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ABSTRACT: Manual verification of supporting documents, such as educational certificates, marksheets, and caste
or Pw D certificates, is a time-consuming and error-prone process in recruitment systems. Variations in document for-
mats and languages further complicate the validation process, leading to inefficiencies and potential discrepancies. To
address these challenges, this paper presents Extraction and Verification of Information from Semi-Categorized Data,
an automated framework that utilizes Optical Character Recognition (OCR) to extract key information and validate it
against manually entered data. By providing real-time alerts for inconsistencies, the system enables applicants to rectify
errors at the submission stage, ensuring data accuracy and reducing administrative workload. The proposed solution
enhances the efficiency and reliability of document verification, streamlining recruitment workflows and minimizing
human intervention.

KEYWORDS: Optical Character Recognition (OCR), Document Verification, Automated Data Extraction, Re-
cruitment Process Automation, Semi-Categorized Data, Real-Time Discrepancy Detection, Information Validation,
Text Extraction and Matching, Digital Document Processing, Error Reduction in Document Verification.

L. INTRODUCTION

The rapid digital transformation across industries has led to an exponential increase in the volume of digital documents.
Many organizations, especially those involved in recruitment and education, handle vast amounts of applicant data in
the form of digital certificates, mark sheets, and identity documents. The manual verification of these documents is
both time-consuming and prone to human errors. To address this challenge, our project, "Extraction and Verification of
Information from Semi-Categorized Data," focuses on automating the verification process using Optical Character
Recognition (OCR) technology. This project is designed to improve the efficiency and accuracy of document validation
by extracting relevant information from uploaded documents and cross-verifying it against manually entered data.

Traditional document verification systems rely heavily on human intervention, making them inefficient and susceptible
to inconsistencies. Furthermore, recruitment processes often involve candidates submitting documents in various for-
mats, such as scanned PDFs and images, which may have diverse layouts and structures. The presence of semi-
categorized data—where information is neither completely unstructured nor strictly formatted—adds an additional
layer of complexity to the verification process. Our project aims to bridge this gap by implementing an OCR-based
solution that extracts textual information from documents, standardizes it, and validates its accuracy in real time.

Previous research in the field of data extraction and verification has primarily focused on structured and semi-
structured web data. Kadam and Pakle [1] proposed a method using the DOM tree and selectors for data extraction,
while Sehgal and Anuradha [2] introduced HWPDE, a novel approach for structured web page data extraction. Similar-
ly, Niranjana and Vidhya [3] focused on automatic data extraction from XML webpages. These studies align with the
challenges our project aims to address by offering structured methodologies for data extraction.

Entity recognition and validation are also crucial in document verification. Liu et al. [4] demonstrated how mining data
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records in web pages can enhance data extraction efficiency. Additionally, Choudhary et al. [5] introduced figure
metadata extraction from digital documents, which is relevant to handling semi-categorized data. Techniques proposed
by Bhardwaj and Mangat [6] for content extraction from web pages provide valuable insights into improving OCR-
based document verification systems.

II. LITERATURE REVIEW

2.1 Related Work

Numerous studies have been conducted to extract information from structured and semi-structured web pages. One
approach utilized the DOM tree and selectors to extract data elements efficiently [1]. Another technique employed a
novel method for data extraction from structured web pages using heuristics and pattern matching [2]. Hidden web
databases have also been explored, where an innovative method was introduced to extract information that is not direct-
ly accessible through traditional search engines [3]. Additionally, automated techniques were developed to extract data
from heterogeneous web pages, focusing on minimizing manual intervention [4].

2.2 Algorithmic Approaches

Different algorithmic techniques have been proposed for data extraction. Some researchers have focused on using
XML-based parsing methods for automatic data extraction from XML web pages [5]. A structural semantic entropy-
based approach was designed to identify tags and values for automatic data extraction [6]. Another significant contribu-
tion involves mining data records from web pages, where an algorithm was formulated to extract and structure infor-
mation based on repeated patterns in the HTML code [7]. Additionally, machine learning techniques have been em-
ployed to identify and extract metadata from digital documents, enhancing the accuracy of extracted data [8].

