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SISTEM MONITORING KELELAHAN MATA BERBASIS ESTIMASI 

JARAK PANDANG DAN ANALISIS KEDIPAN MATA MENGGUNAKAN 

MEDIAPIPE FACE MESH 

 

INDRIYANA NOVA TAHLIA 

 

 

ABSTRAK 

 

Penggunaan perangkat digital dalam waktu yang lama dapat meningkatkan risiko 

Computer vision Syndrome (CVS) yang dipengaruhi oleh jarak pandang yang tidak 

ergonomis dan penurunan frekuensi kedipan mata. Penelitian ini bertujuan 

mengembangkan sistem monitoring kelelahan mata berbasis Mediapipe Face Mesh 

menggunakan estimasi jarak pandang Inter-Pupillary Distance (IPD) dan analisis 

kedipan mata Eye Aspect Ratio (EAR) yang dioptimalkan dengan time-windowing. 

Pengembangan sistem dilakukan menggunakan Spiral Model, sedangkan evaluasi 

meliputi Mean Absolute Error (MAE), Confusion Matrix, dan Black Box Testing. 

Hasil penelitian menunjukkan bahwa sistem mampu mengestimasi jarak pandang 

dengan nilai MAE sebesar 0,34 cm serta mendeteksi kedipan mata dengan akurasi 

93%, sehingga mampu meningkatkan stabilitas deteksi dan mengurangi false 

positive. Selanjutnya, pengujian Black Box Testing menunjukkan bahwa setiap 

fungsi pada sistem dapat beroperasi sesuai dengan skenario yang telah dirancang. 

Berdasarkan hasil tersebut, sistem yang dikembangkan mampu melakukan 

monitoring kelelahan mata secara real-time dengan estimasi jarak yang akurat, 

deteksi kedipan yang stabil, dan fungsionalitas sistem yang baik. 

 

Kata kunci: Computer vision Syndrome, Mediapipe Face Mesh, Eye Aspect Ratio, 

Inter-Pupillary Distance, time-windowing.  
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EYE FATIGUE MONITORING SYSTEM BASED ON VIEWING DISTANCE 

ESTIMATION AND EYE BLINK ANALYSIS USING MEDIAPIPE FACE 

MESH 

 

INDRIYANA NOVA TAHLIA 

 

 

 

ABSTRACT 

 

Prolonged use of digital devices increases the risk of Computer vision Syndrome 

(CVS), which is influenced by non-ergonomic viewing distance and reduced blink 

frequency. This study aims to develop a real-time eye fatigue monitoring system 

based on Mediapipe Face Mesh by integrating Inter-Pupillary Distance (IPD) for 

viewing distance estimation and Eye Aspect Ratio (EAR) for blink detection, 

enhanced with a time-windowing approach. The system was developed using the 

Spiral Model and evaluated using Mean Absolute Error (MAE), Confusion Matrix, 

and Black Box Testing. The experimental results show that the proposed system 

achieved a Mean Absolute Error (MAE) of 0.34 cm for viewing distance estimation 

and a blink detection accuracy of 93%, demonstrating improved detection stability 

while reducing false positives. Furthermore, the Black Box Testing results indicated 

that all system functionalities operated as intended according to the predefined test 

scenarios. Overall, the proposed system is capable of performing real-time eye 

fatigue monitoring with accurate viewing distance estimation, stable blink 

detection, and reliable system functionality. 

 

Keywords: Computer vision Syndrome, Mediapipe Face Mesh, Eye Aspect Ratio, 

Inter-Pupillary Distance, Time-windowing. 

 

 

 

  

https://lib.mercubuana.ac.id



 

ix 

 

DAFTAR ISI 

 

HALAMAN SAMPUL ........................................................................................... 0 

HALAMAN JUDUL .............................................................................................. i 

HALAMAN PERNYATAAN KARYA SENDIRI ............................................. ii 

PERNYATAAN SIMILARITY CHECK .......................................................... iii 

HALAMAN PENGESAHAN .............................................................................. iv 

KATA PENGANTAR ............................................................................................ v 

HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI TUGAS AKHIR 

DI REPOSITORI UMB ....................................................................................... vi 

ABSTRAK ........................................................................................................... vii 

ABSTRACT ......................................................................................................... viii 

