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150399939 BY. 3HMgJEH0oL FobbMME0gEgdol IgommMEMA0s

39O 05690U:

dmbo3gdms BoGmm d5Bob dggdbsl (300,000 LryHo00 s JoMmeEo
3933960),

BLIP2 encoder-ob 580mygg69dsl 30bwgsem@o Fomdmoygbgdol
dobomgds,

ByT5 decoder-ob 06¢g®s30sL Gadu@ob 39696sgoobmgol, Gmdgeros
JoGrom 9bsbg 98omdL,

Projection layer-ols 3s0935&03w96 LobJOHMmboBsEosl, GHoms
30DM5@MHO s JoMdIM030 LOZMEYJOO MO3LJdSO OyYmU,

693M56H0BsE00Ls S M3EH0T0Ds300L MbsTgMM™3g GH9dbozgdb,
39003 M DOOHMB39Ygmx39b LEHIBOEWWMG S BMLE GHOYbobal.

39009250 3009000 IMEYL, HMIGEbog 99w9dwos bLyMsmgdol
JoO e gbsBg s0figMs, oo LoBMLE oM S d96gdMHO30
96mdM030 LGHowom.
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1. Boegdnwo  dmEgwo  s6ol  blip2  30BweEMH-96mdMm030
9ol domdxmdgbgdmeo 39MLos , 0bmgzgssow®mo doymdol
abom, mMo dmgeol bobomgboom.

2. Martha 9m@gol  450s(30m3bs dgbodgwrgdgmos  bgdolidog®
965%g, G0l FbsMsFgesa 5J43L bytS o 9bmdMog dmgel,
d9L50530L  gbsBg BmMboggdndol 8gddbol gbom , GMmaMmGE b
dmbos JoMomneo gbols d9dmbggzedo. gl gbgdos :

1. Spanish
French
German
Russian

Chinese

2.

3

4

5

6. Arabic
7. Portuguese
8. Armenian
9. Azerbaijani
10. Ukrainian
11. Turkish

12. Polish

360m9dGHoL Fo®ToBHqd0om 456bmME0gegds d94dbols 360939w096¢)L
Jo®mmen Al 33¢039080. oo 36033600 mds dmogagl:

96mdM030 06300 MBOMHMBs — JoMMro gbs 30M3gws 0dbgds
§o68mybowo msbsdg®mgg 30BmswcH—9bmdmog dmogwgddo.
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063 b0H0 Hygbmewmyogdo — 3bgrgIwmdIEsg3gomIBYEo
5Q050056900LmM30L 4MgIML 590M SOfIMOL TglodEgdMmds.

2396500gds s 893609690 — sbogro 0bliEMMIGbE, HmIgwros
39900996905 MMM 3 Lalifogerm, obyg 33300 3MM3EgLYdd0.

OYO0BI0 © FYHYHS ~ L3FONZILML FPLAHIOYLO
0993300069M00L 3M32)oM0BE0, 30D Tobowrgdol

JoOMgbmgsbo smfgMgdoo.

Imboermbgeo sdmdsgerm 336093900

369JGHol ©abMmmadols 3999y 03939905 Msd9body
0035Mm:0)gdY:

9 GH0MEIMO0 JoRBIOMMIdS
3009Mb 5©fgMol dqLodwgdemds (Video Captioning).
0momb 06@gacs30s (Audio—Visual Captioning).

9@ 0woba3mmo IbsMsF Mo

9oL ox5MMMYds gAMb g690bg (Lemdbmeo,
5BgMB0X BME0, mbvyMo).

3M-130h0bAOL FbMIFIMS JoBrmnye—obywolwm®mo
39duBgdolbomzob.

6956 M™Jo captioning

Q050 WoBIBEGHMOMdOL IMEYErol 39OLOS IMBOWMGMO
33¢003530900LmM30b.

06@9365305 LAsOE) Lomgzoegqddo (,,F330560 Lomgzgawg*
db9390MBIZYONJOIWDNSMZOU).

RAG (Retrieval-Augmented Generation) 06¢&gaMo30os
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39696069090 353896980L 458OMYDS Mg 3oL dobYdOm
(059 BHOHOLEHMWO MB0YIBHIOOL OLEHMEOS).
(Tsiramua,Meladze,Davitashvili,Bitmalkishev,Elbakidze/Bo®sd¢9s,d9sd

9,00530005030¢0,00¢ 3o 30093,9wdsdodg. 2025)

990l Mm3E0dobogos

9ol 993099935 (quantization, pruning) dmdowe s edge-
©0350LgdBY goLlodz9ds.

