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Abstract: Optical Character Recognition (OCR) is a technology that transforms various document types—such as
scanned papers, PDFs, or photos taken with a digital camera—into editable and searchable data. It leverages
machine learning, image processing, and pattern recognition algorithms to interpret and extract text from visual
content. Over the years, OCR systems have evolved to handle various fonts, handwriting styles, and languages, offering high
accuracy in text recognition. Recent advancements in deep learning, especially convolutional neural networks (CNNs) and
recurrent neural networks (RNNs) have significantly improved the performance of OCR systems in terms of speed, accuracy,
and adaptability to diverse inputs. OCR has vast applications across industries, including digitization of historical documents,
automated data entry, license plate recognition, and assistive technologies for the visually impaired. Despite its progress,
challenges remain, such as recognizing distorted or handwritten text and processing documents with complex layouts or noisy
backgrounds. Research continues to address these limitations, improving robustness, accuracy, and real-time performance.
Keywords: Automatic grading, OCR, Artificial Intelligence, plagiarism detection, academic integrity, scalable
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I. Introduction
Educational institutions are facing rising student enrolment and assessment volumes, making traditional manual

grading increasingly unsustainable. This method requires substantial time and effort and is prone to human error,
inconsistency, and subjectivity, compromising fair and accurate evaluations. The need for plagiarism detection adds
complexity, often requiring separate tools that disrupt the grading workflow. These challenges are most pronounced during
peak periods like finals, underscoring the need for a streamlined, automated grading solution that integrates grading and
plagiarism detection in a single workflow. To meet these demands, the proposed Automatic Paper Checking System uses
OCR and Al to automate grading by reading, interpreting, and evaluating student responses. This system aims to enhance
efficiency, consistency, and fairness, providing educators with a faster, more objective assessment method. Integrated
plagiarism detection strengthens academic integrity by verifying originality continuously. This paper discusses the system's
architecture, technologies, and potential impact, highlighting its support for educators in delivering timely, impartial
feedback while upholding high academic standards.

II. Literature Review
A. R. Singh et al. in the paper A Survey of OCR Technology for Digitizing Historical Documents (2020) discuss

various OCR methods applied to historical document digitization. It categorizes modern approaches including machine
learning, deep learning, and hybrid models. The authors highlight the challenges faced when OCR is applied to old and
degraded documents, such as poor image quality, non-standard fonts, and noise. They recommend integrating deep learning
techniques, specifically convolutional neural networks (CNNs) and transformers, for better recognition accuracy in
historical text. [1]

X. Zhang et al. in the paper End-to-End Text Recognition Using Deep Learning: A Comprehensive Review (2021)
provides a thorough review of end-to-end deep learning models for text recognition in OCR systems. The authors examine
CNNs, recurrent neural networks (RNNs), and transformer-based architectures for both printed and handwritten text. Key
findings include the efficacy of Transformer-based models (like Vision Transformer) for OCR tasks, especially in multi-
lingual and complex scripts, while noting the higher computational cost compared to traditional CNN-based methods.[2]

J. R. Pereira et al. in the paper Multilingual OCR for Low-Resource Languages Using Transfer Learning (2022)
focuses on multilingual OCR, particularly for low-resource languages. The authors explore the use of transfer learning to
improve OCR performance in languages with limited labelled data. By fine-tuning pre-trained models on a smaller dataset,
they achieved significant improvements in OCR accuracy. They also investigate the use of synthetic data to augment training
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sets, demonstrating that transfer learning can help overcome the challenges posed by the scarcity of training data in low-
resource languages.[3]

M. T. Nguyen et al. in the paper Deep Learning for Handwritten Digit Recognition: A Comparative Study (2022)
review and benchmark several deep learning techniques for handwritten digit recognition, a key application in OCR. The
authors evaluate CNNs, RNNs, and attention-based models, testing them on the MNIST dataset and other handwritten
datasets. The findings reveal that CNNs outperform traditional methods in terms of accuracy, but RNNs with attention
mechanisms provide superior results in recognizing digits from more complex scripts and noisy backgrounds.[4]

H. K. Chan et al. in the paper A Novel OCR Framework for Real-World Scene Text Recognition (2023) present a
novel OCR framework designed to handle real-world scene text, focusing on text detection, localization, and recognition in
unconstrained environments. The authors propose an end-to-end deep learning system using a hybrid approach combining
CNNs for feature extraction and transformers for sequence recognition. Their model demonstrates improved accuracy in
recognizing distorted, rotated, and multi-lingual text in natural scene images, outperforming previous scene text recognition
systems.[5]