2.3 Datasets and Applications

Several datasets have been utilized in the development and evaluation of data extraction techniques. Benchmark da-
tasets containing structured and semi-structured web pages have been widely used to validate different extraction mod-
els. Some approaches have been applied in real-world applications, such as automated web scraping for business intel-
ligence, search engine optimization, and digital document analysis [9]. Moreover, specific content extraction techniques
have been employed to improve information retrieval from web pages for academic and industrial purposes [10].

2.4 Performance Metrics

To evaluate the effectiveness of data extraction methods, various performance metrics have been adopted. Precision,
recall, and F1-score are commonly used to measure the accuracy of extracted data. Computational efficiency is another
crucial metric, determining the speed and scalability of an approach when handling large datasets. Some studies have
also considered structural similarity measures to assess how well the extracted data preserves the original web page
structure [6,7].

2.5 Research Gap

While existing techniques offer significant advancements in data extraction, several challenges remain unaddressed.
Many approaches rely on predefined rules or heuristics, which can be brittle when applied to diverse web structures.
The adaptability of current methods to dynamic and frequently changing web pages remains limited. Additionally, there
is a need for more robust techniques that can handle noisy and unstructured data more effectively. Future research
should focus on leveraging deep learning and natural language processing (NLP) techniques to enhance the automation
and accuracy of data extraction processes.

1. METHODOLOGY

The proposed methodology utilizes an Optical Character Recognition (OCR) model to extract and verify information
from semi-structured data sources. The process begins with preprocessing, where the input documents undergo noise
reduction, binarization, and segmentation to enhance OCR accuracy. The OCR model then extracts text from these
documents, converting scanned images into machine-readable text. Post-processing techniques, such as spell correction
and format validation, refine the extracted data. Finally, the extracted text is compared against manually entered data
using string similarity algorithms and rule-based verification methods to ensure accuracy and consistency. This ap-
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proach enables efficient data extraction and validation, reducing manual effort and errors in handling semi-structured
documents.

3.1 Existing Algorithm

Several methodologies have been explored for data extraction and verification from semi-structured documents. One
approach utilizes tag and value similarity techniques based on structural-semantic entropy to enhance data identifica-
tion and extraction accuracy [6].

For XML-based documents, an automated extraction framework has been proposed, using structural similarity and
entropy-based analysis to improve accuracy in retrieving relevant content [5]. Additionally, researchers have explored
metadata extraction techniques for structured digital documents, incorporating machine learning models to enhance
content classification and verification [8].

In the field of semi-structured data extraction, previous studies have applied data mining approaches to extract mean-
ingful information from document databases [7]. The integration of text segmentation and rule-based extraction tech-
niques has further refined the accuracy of content retrieval from complex document layouts [3]. Furthermore, several
works have focused on improving performance metrics such as precision and recall for content extraction using hybrid
approaches that combine syntactic and semantic analysis [9][10].

These existing methodologies provide a strong foundation for automated data extraction but often face challenges when
applied to semi-structured documents. The integration of OCR models for extracting information from scanned docu-
ments remains an area requiring further enhancement to improve accuracy and reduce manual validation efforts.

3.2 Proposed Algorithm

The proposed system is designed to extract and verify information from semi-structured documents using an OCR-
based approach. Unlike conventional methods that rely on predefined templates or structural analysis, this system lev-
erages Optical Character Recognition (OCR) to extract text from scanned or digital documents and validate it against
manually entered data. The OCR model processes semi-structured documents by converting printed or handwritten text
into a machine-readable format, followed by preprocessing techniques such as noise reduction, binarization, and char-
acter segmentation to enhance accuracy. The extracted text is then compared with manually entered data using string-
matching algorithms to detect discrepancies. To ensure accuracy, the system automatically identifies inconsistencies
and highlights mismatches, providing context-based suggestions for possible corrections. Additionally, the system is
optimized to support various document formats, including PDFs and scanned images, integrating advanced techniques
like Named Entity Recognition (NER) and contextual keyword analysis to improve the precision of field identification.
By adopting this approach, the proposed system enhances data validation efficiency, reduces manual effort, and im-
proves the reliability of extracted information from semi-structured documents.

