 Tahapan Penelitian..........ccccoceeviiniiiininiiiiiceceeceeee e 4
1.7 Sistematika PenuliSan ............cccovieieniriininineneceeeeeeee e 5
BAB II TINJAUAN LITERATUR ....oouiiiieieiieeeeeee et 6
2.1 HIdrOPONIK ....oeeeiiieiiiiieciie ettt sttt et e e enbeennees 6
2.1.1 Definisi hidroponik ..........coccoeiieiierieiieeieeeee e 6
2.1.2  Sejarah hidroponiK ..........c.cccievuieriierieniieeie et 6
2.1.3  HidroponiK idOOF ..........cooeveieeieieiieiieieeceeeeesee e 6
2.1.4 Deep Flow Technique (DFT) ......cuueoeeoeeeeeeieieeeeeeeeeeeee e 7

2.2 ESP3 2ttt ettt enean 7
2.2.1 Definisi ESP32. ..o e 7
2.2.2  Sejarah ESP32......ocuiiiieiicieeeeeete ettt 8

2.3 Framework LOT ...ttt et 8
2.3.1 Definisi framework 10T ......c.cccoeiiiiiiiieieeeeeee e 8
2.3.2  ArSHEKIUT TOT oo 9

24 MOQTT oottt st sttt st ae 10
2.5 Dashboard Monitoring Re@l-1ime ...........cc.cccuevuievreesieseenresieereereesseesseens 11
2.0 SUPADASE ...eocevieeiieiieiieciee ettt ettt ettt e e b e be b e te e aaesnaeeebeenreenns 11

X1



2.7 Rule-BaSed CONFOL...........oooeeeeeeeeieeieeeeeeeeeeeeeeeeeeeeee e 12

2.7.1 Definisi Rule-Based CONtrol............ccooouvvieeieiieeiieneieeceeeeeeeeeenns 12
2.7.2 Aplikasi Rule-Based Control dalam sistem otomasi .............ccccueeueen. 13
2.7.3 Justifikasi pemilihan Rule-Based COntrol .............cccocoeveveevevvenneennnnn. 13
2.8  Sistem Control Nutrisi Hidroponik.............ccccoviiriiniiniieiiiieeee 13
2.8.1 Parameter kritis nutrisi hidroponik ...........coccoeeieiieiininneeeeee 13
2.8.2 INULTIST ettt ettt st 14
2.8.3  Parts Per Million(PPM) ......c.cooiiiiiiiiiiieie et 14
2.8.4  Automated dOSING SYSIEM .........c.ceceereieieeeieeeeeeeieesee e e eae e 15
2.9 Sensor dan Aktuator untuk Kontrol Nutrisi Otomatis ........c..ccceevereeeenne. 15
2.9.1  SenSOr PH ...ooiiiiiiii s 15
2.9.2 Sensor EC/TDS ..ottt 16
2.9.3  Sensor suhtu DSI8B20 ......cccooiiiviimiiniiieicicieiieeeeeneeeeeeeeeeeeaes 17
2.9.4 Peristaltic pump sebagai aktuator doSing.........ccecceeveerereeeeseeriieeeenne 18
2.10 Sawi Pagoda (BrasSiCa FAPQA) ........ceeeeeeeeeceeeiieiiesreesieeseesaeseseesseesseenseens 19
2.10.1 Karakteristik tanaman sawi pagoda .........c.cceeeeerierienireieeeeeeeene 19
2.10.2 Kebutuhan nutrisi dan lingkungan optimal..............cccceeviieiirnieennne. 19
2.11 Metrik Evaluasi Sistem Kontrol Hidroponik ...........cccccoeoeeiiniiinieiinnne. 20
2.11.1 Deteksi outlier dengan interquartile range (IQR) ........c.ccouvevveevenn... 20
2.11.2  Statistik desKriptif.........ccooeieiiierieiieciece e 20
2.11.3  Metrik akurasi KONtrol ........c..coccecuevinieiininiiniiieccccceecseee 21
2.11.4  Time-in-Range ARALYSIS ........cccueeoueeeeeieeieeeeeeeee et 21
2115 SELtliNG HINE ...oooeveeeieieiee ettt ete et ree s ste e enre e 21
2.11.6  SYSICH UDHITNE .....oveeeeeeeiee ettt eeeetee e e steeeere e saesseeeens 22
2.12 Analisis Pertumbuhan Tanaman ..........cccccceveeviininieneninicneneccnceeeene 22
2121 GFOWER FQLE ... 22
2.12.2  Analisis 1egresi INEAT ......cc.eevviiiieiieiieeeceecee e 22
2.12.3  Uji Statistik (T-teSt) .ecueeeeeeeieiiesieeieeie ettt 22
2.13 Studi Penelitian TerdahulU.........cc.cocoeviiiiiininiiiiiicceeceeeene 24
BAB IIIl METODOLOGI PENELITIAN ....c.ooiiiiiiiiiiniiineneeeceeeeeeeeeiee 26
3.1  Metode Pengumpulan Data...........ccoocveeviieiieiieiiiiiecieeeeeeeeee e 27
3,101 Studi PUSLAKA......veeieeiieiiecie et 27
3,12 WaWAaANCATA...c..eiuiiiiiiieiiiecieee et 27