K.J. Thompson et al. in the paper OCR for Historical and Complex Handwritten Texts: A Deep Learning Approach
(2024) explores the application of deep learning techniques to OCR for historical and complex handwritten texts, which are
often challenging due to variable handwriting styles and noise. The authors present a multi-stage model combining CNNss,
LSTMs (Long Short-Term Memory networks), and attention mechanisms. The model achieves state-of-the-art performance
on historical handwriting datasets, particularly in cases where conventional OCR techniques struggle. The paper suggests
that hybrid models with a combination of feature extraction, sequence modelling, and contextual understanding are crucial
for improving OCR on difficult handwritten documents.[6]

III. Optical Character Recognition Architecture

1. OCR Algorithm:

Optical Character Recognition (OCR) is a technology that transforms various document types such as scanned papers, PDFs,
and digital camera images into editable and searchable data. OCR algorithms enable machines to recognize and interpret
characters from printed or handwritten text, facilitating automated data extraction and processing. While humans can easily
identify patterns, fonts, and styles, computers face a complex task: scanned documents become pixelated graphics files that
must be localized, detected, and recognized to convert visual information into text. Once converted into a machine-readable
format, this text can be analyzed for patterns, used to generate reports, create charts, and organized into spreadsheets,
supporting a wide range of applications. The text within an image file cannot be edited, searched, or counted using a text
editor. However, OCR can convert the image into a text file, saving its contents as editable text data.

Preprocessing

Image Acquisition Segmentation

Post-Processing Feature Extraction

Training a Neural Network

Figl. OCR Algorithm Flow
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OCR Algorithm Breakdown:

1. Image Acquisition
The initial step in OCR involves capturing an image of the document to be processed.
* Input Formats: JPEG, PNG, TIFF, or PDF.
* Image Quality: High-resolution images lead to improved OCR accuracy."
2. Preprocessing the Image
Preprocessing the image is essential to enhance OCR accuracy. Preprocessing steps include:
e  Grayscale Conversion: Convert the image from color or RGB format to grayscale to reduce complexity while
maintaining useful features.
® Noise Reduction: Use filters like Gaussian blur or median filtering to remove noise or distortions caused by
scanning or photography (e.g., shadows or specks).
e Binarization: Transform the grayscale image into a binary (black and white) image using methods like Otsu's
thresholding. This process simplifies the image by setting pixel values to O for black and 1 for white.
e Dilation and Erosion: Morphological operations like dilation (expanding the boundaries of objects) and
erosion (shrinking them) may be applied to smooth the image.
e De-skewing: Correct skewed images to ensure that the text is aligned horizontally or vertically by detecting
the skew angle and rotating the image.
e Normalization: Ensure consistent size and resolution for the characters to improve the uniformity of the text.
3. Segmentation
Segmentation is the process of breaking down the image into regions that are easier to process. This involves
identifying and isolating the regions of interest (text areas).
® Line Segmentation: Break the document into individual lines of text.
®  Word Segmentation: Further break the lines into individual words or blocks of text.
e  Character Segmentation: Isolate individual characters from words for recognition.
Segmentation is crucial in documents with complex layouts, such as tables, multi-column text, and forms.
4. Feature Extraction
Feature extraction is the process of identifying the important characteristics of the text or characters that are essential
for classification. In OCR, feature extraction helps the system recognize different fonts, sizes, and handwriting
styles.
e  Shape Descriptors: These may include the overall shape, number of strokes, angles, or curvature of characters.
e Pixel Intensity Patterns: Analyzing patterns of dark and light pixels to distinguish different characters.
e Edges and Contours: Detecting character outlines helps identify the structural properties of letters.
Some modern OCR systems use deep learning-based feature extraction, where convolutional neural networks
(CNNs) automatically learn features from data without manual specification.
5. Classification (Character Recognition)
Classification involves matching the extracted features with known patterns to identify characters. Two main
techniques can be used for this:
e  Template Matching: Predefined templates for each character are compared to the segmented characters in the
image. This works well for printed text but is less effective for handwritten or distorted text.
® Machine Learning-Based Classification: This involves training models such as Support Vector Machines
(SVM), Random Forests, or Neural Networks (e.g., Convolutional Neural Networks - CNNs) on labeled
datasets of characters. For handwritten text, Recurrent Neural Networks (RNN) or Long Short-Term Memory
(LSTM) models are commonly used because they can recognize characters in sequences (e.g., cursive writing).
6. Post-processing
Post-processing enhances and corrects the output generated by the OCR system. It involves several steps:
e  Error Correction: Use context-based algorithms to correct common OCR mistakes (e.g., confusing 'O" with '0'
or T with '1").
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e  Spell Checking: Use a dictionary or language model to detect and correct spelling mistakes in recognized
words. Probabilistic language models (like n-gram models) or more advanced models like BERT or GPT may
be used to predict the most likely word sequences.

e Reconstruction: If the original document contains complex layouts (e.g., columns, tables, forms), the
recognized text is formatted and restructured to maintain the original layout.

