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Motivation a Methodology ~
* Functionality segmentation provides actionable Stage |: Open-Vocabulary Scene Graph:
perception for manipulation. * (A) associates open-vocabulary semantics with class-agnostic segmentation.
e Existing methods are inefficient in terms of runtime * (B) builds a scene graph with embeddings of instances and their spatial relations.
and memory usage. Stage Il: Task-Driven Functionality Segmentation:

* (C) analyzes task descriptions using LLM.
* (D) identifies contextual and referent objects based on visual-textual embedding similarities and retrieve images.
* (E) segments functional components on the images and generates 3D segmentation through multi-view aggregation.

A. Open-vocabulary instance segmentation B. Open-vocabulary scene graph
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We introduce T-FunS3D, a training-free open-

vocabulary functional segmentation method

achieving SOTA performance on SceneFun3D dataset.

* Scene graphs are used to embed open-set instances
and their spatial relations for efficient scene
guerying.

* Runtime and memory footprint are reduced by

Scene graph

D. Contextual object grounding via scene graph
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Experiment Results \
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i e it ames on op | R g (N - 2 Table Il. Runtime comparison at instance
R Methods mAP AP50 AP25| mAR AR50 AR25| mloU and functionality segmentation
P OpenMask3D [11]| 02 02 04 | 203 245 27 | 02 T @ OV Inst. Segm. | @ Func. Segm.
Openlns3D [13] 0 0 0 40.5 46.7 515 | 0.1 (per-scene average) | (per-query average)
? e, LERF [16] 0 0 0 342 35.1 36 0 OpenMask3D [11] | @ 30s + ® 720s -
‘ . L E U e LR ¢ Fun3DU [5] 76 169 333|274 382 467 | 152 Fun3DU [5] 1920s 1676
"orc: 75.25 Rec: 98.06 IoU: 74.15] .Prc: 30.70 Rec: 81.46 IoU‘:ij.'GQ Pre: fej_rie 3_1on Fun3DU [5]7 44 103 234 | 309 423 497 | 12.0 T-FunS3D (ours) @ 12s + ® 580s 785
s - i i e R b i T T-FunS3D (ours) | 8.1 17.8 34.5| 238 358 469 | 157
e o 0’;-. * T-FunS3D achieves 30% higher mloU with 65% less runtime per task than the previous SOTA on the
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SceneFun3D dataset.

* Unlike T-FunS3D, OpenlIn3D [13] segments the entire objects rather than parts, leaving a larger AR margin.
* It remains challenging to segment physically unattached functional parts such as light switches.
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.71 Rec: 82.17 ToU: 65.03 |Prc: 19.65 Rec: 90.69 IoU: 19.264 Prc: 100.00 Rec: 31.57 IoU: 31.57| IPrc: ©0.00 Rec: ©0.00 IoU: 00.00