Text lickati 9 Contextual
Preprocessing Matching Inconsistencies Suggestions
Algorthrms

Keyword
Analysis

=

Final

Enhanced
Document

Images

Fig.1 System Architecture
The architecture of the OCR-based information extraction and verification system follows a structured workflow to

enhance data accuracy and reliability. The process begins with input acquisition, where documents in various formats,
such as Word files, PDFs, and images, are processed. OCR technology extracts text from these documents, followed by
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preprocessing steps like noise removal and segmentation to refine the extracted content. The text is then validated
through string-matching algorithms to ensure consistency with manually entered data. Any discrepancies identified
during validation are flagged, and contextual suggestions are provided for correction. To optimize accuracy, the system
incorporates Named Entity Recognition (NER) and keyword analysis, ensuring meaningful extraction of relevant in-
formation. The final output is a structured and verified document, reducing manual efforts and improving data pro-
cessing efficiency.

3.2.1 ORC Architecture

The Optical Character Recognition (OCR) architecture is structured as a sequential process that converts printed or
handwritten content into a machine-readable format. It begins with preprocessing techniques such as noise reduction,
binarization, and skew correction to enhance text clarity. Following this, the text detection stage identifies relevant
sections containing text, while character segmentation isolates individual characters for improved recognition accuracy.
Feature extraction methods analyse shapes and patterns, enabling the recognition system, often powered by deep learn-
ing or machine learning algorithms, to classify characters effectively. Post-processing techniques further refine the
extracted text by applying corrections and formatting it for better readability. In this project, the OCR model is funda-
mental in extracting textual data from semi-structured documents, including scanned images, PDFs, and handwritten
records. Once extracted, the text undergoes verification through string-matching techniques, comparing it with manual-
ly entered data to detect inconsistencies. Additionally, the system enhances accuracy by incorporating Named Entity
Recognition (NER) and keyword analysis, which help in identifying relevant content and improving validation. The
integration of OCR technology in this project significantly streamlines data extraction and verification, minimizing
human intervention while ensuring reliability and efficiency in processing semi-structured documents.

3.2.2. Fine-Tuning and Transfer Learning

Transfer learning is a technique where a pre-trained model is adapted to a new task by fine-tuning its weights on a
smaller dataset. Transfer learning allows the utilization of pre-trained OCR models that have already been trained on
large datasets containing various text styles, fonts, and formats. Instead of developing a model from the ground up, an
existing model is modified to identify text in semi-structured documents by adjusting certain layers. Fine-tuning further
improves performance by training the model on a smaller, domain-specific dataset, enhancing its ability to recognize
both printed and handwritten text, even in cases where noise or distortions are present. This process involves keeping
the initial layers unchanged to preserve basic text recognition skills while refining the later layers to adapt to document-
specific characteristics. As a result, the fine-tuned model increases the accuracy of text extraction and error detection by
learning to distinguish characters that may otherwise be misinterpreted due to variations in handwriting or document
quality. This approach optimizes the system’s ability to process semi-structured documents effectively, leading to more
precise and reliable information extraction and verification.

3.2.3. Mixed Precision Training

To further enhance the performance of the algorithm, mixed precision training is employed. This technique uses 16-bit
floating-point numbers (float16) for certain computations, which reduces memory usage and speeds up training without
sacrificing accuracy. Mixed precision training is particularly beneficial when training on GPUs, as it allows for larger
batch sizes and faster computations.

