DAFTAR ISI

LEMBAR PERSETUJUAN ..o Error! Bookmark not defined.
LEMBAR PENGESAHAN .......ccoiiiiiiiiiic Error! Bookmark not defined.
LEMBAR PERNYATAAN .....cccooiiiicc Error! Bookmark not defined.
KATA PENGANTAR ...t Error! Bookmark not defined.
ABSTRAK ..o Error! Bookmark not defined.
ABSTRACT ..o Error! Bookmark not defined.
DAFTAR ISL.. et nreas vii
DAFTAR TABEL ...t X
DAFTAR GAMBAR ... e Xi
DAFTAR LAMPIRAN ... Xiii
BAB | PENDAHULUAN......ccooiiiiiecincs Error! Bookmark not defined.
1.1 Latar Belakang ........cccccovvvveiveieiiciieee Error! Bookmark not defined.
1.2 Rumusan Masalah .........ccccocoeniinincinnn. Error! Bookmark not defined.
1.3 Tujuan Penelitian ..............ccoeveiiiviiinenenne. Error! Bookmark not defined.
1.4 Manfaat ........ccoooveiiiiiies e Error! Bookmark not defined.
BAB Il TINJAUAN PUSTAKA.......coo i Error! Bookmark not defined.
2.1 Hangeul dan Karakteristik Wongoiji........... Error! Bookmark not defined.
2.2 Test of Proficiency in Korean..................... Error! Bookmark not defined.
2.3 Kecerdasan Buatan...........c.ccoccovveinnnnnenn Error! Bookmark not defined.
2.4 Deep Learning.......cccceeevenenenenieseseneenns Error! Bookmark not defined.
2.5 Computer ViSION.......cccovvevenciineiiseeenes Error! Bookmark not defined.
2.6 Pengolahan Citra Digital ............ccccoeevenenn Error! Bookmark not defined.
2.7 Segmentasi Citra WoNngoji.......ccccceevvvrvennnn Error! Bookmark not defined.
2.8 Handwritten Text Recognition (HTR)........ Error! Bookmark not defined.
2.9 Convolutional Neural Network (CNN) ...... Error! Bookmark not defined.

vii



2.10 Komputasi Kuantum ...........c.ccceeveveiinennnnn Error! Bookmark not defined.
2.11 Quantum Machine Learning (QML)........ Error! Bookmark not defined.

2.12 Arsitektur Hybrid QCNN-ResNet-18 ......Error! Bookmark not defined.

2.13 Metrik Evaluasi Klasifikasi...................... Error! Bookmark not defined.
2.13.1 Confusion MatriX .........ccccoeevrvrerennenn Error! Bookmark not defined.
2.13.2 ACCUFACY.....ceeivreieciecteeiie e Error! Bookmark not defined.
2.13.3 PreCision ......cccccveveieiineniincies Error! Bookmark not defined.
2.13.4Recall ... Error! Bookmark not defined.
2.13.5 F1-SCOM€.....cceeviiiiiiiiicicc e Error! Bookmark not defined.
2.13.6 Character Error Rate (CER) .............. Error! Bookmark not defined.

2.14 Kerangka Kerja Web Django ................... Error! Bookmark not defined.

2.14.1 Arsitektur MVT dan Intergrasi PythonError! Bookmark not defined.

2.14.2 Fungsi Dasbor Digitalisasi Wongoji ...Error! Bookmark not defined.

2.15 Penelitian Terkait ...........ccocooeiiiiniinennen, Error! Bookmark not defined.
BAB 11l METODE PENELITIAN ..o Error! Bookmark not defined.
3.1 Objek Penelitian ..........ccccccoveiieiiniieiiiennnn Error! Bookmark not defined.
3.1.1 Alat dan Bahan Penelitian..................... Error! Bookmark not defined.
3.1.2 Jadwal Penelitian............ccocoovvvivinennnn, Error! Bookmark not defined.

3.2 Prosedur Penelitian...........cccoeviiiinnnnnnn. Error! Bookmark not defined.
3.2.1 Persiapan Data Primer (Alur 1)............. Error! Bookmark not defined.

