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© Motivation & Problem Statement
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VLMs face critical gaps in 3D cultural heritage understanding: e : I n
> Data Scarcity: No 3D VQA dataset for archaeological artifacts. Ancient Greek (" Question e Question: Generate a concise and accurate caption, Include vessel type (eg., ; 3D-Specialized Models
. _ Generate a concise = :! 1 lekythos, amphora, hydria).technique (e.g., black-figure, red- "
pottery represents rare long-tail data (>2,000 yrs history, 300 yrs of research). oracelinate ne ' a 8 figu;egiapfrc;xima*refd?e-&}iefgr describe the main decorative subject.Add ! DiffuRank 0.421 0.798 106.67% 8.33% 2.08% 0.274
: ko probable find-spot if identifiable. |
» Domain Gap: General VLMs lack expertise in archaeological semantics: caption | g
> g ° vo_ i | Cap3D 0.445 0.792 14.58% 7.29% 1.56% 0.267
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» 3D Reasoning: Archaeological significance lies in spatial features —

Athenian Black-Figure Panathenaic

| Output
. C .. . . a Athenian black-figure lekythos, c. +
symmetry, proportions, morphology — invisible in 2D fragmented views. .
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© Complete Data Construction Pipeline
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Input: 2d Vase \
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@%‘ i%l }\ Q_\@/ ] - & 3D Dataset Examples GPT-40 0.582 0.520 13.54% 6.25% 2.08% 0.104
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Qwen2.5-VL-3B 0.358 0.782 9.38% 6.25% 1.04% 0.259
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A squat red-figure Athenian y i I
Pty lekythos, c. 425-375 BCE, o Fe 3 a
o decorated with a sphinx on a y i '
I column amid curling tendrils: QUESTIUHN XXX 1 ! 1
] | === private collection , Vienna. 5
: | o
| i i

Pipeline: 30K images — 3,880 filtered — 664 3D models — 4,460 QA
pairs — VaseVLM
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VaseVLM — Ours (bold = best)

VaseVLM-3B-SFT 0.359 0.788 17.71% 8.33% 2.08% 0.223
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Athenian black-figure Squat Athenian red-figure Athenian Red-Figure Cup by
lekythos, c. 575-525 BCE, lekythos, c. 425-375 BCE, Epiktetos, ¢. 525-475 BCE, VaseVLM-3B-RL 0.363 0.789 17.71% 10.42%2.08% 0.245
adorned with dogs and owls; depicting a woman and Eros: featuring symposium scene with
National Museum, Copenhagen. | | Cleveland Museum of Art. reclining woman. VaseVLM-7B-SFT  0.332 0.779 20.83% 10.42%3.12% 0.272
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VaseVLM-7B-RL 0.328 0.792 21.24% 11.12%3.52% 0.276

ResNet-50 classifier ' hiah lity i :

What is a good Image? E igh-quality images :

, Clip Flitering . Final Tmages

Filteringl(clip filter
vase fragments)
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Filtering2(best clip
score for the same

* VaseVLM-7B-RL achieves best R@1 (+12.8% vs. Best) and Lex.
Sim. (+6.6% vs. Best).

Example: Red-Figure vs Black-Figure Classification
GT:“Athenian Red-Figure Cup, c. 500-450 BCE, depicting a youth
wreathing an altar; Detroit Institute of Arts.”

Gemini 2.5 Flash (R@1): “Athenian bl sack-figure kylix, c. 550-500
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Beldum workshap’ IVY und iVY Igaf and bgrlrly mofifs; und Chur-io‘t Mu-'-ifs' Affribufgd to VaseVLM-7B-RL (R@1)- “Athenlan red-flgure cup, C- 500_450 BCE,

Berry Motif, Nola Provenance. National Museum, Warsaw. Kleophrades Painter depicting a youth at an altar; Detroit Institute of Arts_”