969639539 GMO0 LHogergds dgoMg MgbyMdLgdol dJmby
WHdMMSGHMOH0JOIOLMZOL.
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Reviews

One of the most significant challenges in the modern world is the
multilingual and culturally adapted use of AI models. While there are
many successful visual census systems globally (e.g., BLIP2, Flamingo,
GPT-4V), they are mostly trained on English-language data. This has led
to a serious breakthrough in technology, however, small language
communities like Georgian continue to be vulnerable to Al services.

In this context, "Martha" is a hybrid model of computer vision and
natural language generation, which specifically describes the visual
environment in Georgian. The project combines two most important
components: the BLIP2 visual transformer, which generates high-level
semantic tensors from images, and the ByT5 language transformer,
which describes the data in Georgian. It is through this synthesis that a
completely new opportunity is created: automatic perception and
description of the environment in the Georgian language.

"Martha" is not just a technological innovation—it is a socially and
culturally significant project that responds to a global challenge: how to
make Al equal, multilingual, and accessible to all. Its importance for
Georgia is great, as it creates a new generation of Georgian-language
technology, and the novelty lies in the fact that for the first time, high-
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tech models for describing the visual environment in the Georgian
language have been hybridized.

Introduction

Topical Relevance
The relevance of the research is related to several main challenges:

Global Disparities Between Languages — The dominance of English-
language resources in the global Al industry is overshadowing minor
languages. Thus, the technological integration of the Georgian language
directly responds to the challenge of digital sovereignty and linguistic
diversity.

Lack of inclusivity — Most international models are not adapted to work
in the Georgian language, which significantly limits the rights of visually
impaired and non-state language users.

Technological security — The presence of systems working in local
languages is of strategic importance for the country, as it ensures local
data processing and security.

Economic potential — The development of Al technologies working in
the Georgian language directly contributes to the strengthening of the
startup ecosystem and Georgia's inclusion in the global information
technology market.

Project Cost
The value of "Martha" is determined in several ways:

Linguistic independence — The project creates a technology that allows
users working in the Georgian language to receive accurate, natural and
contextually adequate descriptions.
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Inclusive technology — One of the most important aspects is the
assistance of people with disabilities, in particular, the visually impaired.
The system provides a descriptive audio channel for the environment,
thereby increasing their independent living and social integration.

Educational and cultural significance — The ability to describe images in
Georgian will significantly encourage the creation of Georgian databases
as well as local educational and scientific resources.

Business-Innovative Value — The system can be implemented in various
sectors: security (video monitoring in Georgian), medicine (visual
diagnostics and documentation), tourism (automatic guide technology),
media and education.

The Theoretical Novelty of the Scientific Research

The proposed methodology, which combines visual transformers and a
byte-level language model (ByT5), establishes a reliable foundation for
the development of Georgian-language computer vision systems. The
work is significant both theoretically and practically, as it contributes to
the formation of a modern and inclusive digital ecosystem.

The main scientific novelty of the research lies in the hybrid integration
of BLIP2’s visual component and the ByT5 language model, aimed at
solving the task of Georgian-language text generation. In particular:

e A unified system based on an encoder—decoder architecture is
presented for the first time for visual scene description in the
Georgian language;

e A projection mechanism for visual embeddings has been
developed to ensure their synchronization with the hidden
representations of the ByT5 model;

e A specialized Georgian visual-textual (Image Captioning) dataset
has been created, combining images with their corresponding
descriptions;
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¢ The advantages of a byte-level model for morphologically rich
languages have been theoretically substantiated.

The research methodology is based on experimental and comparative-
analytical approaches, fully aligned with the stated objectives. The
research process included dataset construction, data preprocessing,
architectural design of the model, its training, and evaluation of the
obtained results. Both quantitative evaluation tools and experimental
testing across various scenarios were employed. The methodological
framework consistently and logically reflects the stages of the research.

The literature review discusses contemporary vision-language models
and establishes a solid theoretical foundation for the proposed
architecture; however, a broader and more in-depth comparative
analysis of the latest international research would have been desirable.