The mixed precision training process can be summarized by the following formula:

Forward Pass with Lower Precision:
During the forward pass, the OCR model processes the input image x and generates predicted text  using 16-bit pre-
cision weights 6,4

Y= f(x6) eq (1)

Where:
e  x is the input document image.
e O ¢represents the model parameters in 16-bit precision (FP16).
e f(x;0;6) is the OCR model, typically composed of CNNs for feature extraction and RNNs/transformers for
sequence prediction.
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e ¥ is the predicted text output.

CTC Loss Computation in FP16:
OCR models often use Connectionist Temporal Classification (CTC) Loss to align predictions with ground truth text.
The loss function is computed in FP16

L= =YP(z|x; 6:6) eq (2)

Where:
e [ isthe CTC loss computed in 16-bit precision.
o P(z|x; 0,4) is the probability of the correct text sequence given the input.

Gradient Computation in FP16:
The gradients are computed using 16-bit floating point precision:

oL
Voo = 6. &q (3)

Weight Update with FP32 Master Weights:
The model updates its parameters using 32-bit precision weights ensuring stable weight updates:

03, = 03, —1.V044 eq (4)
Where:

e  0O;,represents the 32-bit weights used for the weight update.
e 7 is the learning rate.
e V0,4 is the gradient computed in FP16.

3.2.4. Model Evaluation

Model evaluation for this project involves assessing the accuracy and efficiency of the OCR system in extracting and
verifying text from semi-structured documents. The primary metric used is OCR Accuracy, which measures the per-
centage of correctly recognized characters compared to the total characters in the ground truth. Additionally, Character
Error Rate (CER) and Word Error Rate (WER) are used to analyse the system's performance by identifying misrecog-
nized characters and words. The system is tested on diverse document formats, including scanned images and PDFs, to
evaluate its robustness against variations in font styles, handwriting, and noise. Error analysis helps in fine-tuning the
model by identifying frequent misclassifications and refining the preprocessing and recognition steps. The evaluation
also considers the processing speed and verification accuracy, ensuring that the extracted text aligns correctly with
manually entered data. By optimizing these metrics, the system enhances its reliability in extracting and validating
information from semi-structured documents efficiently.

Correctly Recognized Characters

Accuracy = x 100

Total Charecters

3.3 Data Processing

3.3.1. Dataset Description:

The dataset for this project includes semi-structured documents like Aadhaar cards, PAN cards, scorecards, and other
official documents containing printed and handwritten text. They are of varied formats, resolution, font sizes, and
background noise, hence making OCR-based text extraction tricky. The images in the dataset are of different file for-
mats like JPEG, PNG, and PDF with varying light conditions, alignment of text, and orientation of documents. Certain
documents can have faded ink, stamps, signatures, or overlapping text and hence need strong preprocessing methods to
make them readable. Every document in the dataset is annotated with matching ground truth text so that the OCR mod-
el can be trained and tested effectively. Since these documents happen to be sensitive, data security and privacy con-
trols like encryption and access control are enforced to meet regulatory requirements
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Table 3.3.1 Dataset

Dataset Images Documents Total
Training 950 790 1740
Validation 640 420 1080
Test 170 155 325

3.3.2. Data Augmentation and Preprocessing
Data Augmentation:
Since the dataset consists of various types of semi-categorized documents, including images (JPG, PNG, TIFF) and
text-based files (PDF, Word, Excel), data augmentation is crucial for improving the OCR model’s robustness. Augmen-
tation techniques help the model handle real-world variations such as noise, distortions, and different font styles. The
following augmentation strategies are applied:
e Geometric Transformations: Random rotations, scaling, and translations are applied to simulate real-world
document misalignment.
e Brightness and Contrast Adjustments: Variations in lighting conditions are simulated by modifying brightness
and contrast levels in images.
e Noise Injection: Gaussian and salt-and-pepper noise are added to replicate low-quality scans or poor image
resolution.
e Blur Effects: Motion blur and Gaussian blur are introduced to mimic document images captured with shaky
hands or low-quality cameras.
e Text Distortion: Slight warping of text is performed to account for different printing styles and handwritten
variations.
These augmentation techniques ensure that the OCR model learns to extract text accurately, even from noisy or poorly
scanned documents.