For example, the system may attempt to detect and reconstruct multi-column layouts, bulleted lists, or headings.

Text Output

The final step involves presenting the recognized text in a format that is both readable and editable. This can be in
various formats such as plain text, PDF, or Word documents. The output can also be indexed for searching in
document management systems.

e Storing in Databases: The recognized text can be stored for further analysis or retrieval.

Quality Assurance
In some OCR systems, manual review or verification might be included as a final step, especially for highly sensitive
or important documents. This allows human operators to review any errors made by the system and correct them.

IV. Advantages
Improved Efficiency and Speed: OCR significantly speeds up converting printed or handwritten text into

digital format. Manual data entry is time-consuming and prone to human errors, but OCR automates and
accelerates this process.

Cost-Effective: OCR can save businesses and individuals substantial labor costs by reducing the need for
manual transcription and data entry. It's more economical than hiring personnel for manual data extraction.
Searchable and Editable Data: Once text is digitized through OCR, it becomes easily searchable and editable.
Users can quickly locate specific information within large volumes of documents and make necessary
modifications to the text.

Space-Saving: OCR helps reduce the need for physical storage space by converting paper documents into
digital formats, which can be stored electronically with much smaller file sizes.

Multilingual Support: Modern OCR systems support multiple languages and can recognize various scripts,
making it easier to digitize documents in a variety of languages.

V. Disadvantages
Recognition Errors: OCR accuracy can be compromised when dealing with distorted, poorly printed, or

handwritten text. For example, fonts that are too stylized or poorly scanned documents can result in
misinterpretation of characters.

Complexity with Handwritten Text: Handwriting recognition remains a challenging task for OCR
algorithms, especially with cursive or irregular handwriting. While progress has been made, handwritten text
often requires more sophisticated models to achieve acceptable accuracy.

Dependency on Image Quality: OCR's effectiveness largely depends on the quality of the input image. Low-
resolution scans, blurred or skewed images, or uneven lighting conditions can result in reduced accuracy and
require manual corrections.

VI. Applications

Document Digitization: Converting physical documents, books, and printed materials into digital formats for
easy storage, sharing, and retrieval. This is particularly useful for libraries, government offices, and educational
institutions.

Text Recognition for Accessibility: OCR is used in assistive technologies to convert printed material into speech
or Braille for individuals with visual impairments, enabling them to access printed content in an accessible format.
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Banking and Financial Services: OCR is extensively used in the banking sector for processing checks,
passbooks, and other financial documents. It helps in automating tasks like check clearing, data entry for loan
applications, and document verification.

Text Extraction from Images: OCR can be applied to images that contain text, such as photos of street signs,
advertisements, or printed documents captured by cameras. This application is commonly used in mobile apps,
such as scanning business cards or extracting text from street view images for navigation systems.

Translation of Printed Text: OCR can be combined with machine translation systems to convert printed text in
one language into another. For example, scanned foreign-language documents can be digitized and translated into
the user’s preferred language.

Medical Records Management: OCR technology is used in healthcare to extract patient data from handwritten
or printed medical records, prescriptions, and forms. This helps reduce errors, improve efficiency, and ensure
compliance with medical regulations.

Advance automatic paper checking: OCR is used in automated paper-checking systems to convert handwritten
or printed student responses into digital text, enabling Al-driven grading and analysis. This enhances grading
efficiency by reducing manual labor and allows for more consistent, objective evaluation, supporting fairer
academic assessments.

VIIL Conclusion

Optical Character Recognition (OCR) algorithms convert text images such as scanned documents, PDFs, and
photos into searchable and editable digital data by recognizing pixel patterns and transforming them into machine-
readable text. This automated process boosts efficiency, accuracy, and data accessibility, reducing the need for
manual data entry. OCR is widely used in healthcare, finance, and legal sectors to organize data, create searchable
archives, and support automated reporting. With advancements enabling the recognition of varied fonts, complex
layouts, multiple languages, and handwritten text, OCR is an essential tool for digital transformation, making
information more accessible and manageable across industries.
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