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Abstract. This article discusses the implementation of an optical character recognition (OCR)
algorithm for the Georgian alphabet using the MATLAB programming environment. The aim of
the study is to develop an effective system for the digital recognition of Georgian text that
overcomes challenges related to low-resolution images, font variations, uneven background
structure, and noise.

The proposed algorithm is based on several stages of digital image processing: initial image filtering,
conversion to grayscale and binary modes, text segmentation, and comparison with binary
reference matrices. For character recognition, a correlation analysis method is used, which
identifies the characters extracted from a new image by comparing them with pre-formed
templates.

The algorithm was tested on images with different qualities and structures. The results showed that
under appropriate pre-processing conditions, high-accuracy recognition of Georgian text is
achievable.

This study emphasizes the potential of digital image processing technologies in the digitization of
the Georgian language and cultural heritage. The proposed method can also be adapted to other
writing systems, giving the research both theoretical and practical significance.

Keywords: Optical character recognition (OCR); Georgian alphabet; text digitization; text
recognition from images; binarization; segmentation; correlation analysis; MATLAB; reference
templates.

Introduction

The Georgian script is one of the oldest writing systems in the world and is included in UNESCO’s
list of Intangible Cultural Heritage. In the contemporary era, where the digitization of linguistic
resources is a critical task for the preservation and accessibility of national heritage, the
development of efficient technologies for the digital recognition of the Georgian alphabet has
become especially important.

Optical character recognition (OCR) systems are regarded as a leading approach in the automated
processing of textual data. Their main function is to recognize text contained in images and convert
it into an editable digital format. Although many such systems exist at the international level, their
application to the Georgian language often encounters challenges—commonly showing low
accuracy, lack of dedicated support, or limited functionality. Moreover, the performance of these
systems is significantly influenced by image quality, font type, text layout, and background noise.
The present study aims to develop and evaluate an algorithm for recognizing Georgian script using
the MATLAB programming environment. The algorithm follows classical stages of digital image
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processing: pre-filtering, segmentation, pattern matching, and exporting the recognized text into a
file. The methodology is modular, making it adaptable for other writing systems as well, thereby
granting the model a degree of universality.

Through this research, we seek to contribute to the digitization of the Georgian language and
cultural heritage by improving recognition accuracy and usability, especially for users without
professional technical expertise. Therefore, this article presents the algorithm’s structure, its
technical underpinnings, and the results achieved during system testing.

Methods

The implementation of the text recognition algorithm was carried out using the MATLAB
programming environment, which is known for its high efficiency in matrix operations and its
extensive set of tools for digital signal and image processing. The developed system is structured
into several stages, allowing each phase to be evaluated and improved independently.
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1. Formation of Reference Character Matrix
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Each character is displayed in a black-and-white grid format, where
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Fig. 1. Reference matrix
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Fig. 2. Sample of the letter “5”: black pixels in the binary matrix are represented by “0” and white
pixels by “1”.

2. Preprocessing of the Image

The imported image is converted to grayscale using the rgb2gray function, and then further
transformed into a binary image. To reduce noise and enhance character clarity, digital filtering is
applied, which significantly improves the distinguishability of the symbols.
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Fig. 2. Image to be processed Fig. 3. Image in grayscale mode
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Fig. 4. Binary image
3. Segmentation
During the segmentation process, individual lines, words, and characters are separated from one
another. This stage ensures accurate comparison between each extracted character and its
corresponding reference template.

Fig. 4. Segmentation

4. Correlation-Based Comparison

The extracted characters from the binary image are compared to reference matrices using
correlation analysis. Each character is identified as the one that shows the highest degree of
similarity to a reference template at the pixel level.

Fig. 5. Reference matrix samples for the letters “®” and “o»”
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5. Text Generation and Export

The recognized characters are assembled into a text string and saved as a .txt file using the fprintf
function. The resulting file is opened in Microsoft Word via the winopen command, providing
the user with easy access to the digitized text.
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Fig. 6. Opening the recognized text — final stage of the digitization process

Results

The functional evaluation of the developed algorithm was conducted on various types of images
containing Georgian script in different fonts, resolutions, and background structures. Each image
featured either the complete alphabet or textual fragments, and recognition was performed using
MATLAB.

As aresult of preprocessing, noise was significantly reduced, and characters were visually enhanced.
The segmentation module effectively extracted individual lines and characters from the image, and
correlation-based comparison enabled high-accuracy identification of characters.

The average recognition accuracy of the algorithm reached 75-80% on images meeting the
following criteria: at least 10 pixels per character, uniform background, and low noise. In more
challenging conditions—such as low resolution, uneven backgrounds, and non-standard font
styles—accuracy ranged between 60—65%.

The results are illustrated above, showing the original image, the filtered version, and the final
recognized text. The algorithm successfully recognized most letters, and the output was exported
in .txt format, which can be accessed and edited using a text editor.

It is worth noting that the results were particularly stable for standard fonts and structured page
layouts, indicating the system’s practical potential for use in the digitization of Georgian-language
documents.

Discussion

The results obtained from the study confirm that the OCR algorithm implemented in MATLAB
performs effectively for Georgian text recognition. The achieved 75-80% accuracy on high-quality
images highlights the importance of proper preprocessing and filtering in enhancing system
performance.

While standard OCR systems are widely used across various languages, the unique graphic features
of the Georgian alphabet—such as the coexistence of angular and rounded elements—often result
in recognition errors. The proposed algorithm offers two main advantages: (1) it relies on predefined
binary reference matrices, which ensures transparency in the identification process, and (2) the
MATLAB environment allows for fast experimental modifications and customization of the
algorithm for specific needs.
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Nevertheless, the system has some limitations: recognition accuracy drops significantly in cases
where the background is highly uneven or when the text is of very low resolution. Additionally,
correction for rotated characters is not currently implemented, which may be addressed in future
improvements.

The study underscores the need for continuous adaptation of image-based text recognition
algorithms to the graphic characteristics of each specific writing system. The successful
implementation of an algorithm tailored to the Georgian script not only demonstrates the viability
of the technical model but also presents an opportunity to enhance automation in the digitization
of the Georgian language.

Conclusion

This article presented a model of an optical character recognition algorithm designed to convert
Georgian text from images into a digital format. The algorithm, implemented in the MATLAB
environment, demonstrated high effectiveness, particularly under conditions with standard fonts,
high resolution, and minimal noise.

The system is based on comparison with pre-defined binary reference templates, which provides a
transparent and customizable recognition process. Accurate use of filtering and segmentation
significantly improves recognition accuracy, while direct export of the recognized text offers users
a simple and efficient interface.

In conclusion, the proposed approach is effective and promising both for research purposes and
practical applications—especially in the context of digitizing and preserving Georgian cultural
heritage. Moreover, the modular nature of the algorithm provides opportunities for further
development and adaptation to other writing systems.
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