Data Preprocessing:
Preprocessing is an essential step before feeding data into the OCR model. It ensures that documents are standardized
and optimized for text recognition. Key preprocessing steps include:

e Image Binarization: Converts grayscale images to black and white using adaptive thresholding to enhance text
visibility.
e Resizing and Cropping: Ensures that all images are of uniform size to match the input dimensions expected by
the model.
e Denoising: Techniques like median filtering and morphological operations are applied to remove unwanted ar-
tifacts from scanned images.
o Skew Correction: Documents with tilted text are aligned properly using Hough Transform-based deskewing
techniques.
o  Text Segmentation: The document is divided into individual text regions, ensuring better recognition of multi-
column or structured documents.
e  Optical Character Enhancement: Enhancements such as contrast sharpening and edge detection are applied to
improve character visibility.
By implementing these augmentation and preprocessing steps, the OCR model achieves higher accuracy in text extrac-
tion and verification, making it more reliable for processing semi-categorized documents.

3.3.3 Data Loading and Batching

Efficient data loading and batching are crucial for training and evaluating the OCR model, particularly when handling a
large dataset of semi-categorized documents in formats like JPG, PNG, PDF, Word, and Excel. The data pipeline en-
sures structured loading by handling different file types appropriately—images are processed, while text-based docu-
ments are converted to images for uniform processing. To optimize performance, multi-threaded data loaders and cloud
storage solutions are used for efficient access. During loading, preprocessing steps like resizing, noise removal, and
binarization are applied dynamically. Batching is implemented to improve training performance, with dynamic batch
sizing based on document resolution, padding for uniform input sizes, and normalization of pixel values. Shuffling and
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real-time augmentation techniques, such as random rotations and brightness adjustments, help prevent model overfit-
ting. Additionally, efficient data processing techniques ensure seamless integration with the training framework, ena-
bling faster and more effective training of the OCR model for large-scale semi-categorized document processing.

IV.RESULTS AND INTERPRETATIONS
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4.1 Output Graphs and Visualizations

To track the model's performance during training, the accuracy and loss curves for training and validation are shown.

To assess how well the model performs on the test dataset.

e Training and Validation Curves: Accuracy and loss curves are plotted to analyse the learning process.
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Output graphs and plots are important in assessing the performance of the OCR-based information extraction system.
Such graphs are used in comprehending model BEHAVIOUR, detecting overfitting or underfitting, and achieving optimal
performance. The initial picture is of the training and validation accuracy across several epochs. It indicates that accu-
racy goes up and becomes steady with more training, which means that the model is learning as required. The accuracy
of validation follows the same pattern, showing that the model generalizes well to new data. The second image shows
the training loss and validation loss over epochs. A steep drop in loss at the beginning of the epochs indicates fast learn-
ing, followed by a slower drop as the model converges. The validation loss LEVELLING off at a lower value shows that
the model is not overfitting and has good generalization. The OCR model's performance in producing accurate output
was very satisfactory, as it was able to extract text from different semi-structured documents with great accuracy. The
model's accuracy in identifying characters and words, even in noisy or distorted documents, made data extraction relia-
ble. The negligible variation in the training and validation measurements further validated the effectiveness of the
method in real-world use, and the method emerged as a strong solution for extracting and authenticating information
from semi-structured data.