DAFTAR ISI ......................................................................................................... ix 

DAFTAR TABEL ................................................................................................ xi 

DAFTAR GAMBAR ........................................................................................... xii 

DAFTAR LAMPIRAN ...................................................................................... xiii 

BAB I PENDAHULUAN ....................................................................................... 1 

1.1 Latar Belakang ................................................................................................ 1 

1.2 Rumusan Masalah .......................................................................................... 3 

1.3 Tujuan Penelitian ............................................................................................ 3 

1.4 Manfaat Penelitian .......................................................................................... 3 

1.5 Batasan Masalah ............................................................................................. 5 

BAB II TINJAUAN PUSTAKA ........................................................................... 6 

2.1 Penelitian Terdahulu ....................................................................................... 6 

2.2 Gap Penelitian ................................................................................................ 8 

2.3 Teori Utama .................................................................................................... 9 

2.4 Teori Pendukung .......................................................................................... 12 

2.5 Kerangka Berpikir ........................................................................................ 18 

BAB III METODE PENELITIAN ..................................................................... 19 

3.1 Pendekatan Penelitian ................................................................................... 19 

3.2 Desain Penelitian .......................................................................................... 20 

3.3 Subjek Penelitian .......................................................................................... 22 

3.4 Instrumen Penelitian ..................................................................................... 23 

https://lib.mercubuana.ac.id



 

x 

 

3.5 Teknik Pengumpulan Data ........................................................................... 24 

3.6 Analisis Data ................................................................................................ 25 

3.7 Tahapan Penelitian ....................................................................................... 27 

BAB IV Hasil dan PEMBAHASAN ................................................................... 32 

4.1 Analisis Metode dan Implementasi Sistem .................................................. 32 

4.1.1 UML ...................................................................................................... 32 

4.1.2 Alur Sistem Monitoring Kelelahan Mata .............................................. 42 

4.1.3 Analisis Akuisisi Data Video ................................................................ 43 

4.1.4 Analisis Mediapipe Face Mesh ............................................................. 44 

4.1.5 Analisis Perhitungan Eye Aspect Ratio (EAR) ...................................... 48 

4.1.6 Analisis Time-windowing ...................................................................... 51 

4.1.8 Analisis Estimasi Jarak Pandang Berbasis IPD ..................................... 54 

4.1.9 Analisis Sistem Monitoring Kelelahan Mata ........................................ 57 

4.2 Evaluasi Sistem ............................................................................................ 61 

4.2.1 Evaluasi Akurasi Estimasi Jarak (MAE) ............................................... 62 

4.2.2 Pengujian Deteksi Kedipan Mata (Confusion Matrix) .......................... 63 

4.2.3 Evaluasi Fungsional Sistem Menggunakan Black Box Testing ............. 65 

4.2.4 Evaluasi Kelayakan Sistem Menggunakan User Acceptance Testing 

(UAT) ............................................................................................................. 68 

BAB V KESIMPULAN DAN SARAN ............................................................... 72 

5.1 Kesimpulan ................................................................................................... 72 

5.2 Saran ............................................................................................................. 72 

DAFTAR PUSTAKA ........................................................................................... 74 

LAMPIRAN .......................................................................................................... 77 

  

https://lib.mercubuana.ac.id



 

xi 

 

DAFTAR TABEL 

 

Tabel 2.1 Penelitian Terkait .................................................................................... 6 

Tabel 2.2  Use Case Diagram ............................................................................... 15 

Tabel 2.3 Activity Diagram ................................................................................... 16 

Tabel 2.4 Sequence Diagram ................................................................................ 17 

Tabel 3.1 Spesifikasi Perangkat Keras (Hardware) .............................................. 23 

Tabel 3.2 Spesifikasi Perangkat Lunak (Software) ............................................... 23 

Tabel 3.3 Rancangan Pengujian Black Box .......................................................... 29 

Tabel 3.4 Rancangan Pengujian Black Box Modul Monitoring ........................... 29 

Tabel 4.1 Activity Diagram Mengaktifkan Kamera ............................................. 33 

Tabel 4.2 Activity Diagram Monitoring Kelelahan Mata ..................................... 35 

Tabel 4.3 Activity Diagram Reset Monitoring ..................................................... 36 

