DAFTAR ISI

LEMBAR PENGESAHAN ..ottt il
LEMBAR PERNYAYAAN ORSINALITAS .....ooiiiiiieeeeieeeee e i
ABSTRAK ...ttt ettt ettt ettt et nneenaens iiiv
ABSTRACT ...ttt ettt et sttt sttt sae e b eanen v
KATA PENGANTAR ......ootieeeeee ettt et vi
UCAPAN TERIMA KASIH ....oouiiiiiiiiieeeeeeeetesteeee et vii
DAFTAR IS ..ottt et eneas iX
DAFTAR GAMBAR ...ttt Xi
DAFTAR TABEL.....ooiiiieiee ettt sttt xii
BAB 1 PENDAHULUAN ..ottt sttt 1
1.1 Latar Belakang Masalah ...........ccccoooiiiiiiiiiiie e, 1

1.2 Rumusan Masalah.........ccccoooiiiiiiiiiiniiieeeeeeeee e 3

1.3 Tujuan Penelitian ..........ccccoveeeiiieeiiie et 3

1.4 Manfaat Hasil Penelitian..........cccccoceveiiinioniininieceeeeceeeeee 3

1.5 Batasan masalah..........cccccoooiiiiiiiiiiii 4

1.6 Metode Penelitian ...........ccoecievieienieniieieeiesee e 4

1.7 Proyeksi Pengguna..........cccccoecuiiiiiiiiiiniiiieeetee e 5

BAB 2 TINJAUAN PUSTAKA ... oottt s 6
2.1 Kelelahan .......coooiiiiiiiiiee e 6

2.2 Deteksi Kelelahan..........cccooiiiiiiiiiiiniiceceeeee 7

2.2. 1 MICTOSICED .eeeuvieeniieiieeiteeie ettt ettt 8

222 MaAA i 8

2.2.3  Ear Aspect Ratio (EAR).....cccoiiviiiiiiiiiicceeceee 9

2.3 COMPULET VISION ...uviiieiiieeiiieeiiieeireeeireeeireeeereeeseeesseeesssneesnsneesseens 11

2.3.1 Face RECOZNItION ....eeeuvieniiiiiieiieeieeiie et 12

2.3.2 Face Landmarks Detection ............ccccceevieiiienieiniinicinienes 13

2.4 Machineg Learning..........cceeeieruireriienieeniieeieeiie st eiee e esieeereenseesaeaens 14

2.5 Deep LeaINING......cccviieiiieeiiieeiee ettt et 14

2.5.1 Convolutional Neural Network (CNN) .......cccceevveeevieeenieennee. 15

2.5.2 Model Evaluasi Cofusion MatriX.........ccccceveeriieenieniicaneennenne 16

2.6 ReEAI-HME.....eiiiiiiiiiiieiieece et 17

BAB 3 PERANCANGAN SISTEM .....ooiiiiiiieieeeeeee et 19

X



3.1 DESAIN SISTEITL .evevvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeaaeseeenenenenenennn 19

3.1.1 Diagram BloK........cooviieiiiiiiieeiieeeeeeeeee e 19

3.1.2  Fungsi dan Fitur.......ccocoooiiiiiiiiieieeeeeeee e 20

3.2 Desain Perangkat Keras.........ccccoooiieriiieiiiieeiiie e 22

3.2.1 Spesifikasi KOMPONEN........ccceeevieviireiiienieiiienieeiieeee e 23

3.3 Disain Perangkat Lunak............ccccoeeeviiieiiieeiie e 27

BAB 4 HASIL DAN ANALISIS ..ot 31
4.1 Pengujian WebcCam..........ccccvieeiiiiiiiieecieecee e 31

4.1.1 Skenario Pengujian..........ccccceeviieiiienieiiiienieeieeie e 31

4.1.2 0 HASIl oo e 32

4.1.3  ANALISIS teniiiieieeiee e 33

4.2 Penyimpanan data di Raspberry Pi........cccccoeeveiiiiiiieiiiieieeeeeee, 33

4.2.1 Skenario Penyimpanan ...........ccccoecceereeecieenveecieeneeereenieenneens 33

4.3 Pengujian Model di Laptop .....ccceeeeveeeiiieniieecieeeeee e 35

4.3.1 Skenario Pengujian..........cccccceeviieciierieeiiienieeieenie e 36

4.3.2 HaSIl.coiiieiiicee e 37

4.4 Pengujian Inte@rasi SIStEM .........ccceeeviieriieiiienieeieeeie e eiee e 39

4.4.1 Skenario Pengujuan ........c..ccoceeeriineiiiiniiinieneneneeeeee 40

4.4.2 Hasil Pengujian.........ccccoecvieiiienieeiiiecieeieeeee et 41

4.4.3  ANALISIS covviiiiiieeeiie e e 46

BAB 5 PENUTUP.....cotiiiiietetee ettt st s 48
5.1 KeSIMPUIAN ...oouiiiiiiiiieiieeieee et 48

5.2 SATAN .t 49
DAFTAR PUSTAKA ...ttt st 51
LAMPIRAN 1.ttt sttt sttt eae e 54
A. Lampiran Pengujian Webcam ...........ccooceeviiiiiiniiiniienieeeeeeeee e, 54

B. Kode Threshold EAR ......ccooiiiiiieeeeeeeee e 66
LAMPIRAN 2 ..ttt ettt sttt et sttt et st sae s 69
AL DALASEL ..o 69

B. Kode Training CNN .......cccoociiiiiiiiiieiieeieeree ettt 69

C. Kode Training CNN + EAR ......coooiiiiiiieeeeeeeeeeeeee e 75
LAMPIRAN 3.ttt sttt sttt st sttt st sbe s 82
C. Kode ImMplementasi ........cccueeerieeeriieeiireeieeeieeeteeeereeeereeesneeesnaeesneees 82