V. CONCLUSION

The suggested OCR-based information verification and extraction system has some of the important benefits, such as
automating data processing, minimizing manual labour, improved accuracy in extracting text, and increased efficiency
in the processing of large numbers of semi-structured documents. Through the use of an OCR model, the system is able
to effectively extract textual information from a variety of document formats, such as scanned pictures, PDFs, and word
documents, overcoming the issue of manual data entry and verification. The combination of fine-tuning methods and
transfer learning has further increased the capacity of the model to identify sophisticated patterns in text, enabling it to
be more robust to variations in handwriting fonts, styles, and structural inconsistencies. In addition, mixed-precision
training has further helped optimize computational efficiency without degrading model accuracy, enabling large-scale
scalable and high-performance processing. The data preprocessing and augmentation methods have proven important in
enhancing model resilience by refining input data quality and lessening the effect of noise and distortions. The struc-
tured data loading and batching have facilitated seamless management of huge volumes of sensitive documents, pro-
moting easy workflow processing and low processing latency. The assessment of the system using output plots, such as
accuracy and loss measures, has been insightful regarding the learning behaviour of the model, as well as its effective-
ness in generalizing across unseen samples. The performance shows that the model has done well in extracting and
validating text correctly, with little variation in training and validation performances. The inclusion of error detection
and correction features further fortifies the system by marking inconsistencies and offering context-sensitive sugges-
tions, thereby making the entire extracted information more reliable. With its capacity to automate document pro-
cessing, minimize human intervention, and enhance data verification accuracy, this project provides an implementable
and scalable solution for organizations to manage large amounts of semi-structured data. Future development may
emphasize increasing the system's flexibility to handle a wider variety of document types, using sophisticated natural
language processing methods for context-sensitive validation, and incorporating secure data handling mechanisms to
meet privacy and confidentiality requirements. Overall, this project has been able to prove the viability of OCR-based
systems in automating data extraction and verification processes, setting the stage for future innovations in document
automation technologies.

VI. FUTURE SCOPE

The future potential of the project on extraction and validation of information from semi-classified data is immense,
with a wide range of possibilities for enhancements and improvements. One of the major areas of improvement is to
further improve the OCR model to support an even broader variety of document types, such as handwritten, low-
resolution, and multilingual documents with complex layouts. Adding sophisticated deep learning methods, like trans-
former-based OCR models, can greatly increase the accuracy of text recognition and make the system more flexible
with varying document formats. In addition, incorporating natural language processing (NLP) methods can enhance the
verification process through context-sensitive validation, allowing the system to identify subtle mistakes, inconsisten-
cies, or omissions more accurately. Increasing the dataset size to cover further variations of semi-structured documents
will also enhance the generalization ability of the model, and it will be more stable in practical applications. Further-
more, the introduction of a feedback loop system, in which users can mark OCR mistakes and the system learns from
those corrections, would result in ongoing precision enhancement in the long run. Another future developmental path is
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improving the security and confidentiality of sensitive information, including government-issued identification cards,
education records, and economic statements, through the implementation of encryption and access controls. Implement-
ing such a system on a cloud environment would provide for scalable processing, making it possible for companies to
process huge amounts of documents in real-time while reducing latency. In addition, integrating the OCR system with
automation platforms like robotic process automation (RPA) will enable streamlined processes in multiple industries
with minimal reliance on manual intervention and vastly improved efficiency of operations. Creating an easy-to-use
interface with simple features for document uploading, processing, and fixing errors would bring the system within
reach for a broader user base, including non-users with limited technological expertise. Another possible development
is the integration of explainable Al methods to offer transparency in decision-making so users can see how the model
detects discrepancies and recommend course correction. With the increasing need for automatic document processing
in industries like banking, healthcare, legal, and education, the project can develop into an end-to-end intelligent docu-
ment processing (IDP) solution with more applications. Future developments and research work may also incorporate
blockchain technology to provide data integrity and tamper-evident verification of the extracted information, which will
further increase the reliability of the system. Generally, this project provides a solid foundation for intelligent data
extraction and verification, and with ongoing updates, it has the potential to become a highly efficient and widely used
solution for organizations handling large volumes of semi-structured data.
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