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῟љỴѲ
Research Background



῟љỴѲττ ԋ ῟χѕ ᾭὯљ ề

ѕ ᾭὯ ềẻẪᶺ‾ ѕ ᾭὯṑẙṮầ῎Ῐ



῟љỴѲττ ԋ ῟χ љ

ᶃӵ֫ ᶃӵ₅╜ Ầᾣ ∆ ὸת

  үח ░ᶶ ιјṕ ҈ῶ ￼ ָ‰

+ ⱡ χ Ἲ ￼ ѲӡỤָ ḧӈүח



῟љỴѲττ ԋ ῟χ‗ấ ἑᶢ ₩ᶚ

ᶃⱭ‎◊χhttps://arxiv.org/pdf/1910.10683

ᶃⱭ‎◊χhttps://arxiv.org/abs/2212.02499

https://arxiv.org/pdf/1910.10683
https://arxiv.org/abs/2212.02499


Ḓүח ⸗ề ềּג

Vote2Cap-DETR++ [T-PAMI 2024]

ѕ ᶋ῟ỵ גּ

Vote2Cap-DETR [CVPR 2023]

῟љỴѲττOverview

јᵃүח ￼Ҋ Ӟ

LL3DA [CVPR 2024]

#Topic 2χᶽ ѕ ἑ₩ᶚ#Topic 1χּז ῭Ḅѕ ת



ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ
End-to-End 3D Dense Captioning with Vote2Cap-DETR, [CVPR 2023]



1. ҡ ѕ￼שּ ềѧ ╜֝ ￼ ‰ḧӈ⁭ψ

2. ѭᶋ῟ѧ￼ⱶӌּוἄҨⱶӌѭѧỌ￼ ḹᵍӡỤ ￼ ‰ὼ ᾰ ψ

Ԅχѕ ᶋ῟ ֧χѕ ‰⁭ҨᴣḾẔᾰ ὼ

ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

[1] Chen, Zhenyu, et al. "Scan2cap: Context-aware dense captioning in rgb-d scans."Proceedings of the IEEE/CVF conference on computer vision and pattern recognition. 2021.

Figure taken from Scan2Cap [1]

Ѯ ὠἇχ



3Dỵ גּ

1. 3D₅╜ᵸ ‭ ἄ￼ Ṯ
i.e. miss / duplicated detection

2. ᶋ῟ѕіᾑӠ ỵ Ѣ᷂
i.e. room corners / textured walls

ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

і ᶈᵤ ό



Vote2Cap-DETRι Ѧ ᵀ ╜￼ χ

1. Ṅ ♇ε♇҉ζ ֹ ѭ ɒ ‰⁭ððᾰ ὼ ɓḾψ

2. Ӕּז ᵸԓ￼├Ỵדιḙѽ‬ љ‬ Ҩᴣ‬ љᶋ῟￼ҐҊψ

3. ᵀ ╜￼ ἐⅎιḙѽ῭Ặ￼ⱶӌ ề

ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ



ḅӍṄTransformer‟‗ ҈ѕ ᶋ῟ό

Learning to Shift
Local Feature

Aggregation

ệ֝ ѕ ₅╜⁭ῶᶺ ό

1. ẙᶽיּ (x, y, z) vs ♇҉ ֫ṵјᶎ (occupancy)ψ

2. ѕ ᶋ῟♇҉ιⱶӌ ‾ שּ (sparsity)ψ

ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

‰‬ (object query) ᶺ‎ ♇Ӿ ή

Ӿ
Spatial Prior

ѲӾ
Semantic Prior

ῳ ♇ ‾ Ἦ ‬ ӈ



ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

‰‬ (object query) ᶺ‎ ♇Ӿ ή

ᶽẄώ ҃ Ṗdecoder￼ַּזꞌ‰‬ ҈ᶋ῟ⱶӌ ιṾ‎҃῭Ặ￼ỵ ⱶӌ ד

Ӿ
Spatial Prior

ѲӾ
Semantic Prior



1. זּ ‰‬ Ӑѭׁ ιẊẬԄṕ іїᾰψ

2. Ḿ ש￼ Ὣ᷂ (Set Loss)ιḙѽ῭Ặ￼ ‰ ềψ

ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

ḅӍṄTransformer‟‗ ҈ѕ ᶋ῟ό

ḅӍּוἄҨⱶӌѭѧỌ￼ ḹᵍӡỤ ￼ ‰ὼ ᾰ ό

1. Ộ‾ ₩ᶚ ♯҈ⱶӌιẊ ֹіїᾰ⸗ề (local surroundings)

2. ḅӍ֫תᵃᶋ῟ԓ￼јᵃⱶӌ⸗ề (set-to-set training)
ṕ іїᾰ￼ẬԄ ᶼӞӔ῭֝ ￼ ‰ὼ ἄוּ

ᵀ ╜￼ ΆẪιӞӔ῭Ḅ￼₩ᶚὼ ớ



ᶢ҈Transformer￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

+7.7% +3.6% +5.9% +2.8% +4.5% +2.6%

ҮὝ‰χᶢ҈█ᵀ֝ љ‬ԅ￼F1 score



ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ
Vote2Cap-DETR++: Decoupling Localization and Describing for End-to-End 3D Dense Captioning, [T-PAMI 2024]



1. ֝ ￼ ‰ḧӈιԏᶵӡỤ ￼ ‰ὼ ָ֫ Ҝѱ?