Practical Novelty of Scientific Research
The research novelty of "Martha" is expressed in several dimensions:

Innovative Synthesis of Models — The project is the first to synchronize
BLIP2 visual tensors with the ByT5 language channel specifically for the
Georgian language.

Byte-level processing — ByT5's unique architecture (which does not have
a tokenizer) allows for the generation of high-quality text in the
Georgian language, which is problematic for other models.

Creation of a Georgian database — within the framework of the project, a
special Georgian image-cap database is being developed, which is the
first time on this scale.

Versatile Usability — Technology not only serves the scientific field but is
also beneficial in public, commercial, and public services.
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Social Innovation — The introduction of inclusive technology in the
Georgian language contributes to the growth of equality and creates real
opportunities for people with disabilities.

The Importance of Results

The results of the study will have both national, regional and global
impact:

For Georgia — The project will contribute to the development of the
artificial intelligence ecosystem working in the Georgian language,
cooperation between startups and universities, and the creation of local
databases.

For the region, "Martha" can serve as a model for the South Caucasus and
the small language community, where similar challenges exist.

For the World — The study argues that multilingual Al can be developed
even for small languages, which serves to preserve language equality and
cultural diversity.

Purpose of the research

The main goal of the project is to create a hybrid system of computer
vision and language generation that will provide an accurate and natural
description of the visual environment in Georgian. The goal of "Martha"
is to integrate the Georgian language into the Al ecosystem, promote
inclusive technologies, and strengthen strategically important language
independence for the country.

Research Objectives and Stages

Database Creation and Preparation
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Task: To build a database of Georgian image-capsing (formation of
images and corresponding textual descriptions).

Expected Outcome: A diverse, structured, and reliable dataset that will
underpin model training.

BLIP2 Visual Module Adaptation

Task: Using the BLIP2 model to generate visual tensors and its
integration into Georgian-language architecture.

Expected outcome: Recognition of visual objects, context, and semantic
relationships of the environment with high accuracy.

ByT5 Language Module Optimization

Task: Integration of the ByT5 module in such a way as to convert visual
tensors into Georgian text.

Expected result: Generation of natural, grammatically and stylistically
correct Georgian-language descriptions.

Synchronization of models and creation of hybrid architectures

Task: To connect visual and language modules into a single system
(encoder—decoder structure).

Expected outcome: A hybrid model specially tailored for the Georgian
language, capable of describing the environment.

Developing Inclusive Functionality
Task: Convert model results into audio format for the visually impaired.

Expected Outcome: A practical application that will solve real social
challenges.

Testing, Evaluation and Validation

Task: To evaluate the model's performance in different scenarios
(educational, medical, tourism, security).
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Expected Outcome: Proven accuracy, real usability, and practical value.

Expected Results

Georgian Image-Capshen Database.

A hybrid model based on the integration of BLIP2 + ByT5.
Ability to describe the environment in the Georgian language.
An inclusive solution for people with disabilities.

Strengthening the Al ecosystem of the Georgian language and its
integration into the international knowledge market.

Research Methodology
General Approach

Martha's research is based on a modern integrated approach to computer
vision and natural language processing. The design of the project is based
on the encoder-decoder architecture, where the visual part (BLIP2)
provides the generation of semantic tensors from images, and the
language part (ByT5) converts this information into Georgian.

The methodology is multi-stage and includes: data collection and
development, adaptation and synchronization of models, creation of a
functional module, testing and validation of results.

Research Stages

Data Collection and Advancement

26



Creation of a Georgian image-cap database (integration of public and
local data).

Advancement of texts, control of spelling and semantic quality.
Standardization of images (recycling, size optimization).
Adaptation of models

Using a BLIP2 visual encoder already trained on multilingual image-text
data.

Optimization of the ByT5 decoder in Georgian with the advantage of
byte-level processing.

Hybrid architecture synchronization

Connecting visual and language modules into a single encoder-decoder
system.

Optimize the tensor space so that the generated text of ByT5 is natural
and contextually relevant.

Assessment and validation

Customer testing (human evaluation) to confirm the naturalness and
accuracy of texts in the Georgian language.