3.2.2 Persiapan Data Sekunder (Alur 2) ........ Error! Bookmark not defined.

3.2.3 Penggabungan dan Preprocessing Dataset Latih (Alur 3) ........... Error!

Bookmark not defined.

3.2.4 Pengembangan, Pelatihan, dan Evaluasi Model Hibrida (Alur 4) Error!

Bookmark not defined.

3.2.5 Implementasi dan Pengujian Sistem (Alur 5)Error! Bookmark not
defined.

viii



BAB IV HASIL DAN PEMBAHASAN ................. Error! Bookmark not defined.
4.1 Pengumpulan dan Pemrosesan Data .......... Error! Bookmark not defined.
4.1.1 Akuisisi dan Segmentasi Data Primer...Error! Bookmark not defined.

4.1.2 Akuisisi dan Penstrukturan Label Data SekunderError! Bookmark not
defined.

4.1.3 Konstruksi dan Pra-Pemrosesan Data GabunganError! Bookmark not
defined.

4.2 Pelatihan Model Hybrid QCNN-ResNet-18Error! Bookmark not defined.
4.2.1 Ekstrasi Fitur Klasik (ResNet-18)......... Error! Bookmark not defined.

4.2.2 Pemrosesan Classifier Kuantum (QCNN)Error! Bookmark  not
defined.

4.3 Hasil Validasi Model llmiah ..................... Error! Bookmark not defined.
4.3.1 Analisis Metrik Kinerja Agregat GlobalError! Bookmark not defined.

4.3.2 Analisis Degenerasi Resolusi Pada Kelas KritisError! Bookmark not
defined.

4.4 Hasil Implementasi dan Pengujian Sistem End-to-EndError! Bookmark

not defined.
4.4.1 Integrasi Dasbor Web Berbasis Django Error! Bookmark not defined.

4.4.2 Restorasi Morfologi dan Penanganan Eksepsi Multi-Karakter..... Error!

Bookmark not defined.
4.4.3 Hasil Pengujian Fungsional .................. Error! Bookmark not defined.

4.4.4 Evaluasi Kinerja Sistem berbasis Character Error Rate (CER)... Error!

Bookmark not defined.

BAB V KESIMPULAN DAN SARAN .......cccccvevne. Error! Bookmark not defined.
5.1 Kesimpulan........ccccceooevvevviieiieseee e Error! Bookmark not defined.
5.2 SArAN.....coiiiiiiiiiee e Error! Bookmark not defined.

DAFTAR PUSTAKA ..o Error! Bookmark not defined.



LAMPIRAN ..., Error! Bookmark not defined.

RIWAYAT PENULIS.......oco e Error! Bookmark not defined.



DAFTAR TABEL

Tabel 2.1 Struktur Konseptual Confusion Matrix (Kasus Biner)......... Error!

Bookmark not defined.

Tabel 2.2 Penelitian Terkait.............c..coc...... Error! Bookmark not defined.
Tabel 3.1 Jadwal Penelitian............cc.ccoovenee. Error! Bookmark not defined.
Tabel 4.1 Evaluasi Kinerja Model Hibrida QCNN-ResNet-
18 Error! Bookmark not defined.

Tabel 4.2 Laporan Kemerosotan Sensitivitas Metrik Precision pada Anakan
Kelas Kritis Resolusi Rendah ..............c........ Error! Bookmark not defined.
Tabel 4.3 Matriks Keputusan Logika Splitter Bersyarat pada Pengujian
Inferensi AKNIr ..o Error! Bookmark not defined.
Tabel 4.4 Cuplikan Sampel Evaluasi Skalar Character Error Rate Uji Dasbor

....................................................................... Error! Bookmark not defined.

Xi



DAFTAR GAMBAR

Gambar 2.1 Diagram Alur Segmentasi Citra WongojiError! Bookmark not
defined.

Gambar 2.2 Arsitektur Umum Pipeline HTRError! Bookmark not defined.

Gambar 2.3 Arsitektur Hibrida QCNN-ResNet-18Error! Bookmark not
defined.

