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PENERAPAN OPTICAL MARK RECOGNITION (OMR) UNTUK
PENILAIAN KERTAS UJIAN PILIHAN GANDA OTOMATIS
MENGGUNAKAN CNN BUBBLENET

SEBASTIANUS LUKITO

ABSTRAK

Koreksi manual pada lembar jawaban ujian konvensional memakan waktu dan
rentan kesalahan manusia, sedangkan perangkat pemindai OMR komersial
memerlukan kertas khusus dan biaya yang relatif mahal. Penelitian ini bertujuan
merancang dan mengimplementasikan sistem Optical Mark Recognition (OMR)
otomatis berbasis integrasi computer vision dan deep learning yang akurat, cepat,
dan terjangkau menggunakan kamera standar pada kertas HVS biasa.

Sistem dibangun menggunakan Python, framework Flask, pustaka OpenCV, dan
PyTorch. Pipeline prapemrosesan citra meliputi normalisasi iluminasi
menggunakan koreksi Auto-Gamma, transformasi ruang warna LAB dengan
penerapan Contrast Limited Adaptive Histogram Equalization (CLAHE), dan
Unsharp Masking. Sistem melakukan penentuan orientasi lembar secara otomatis,
deteksi kontur area grid, dan koreksi perspektif menggunakan transformasi
homografi. Inovasi utama dalam penelitian ini adalah penggunaan arsitektur
Convolutional Neural Network (CNN) ringan bernama BubbleNet sebagai
pengambil keputusan utama pada tingkat sel, yang mengatasi kelemahan metode
konvensional berbasis pixel density. Sebagai cadangan kelayakan operasional
fallback, metode klasik dengan Otsu thresholding tetap disediakan.

Pengembangan model CNN BubbleNet melibatkan optimasi hyperparameter
menggunakan framework Optuna. Hasil pelatihan yang telah menangani
ketidakseimbangan kelas mencapai tingkat akurasi mutlak sebesar 100% pada data
validasi. Hasil studi ablasi membuktikan bahwa prapemrosesan Gaussian Blur dan
CLAHE sangat krusial dalam mereduksi noise frekuensi tinggi seperti tekstur kertas
dan bayangan iluminasi ekstrem. Evaluasi sistem end-to-end menunjukkan
robusitas yang sangat tinggi terhadap berbagai kondisi dunia nyata, termasuk
pencahayaan gelap, rotasi 90 derajat, distorsi perspektif, penanganan aturan
jawaban ganda, serta pengenalan variasi gaya pengisian. Kesimpulannya, sistem ini
menawarkan solusi OMR yang tangguh terhadap gangguan visual, sangat presisi,
dengan kebutuhan komputasi inferensi yang tetap ringan.

Kata kunci: Optical Mark Recognition, Computer Vision, Deep Learning, CNN
BubbleNet, Transformasi Homografi, CLAHE, Koreksi Auto-Gamma.
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IMPLEMENTATION OF OPTICAL MARK RECOGNITION (OMR) FOR
AUTOMATED MULTIPLE-CHOICE EXAM GRADING USING CNN
BUBBLENET

SEBASTIANUS LUKITO

ABSTRACT

Manual grading of conventional exam answer sheets is time-consuming and prone
to human error, whereas commercial OMR scanning devices require specialized
paper and are relatively expensive. This study aims to design and implement an
automated Optical Mark Recognition (OMR) system based on the integration of
computer vision and deep learning that is accurate, fast, and affordable, utilizing
standard cameras on regular paper.

The system was developed using Python, the Flask framework, OpenCV, and
PyTorch libraries. The image preprocessing pipeline includes illumination
normalization using Auto-Gamma correction, LAB color space transformation with
the application of Contrast Limited Adaptive Histogram Equalization (CLAHE),
and Unsharp Masking. The system performs automatic sheet orientation
estimation, grid area contour detection, and perspective correction using
homography transformation. The main innovation in this study is the utilization of
a lightweight Convolutional Neural Network (CNN) architecture named BubbleNet
as the primary decision-maker at the cell level, which overcomes the weaknesses of
conventional pixel density-based methods. As an operational fallback, a classical
method using Otsu thresholding is retained.

The development of the BubbleNet CNN model involved hyperparameter
optimization using the Optuna framework. The training results, which successfully
handled class imbalance, achieved an absolute accuracy rate of 100% on the
validation data. The ablation study results proved that Gaussian Blur and CLAHE
preprocessing are highly crucial in reducing high-frequency noise such as paper
texture and extreme illumination shadows. The end-to-end system evaluation
demonstrated exceptionally high robustness against various real-world conditions,
including low-light environments, 90-degree rotation, perspective distortion,
multiple-answer rule handling, and the recognition of various filling styles. In
conclusion, this system offers an OMR solution that is robust against visual
disturbances and highly precise, while maintaining lightweight inference
computational requirements.

Keywords: Optical Mark Recognition, Computer Vision, Deep Learning, CNN
BubbleNet, Homography Transformation, CLAHE, Auto-Gamma Correction
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