- ‰ḧӈχѕ ‗ (3D structures) ￼ỵ ψ

- ‰ὼ χ Ṗ₭ṞớӡỤ (attributes & relations) ￼ỵ ψ

2. ῶא Transformer ‟‗￼ҸמῗҜѱό

- ‬ (querying) ￼ẻẪ ᴨ ‰⸗ềψ

3. Ἦ ‬ ￼ Ӿ ῗᵋᶿẴ҃ό

- ӭ ￼ḙѽ῭ѭ ᴅή

ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

ḾVote2Cap-DETR ‗￼Ԝộ χ



Vote2Cap-DETR (іᶃ) vs. Vote2Cap-DETR++ (їᶃ)

ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ



үח ￼ ‰‬

Caption

Head

Localization

Heads

+Projection

ὔ
Transformer Decoder 

Layer

Copy-and-Paste

1. ᶶֺזּ ￼ΆẪ ệѣ ‰‬ ;

2. јᵃ‬ ;חјᵃү҈זּ

3. ‬ ￼⸗ềῑṃ (query-wise projection);

ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

֝ ￼ ‰ḧӈιԏᶵӡỤ ￼ ‰ὼ ָ֫ Ҝѱ?

- ‰ḧӈχѕ ‗ (3D structures) ￼ỵ ψ

- ‰ὼ χ Ṗ₭ṞớӡỤ (attributes & relations) ￼ỵ ψ

1. ҝүח χӠ ҃₅╜ớ ιӇᾰ ὼ ֝ ớᴪṮψ

2. ‬ ḾẔχḧӈљὼ үח ệớ ώ״ψ



ᵻỎ їχἮ ‬

ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

Learning to Shift
Local Feature

Aggregation

ệ֝ ѕ ₅╜⁭ῶᶺ ό

1. ẙᶽיּ (x, y, z) vs ♇҉ ֫ṵјᶎ (occupancy)ψ

2. ѕ ᶋ῟♇҉ιⱶӌ ‾ שּ (sparsity)ψ

‰‬ (object query) ᶺ‎ ♇Ӿ ή

Ӿ
Spatial Prior

ѲӾ
Semantic Prior

ῳ ♇ ‾ Ἦ ‬ ӈ



ɝὴ ɝὴ ɝὴ

ᴅῶᾦχ ℓᴞӢ⃰ ‰‬ ￼ ӈ

ҡ ҇ṖẦḊιῶᾦ ệớ ώ״

ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

Ἦ ‬ ￼ Ӿ ῗᵋᶿẴ҃ό

- Ӿ ￼ḙѽ῭ѭ ᴅή

░ Ẫ￼Ἦ Ҹק צּ

ḻχẸ ‰‬ ⱶӌѧỌ ιḜḾẔ￼ ‰⁭ӂ ṏ ֝

ӈ -> ⱶӌѧỌ￼

‰
ḧ
ӈ
⁭
￼

Io
U

ӈ -> ⱶӌѧỌ￼

ӈ
->

 ⱶ
ӌ
ѧ
Ọ
￼

јḅᾡᴪṫᶃ￼ᾴꞌό



ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ

+2.3% +1.3% +1.7% +0.7% +0.4% +6.4%

ҮὝ‰χᶢ҈█ᵀ֝ љ‬ԅ￼F1 score



ᶢ҈үח ￼ ֹ ѕ ᶋ῟ ‰ḧӈљὼ ἄוּ



ᶢ҈ᶽ ₩ᶚ￼ҐҊẪѕ ἑ₩ᶚ
LL3DA: Visual Interactive Instruction Tuning for Omni-3D Understanding, Reasoning, and Planning, [CVPR 2024]



ᶢ҈ᶽ ₩ᶚ￼ҐҊẪѕ ἑ₩ᶚ

ᶽ ἑ₩ᶚ ᴵҐҊ￼ ỵ

ᶈѕ ᶋ῟ї￼ᴵҐҊỵ ὸת љ ֮



1. ᶽ ₩ᶚת ѕ ᶋ῟ӡỤψ

2. ѕ ♇҉￼ὴẑјᴪớ vs.ᵼ‛ ₩ᶚ (Causal LM)￼Ὴẑψ

3. ѕ ᶋ῟ת үח ẙ ẙᶽι ☺ᶈ￼ ҐҊχᶋ῟ԓⱶӌ Ḣᾯᶋ῟ψ

Ѯ ὠἇχ

ᶢ҈ᶽ ₩ᶚ￼ҐҊẪѕ ἑ₩ᶚ



ᶢ҈ᶽ ₩ᶚ￼ҐҊẪѕ ἑ₩ᶚ

1. ѭᶽ ₩ᶚḙѽ ￼ ҐҊᴵ ￼ѕ ᶋ῟ ềψ

2. Ẉ ᴅ₩ỗњḲ₩ᶚ ￼₩ỗṮầψ

3. Ṅὴẑјᴪ￼ѕ ⸗ềẑ֯קιљᶽ ₩ᶚ⸗ề Ḿ ψ



Table 1. State-of-the-Art 3D Dense Captioning.

Table 2. State-of-the-Art 3D Question Answering. (w/o visual prompts during inference)

Ӕּז ҐҊιᴞ ⱡᾰ ‬ ѧ￼℗Ѳ

ᶢ҈ᶽ ₩ᶚ￼ҐҊẪѕ ἑ₩ᶚ

LL3DAṝ֧אẶᶽ￼ ‰ὼ ד



ᶢ҈ᶽ ₩ᶚ￼ҐҊẪѕ ἑ₩ᶚ

҃ ᾰ  ֧ᶹχ
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ḧ ώ ιҨᾰ ẻẪ ֧ᶑ‰ᵙ ָιḫאѕ Ầᾣ ∆₅╜


