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[Abstract]

In this paper, we proposes a Semojum, a multimodal Al-based braille translation support service
designed to provide real-time braille books for the visually impaired. Semo-Jeom consists of a
DeepSeek-OCR-2 based layout analysis module, a Semantic NMS algorithm, a table layout optimization
engine, and a GPT-40 based image captioning module. The layout analysis module scales page images
up to 1,536 pixels and outputs element types, OCR text, bounding boxes, and reading orders in a
single pass using specialized markup tokens. To refine the output, the Semantic NMS algorithm
determines redundancy based on the semantic inclusion relationships between extracted text contents.
The table layout optimization engine extracts structured data using the JSON Schema strict output of
GPT-40-mini Vision. For visual accessibility, the image captioning module utilizes GPT-40 Vision,
injecting adjacent text from the preceding and following pages as context; it then classifies images into
seven distinct patterns and applies specific descriptive strategies for each. Furthermore, Semo-Jeom
implements a hybrid braille translation engine that combines the Braillify library with a custom LaTeX
tokenizer to support the 2024 Revised Korean Mathematics Braille Regulations. By integrating a
Human-in-the-loop structure that presents Al outputs as verifiable drafts and a tab-based three-mode

interface, the system significantly enhances the operational efficiency of professional braille translators.
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II. Preliminaries
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2. Related works

1) Document layout analysis
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2) Math braille conversion
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3) Large multimodal language model
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III. Design of Semojum

1. Design Principles and Processing Modes
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2. System Architecture
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Based on: Korean Braille Regulations / Braille Book Production Guidelines
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* BRF (Braille Ready File): A digital braille file converted to be read by a braille embosser

* Typesetting: The process of arranging text, images, and tables on a defined page layout
for printing

Fig. 1. System Architecture
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3. Backend API and AI Pipeline
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Table 2. Al pipeline configuration of Semojum

Processing Stage Model / Tool

Layout Detection:
OCR-Reading Order
Text OCR Correction
Image captioning
Table extraction
Table layout

Text braille

BRF formatting

DeepSeek-0OCR-2

GPT-40

GPT-40 Vision
GPT-4.1 mini Vision
Rule-based engine
Braillify + Tokenizer
Rule-based formatter
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IV. Implementation of Semojum

1. Core Module of Semojum

1) Layout Detection and Semantic NMS
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[ Algorithm 1 — Semantic NMS j

=y
Input : D={(type, text, bbox, native_order)}
Output: deduplicated list sorted by native_order

1. D « Sort(D, key=len(text), descending)
2.5« 0
3. For each B; € D:

(a) Text containment [len(B;.text) > 15]
3Bjes: B;.textCBj.text — remove B;

(b) Geometric overlap
3Bjes: IoU(B;.bbox,B;.bbox)>0.5
— remove B;

(c) otherwise: S + S U {B;}

4. Return Sort(S, key=native_order)

A vy

( Semantic NMS Result

Fig. 2. Semantic NMS Algorithm

2) Mathematical Braille Conversion Engine
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3) Table Layout Optimization
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[System] Post-processing Al for OCR.
Only correct visually misrecognized errors
and do not arbitrarily alter the content.

[Few-Shot]
2 7Rt LM
— S "2 LLM"

— Q. "ol c= ESo|CH

temperature: 0.0 | model: gpt-40

Fig. 3. OCR correction prompt (Few—Shot design)

5) Image Captioning Strategy
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[System] Braille transcription Al.

Classify the image into one of 7 patterns:
COMIC | FLOWCHART | DIAGRAM | SPATIAL | TIMELINE | MULTI_PHOTO | GENERAL

[Context] Adjacent text (CONTEXT_RANGE=1):
before: {context_before}
after : {context_after}

[Strategy per pattern]

DIAGRAM - state scientific/mathematical principles (not visual form)
FLOWCHART - describe process flow and decision branches

SPATIAL -> describe relative positions and spatial layout
TIMELINE - describe chronological sequence and milestones
(others) -> describe content appropriate to educational context

temperature: 0.0 | model: gpt-40-vision

Fig. 4. Image captioning 7—pattern classification prompt

6) BRF Formatting
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2) Draft Generation
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3) Braille Translation (Text)
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4) Braille Translation (Image)
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V. Conclusions
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