Tabel 4.4 Activity Diagram Stop Monitoring ....................................................... 37 

Tabel 4.5 Rangkuman Implementasi Mediapipe Face Mesh ................................ 45 

Tabel 4.6 Perbandingan Validasi Kedipan Mata Sebelum dan Sesudah Time-

windowing ............................................................................................................. 54 

Tabel 4.7 Kondisi Monitoring Kelelahan Mata .................................................... 59 

Tabel 4.8 Hasil Evaluasi Akurasi Estimasi Jarak ................................................. 62 

Tabel 4.9 Hasil Evaluasi Deteksi Kedipan Mata .................................................. 63 

Tabel 4.10 Hasil Evaluasi Black Box Testing ....................................................... 65 

Tabel 4.11 Hasil Evaluasi Black Box Testing Modul Monitoring ........................ 66 

Tabel 4.12 Skala Penilaian Kuesioner User Acceptance Testing (UAT) ............. 68 

Tabel 4.13 Daftar Pertanyaan Kuesioner .............................................................. 69 

Tabel 4.14 Pengujian UAT Aplikasi ..................................................................... 70 

Tabel 4.15 Kategori Interpretasi Persentase Hasil Pengujian UAT ...................... 71 

 

 

 

 

 

 

  

https://lib.mercubuana.ac.id



 

xii 

 

DAFTAR GAMBAR 
 

Gambar 2.1 Face mesh detection .......................................................................... 10 

Gambar 2.2 Landmark Wajah ............................................................................... 14 

Gambar 2.3 Kerangka Berpikir ............................................................................. 18 

Gambar 3.1 Skema Model Spiral .......................................................................... 19 

Gambar 3.2 Skema Penelitian ............................................................................... 22 

Gambar 3.3 Alur Tahapan Penelitian .................................................................... 27 

Gambar 4.1 Use Case Monitoring Kelelahan Mata .............................................. 32 

Gambar 4.2 Activity Diagram Mengaktifkan Kamera .......................................... 33 

Gambar 4.3 Activity Monitoring Kelelahan Mata ................................................ 34 

Gambar 4.4 Activity Diagram Reset Monitoring.................................................. 36 

Gambar 4.5 Activity Diagram Stop Monitoring ................................................... 37 

Gambar 4.6 Sequence Diagram Mengaktifkan Kamera ....................................... 38 

Gambar 4.7 Sequence Diagram Monitoring Kelelahan Mata ............................... 39 

Gambar 4.8 Sequence Diagram Reset Monitoring ............................................... 40 

Gambar 4.9 Sequence Diagram Stop Monitoring ................................................. 41 

Gambar 4.10 Diagram Alur Monitoring Kelelahan Mata ..................................... 42 

Gambar 4.11 Tampilan Awal Sistem .................................................................... 44 

Gambar 4.12 Tampilan Monitoring Kelelahan Mata ............................................ 44 

Gambar 4.13 Hasil Deteksi 468 Landmark Wajah ............................................... 47 

Gambar 4.14 Hasil Landmark Mata ...................................................................... 48 

Gambar 4.15 Hasil Perhitungan Eye Aspect Ratio (EAR) .................................... 50 

Gambar 4.16 Hasil Estimasi Jarak Pandang ......................................................... 57 

Gambar 4.17 Peringatan Mata Lelah .................................................................... 59 

Gambar 4.18 Peringatan Risiko CVS ................................................................... 60 

Gambar 4.19 Tampilan Sistem Monitoring Kelelahan Mata ................................ 61 

 

  

https://lib.mercubuana.ac.id



 

xiii 

 

DAFTAR LAMPIRAN 

 

Lampiran 1. Bukti Foto Pengujian Black Box Testing .......................................... 77 

Lampiran 2. Link Dokumentasi Pengujian ........................................................... 82 

Lampiran 3. Pengujian Sistem Monitoring Kelelahan Mata................................. 83 

Lampiran 4. Kartu Asistensi ................................................................................. 84 

Lampiran 5. Curiculum Vitae ............................................................................... 85 

Lampiran 6. Surat Pernyataan & Pengalihan HAKI ............................................. 86 

Lampiran 7 Surat Keterangan Mengikuti BNSP................................................... 88 

 

 

https://lib.mercubuana.ac.id




