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• Hieroglyphic and logographic scripts encode meaning inside 

character structure, especially in the configuration and combination 

of strokes.

• Current LLMs see characters as symbolic tokens; MLLMs see them 

as pixel grids. Both are weak at modeling stroke-level compositional 

logic.

• Existing structural analysis methods often rely on script-specific 

stroke inventories, decomposition rules, or manual annotation.

• Goal: infer explicit, interpretable stroke structures directly from 

bitmap images, without language-specific priors.

• Representation: each stroke is a 

two-endpoint line segment in a 

normalized coordinate system.

• Learning signal: reward from 

bitmap coverage, invalid-stroke 

penalty, and structured output 

format.

• Training: GRPO fine-tuning of 

Qwen3-VL-4B-Instruct; no stroke 

annotations, no stroke order, no 

script-specific rules.

❖ Results❖ Results
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❖ Downstream Utility❖ Downstream Utility

• OCR: Adding HieroSA stroke representations 

improves average OCR accuracy from 82.4% to 

83.5% after fine-tuning.

❖ Case Study❖ Case Study
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