Alignment of the methodology with objectives

This approach directly responds to the main goal of the project — to
create a hybrid model that describes the visual environment in Georgian.
The multi-stage design ensures both scientific accuracy (synthesis of
basic models and evaluation by metrics) and practical results (an
inclusive application for a real user).
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Limitations and Benefits

Limitations:

Scarcity of Georgian data (relatively small corpus compared to English).
The need for high computing resources (GPU, large memory).

There are many morphological features in the Georgian text, which
complicate the quality of generation.

Advantages:

ByT5's unique architecture, which works without tokenization and
processes the Georgian language naturally.

A universal encoder of BLIP2 that generates rich visual representations.
Multi-step testing ensures the reliability and usability of the results.

Inclusivity and social impact in technology implementation.

Expected risks, obstacles and ways to reduce them

A number of risks and problems are expected during the implementation
of the "Martha" project, which are critically important to consider and
manage.

The scarcity and quality of the data — the image capture in the Georgian
language is limited.

Reduction Path: Adaptation of existing international databases,
generation of Georgian caps through crowdsourcing, involvement of
linguists in quality control.

The need for high computing resources — BLIP2 and ByT5 require large
resources, which makes the process more expensive.
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Reduction Path: Using cloud services (Google Cloud, AWS), optimizing
model settings, and implementing LoRA/quantization methods. (Ha,
Shen, Wallis, Allen-Zhu, Li, Wang, Wang, Chen / Ha, Shen, Wallis,
Allen-Zhu, Li, Wang, Chen. 2021)

Linguistic specificity — The morphological complexities of the Georgian
language may hinder the accuracy of generation.

The way to mitigate it: Additional fine-tuning on Georgian data, the
integration of human evaluation. (Hodosh, Young, Hockenmaier, 2013)

The Difficulty of Testing Inclusive Functionality — Engaging visually
impaired individuals may face administrative and ethical barriers.

Path to Mitigation: Collaborating with local NGOs and securing prior
ethical consent.

Risk of financial and time delays — high technological cost and resource
delays.

Reduction Path: Phased budgeting, finding alternative sources of
funding, planning parallel work.

Conclusion

The project "Martha" is the first attempt in Georgia, the visual
environment description system is being created in Georgian on the basis
of modern Encoder-Decoder architecture. The methodology of the
project implementation includes:

Creating an extensive database (300,000 images and Georgian capsules),
using the BLIP2 encoder to obtain visual representations,
Integration of ByT5 decoder for text generation that works in Georgian,

Mathematical synchronization of the projection layer so that visual and
linguistic spaces are compatible,
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State-of-the-art techniques of regulation and optimization that ensure
stable and accurate training.

As a result, we get a model that can describe images in Georgian, with
high accuracy and natural linguistic style.

1. The obtained model is an improved version of the BLIP-2 vision—
language model, created through an innovative approach by
synthesizing two models.

2. The Martha model can be retrained in any language supported by
the ByT5 large language model, by generating data in the
corresponding language, as was done in the case of the Georgian
language. These languages are:

Spanish
French
German
Russian
Chinese
Arabic
Portuguese
Armenian
Azerbaijani

Ukrainian
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Turkish

Polish

The successful implementation of the project will set a precedent in
Georgian Al research. Its meaning includes:

Linguistic inclusivity — the Georgian language will be represented for
the first time in modern visual-linguistic models.

Inclusive technologies — the ability to provide audio descriptions of the
environment for visually impaired people.

Education and Science — a new tool that is used in both educational and
research processes.

Tourism and Culture — Promotion of Georgia's cultural heritage with
Georgian-language descriptions of visual materials.

Expected Future Studies

After the completion of the project, several directions are planned:
Multimodal Expansion

Video captioning capability.

Audio integration (Audio—Visual Captioning).

Multilingual Support

Extension of the model to regional languages (Armenian, Azerbaijani,
Ossetian).

Code-switching support for Georgian-English texts.
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Real-time captioning

Low latency model version for mobile applications.

Integration into smart glasses ("smart glasses" for the visually impaired).
RAG (Retrieval-Augmented Generation) integration

Enriching the generated capsules with external knowledge bases (e.g.,
History of Tourist Objects).
(Tsiramua,Meladze,Davitashvili,Bitmalkishev,Elbakidze/Chiramua,Mela
dze,Davitashvili,Bitmalkishev,Elbakidze. 2025)

Model optimization

Model compression (quantization, pruning) for running on mobile and
edge devices.

Energy-efficient training for laboratories with limited resources.
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