Gambar 3.1 Alur 1 — Persiapan Data
e ] 01 S Error! Bookmark not defined.

Gambar 3.2 Alur 2 — Persiapan Data SekunderError!  Bookmark  not
defined.

Gambar 3.3 Alur 3 — Konstruksi Data Latih.Error! Bookmark not defined.

Gambar 3.4 Alur 4 — Pelatihan dan Evaluasi Model Hybrid................ Error!
Bookmark not defined.

Gambar 3.5 Alur 5 — Implementasi & Pengujian SistemError! Bookmark
not defined.

Gambar 3.6 Format Lembar Wongoji StandarError! Bookmark not
defined.

Gambar 3.7 Sampel Dataset Sekunder ......... Error! Bookmark not defined.
Gambar 4.1 Citra Digital Lembar Jawaban
ATAY T4 Lo o) | Error! Bookmark not defined.

Gambar 4.2 Transformasi Fase Arsitektur Segmentasi Otomatis dari (a)
Gambar Original, (b) Pemetaan Deteksi Grid Wongoji, hingga (c) Resolusi
Fitur Karakter Hasil Ekstraksi.............cc....... Error! Bookmark not defined.
Gambar 4.3 Visualisasi Sampel Batch Gabungan Karakter Hangeul dan Digit
Numerik Setelah Inversi Warna (32 X 32 px)Error! Bookmark not
defined.

Gambar 4.4 Diagram Alur Ekstraksi Fitur Klasik ResNet-18 .............. Error!
Bookmark not defined.

Gambar 4.5 Visualisasi Representasi Vektor 256 Fitur Klasik Keluaran
RESNEL-18....ccoiiiiiiieieiee e Error! Bookmark not defined.

Xii



Gambar 4.6 Diagram Alur Pemrosesan Sirkuit Kuantum QCNN dari Vektor
256 Fitur Klasik Menuju Klasifikasi Probabilitas 74 Kelas Karakter .. Error!
Bookmark not defined.

Gambar 4.7 Visualisasi Nilai Ekspektasi Pengukuran Pauli-Z pada 8 Qubit
....................................................................... Error! Bookmark not defined.
Gambar 4.8 Grafik Parameter Fungsi Epoch Terhadap Tingkat Akurasi dan
LLOSS .ttt Error! Bookmark not defined.
Gambar 4.9 Confusion MatriX .............cc....... Error! Bookmark not defined.
Gambar 4.10 Komparasi Visual Degenerasi Resolusi Pada Pasangan Kelas
Kritis Di Dimensi 32x32 Piksel .................... Error! Bookmark not defined.
Gambar 4.11 Visualisasi Antarmuka Pengguna Berbasis Kerangka Kerja
DJANGO0 .. Error! Bookmark not defined.
Gambar 4.12 Komparasi (a) Ground Truth Citra Wongoji Terhadap (b)
Luaran Teks Antarmuka Web ....................... Error! Bookmark not defined.
Gambar 4.13 Demonstrasi Keberhasilan Inferensi Fungsional End-to-End
....................................................................... Error! Bookmark not defined.
Gambar 4.14 Komparasi Visual Kualitas Pindaian Dokumen Uji: (A) P16-
No.1 Dengan Kinerja Rekognisi Terbaik, Dan (B) P09-No.1 Dengan Kinerja

Rekognisi TerburuK..........cccooeviiiiininciinnn, Error! Bookmark not defined.

Xiii



DAFTAR LAMPIRAN

Lampiran 1. Lembar Bimbingan Tugas AkhirError! Bookmark not
defined.

Lampiran 2. TUrnitin........c.coocovenennnieieene Error! Bookmark not defined.

Lampiran 3. Tampilan WeDb...........cc.cceevenen. Error! Bookmark not defined.

Lampiran 4. Persetujuan Partisipan.............. Error! Bookmark not defined.

Lampiran 5. Daftar Lengkap Partisipan ....... Error! Bookmark not defined.
Lampiran 6. Daftar Lengkap Hasil CER 90 DokumenError! Bookmark not
defined.

Xiv