Xii



31,3 ODSEIVAST coeeeeeeeeeeeee et e e e e e e e e e e e e e e e e e e e e eaeeeeeeeennennnns 27

3.2 Metode Pengembangan SiStem.........cccccueeevierierienieeiieieeieeeesee s 28
3.2.1 Analisis kebutuhan............ccccooeiiiiiiininii 28
3.2.2  Perancangan SiStCIM..........cccueveveeruiesieerieenieeseesreereereeseeseesseesseesssensnas 30
3.2.3 Pembuatan PrototiPe ......cecceeeieeciiesiieiierieeneeseesee e ereereesreesieeseeeeenas 38
3.2.4 EVvaluasi PrOtOtiPe ....cccverrieieeiieiiesieesieesieeeeesereeeeeeveereesseesseesseessneennas 39
3.2.5 Implementasi SIStEIM .....cceecueeruieriieiieeie ettt 41
3.2.6 Pengujian SISLEIM .....cecierierieeie ettt ettt 42

3.3  Metode Analisis Hasil AKNIT .......c.ccoviiininininiiiicccee 43
3.3.1  AKUISIST data c.oceeeniiiiieiicii e 43
3.3.2 Prosedur analisis data..........c.cceceeviririininieniniceccee e 44

BAB IV HASIL PENGUJIAN DAN PEMBAHASAN.....cccooitiireeieieeceeeen 49

A1 HASI e 49
4.1.1 Hasil pengumpulan data............ccceerieniiiiiiieee e 49
4.1.2 Hasil aKhiT.....ccoiiiiiiiiiiiiiiccceee e 49
4.1.3 Hasil implementasi SIStEM .........ccceereervercreecieerieereeseeeeeeeeeveereereenss 52
4.1.4 Hasil PeNngUIIan .........ccceeviieiieiieieeeesee et 75
4.1.5 Hasil analisis hasil akhir ..........ccccccooiiinininiiinicces 84

4.2 Pembahasan ..........cccoeviiiiiiiiiiii e 95
4.2.1 Pencapaian tujuan dan performa SiStem............cceeeeeeverereeesieneeneeneenne 95
4.2.2 Hubungan parameter dengan pertumbuhan tanaman..............c.ce...... 95
4.2.3 Kelebihan dan keterbatasan SiStem ...........ccccoveeveeeiriiniinenenenienienenes 95

BAB V PENUTUP ......ooiiiiiiiiiictenseeteeeetet ettt 97
5.1 KeSIMPUIAN ..ceviiiieiieciiece et re b e beebeesnees 97
5.2 SATAN c.eeiiiiiii et st 97

DAFTAR PUSTAKA ...ttt 98

Xiil



