
§ 3D Spatial Reasoning Segmentation (3D-SRS) aims to predict a 3D mask for 
objects in a scene that satisfy a language query describing spatial relations.

§ It covers four reasoning types: relative position, narrative perspective, 
parametric perspective, and absolute distance.

§ Evaluation uses mIoU, precision, and recall at IoU 0.5/0.75.
§ Scenes are split to avoid overlap, with a leaderboard ensuring fair comparison.

We develop two annotation pipelines for different reasoning types:
1. Spatial reasoning, human annotators fix a camera viewpoint, write spatial 
queries (e.g., “the chair to my right”), and mark the target mask in 3D, ensuring 
consistent egocentric interpretation.
2. Knowledge reasoning, an LLM–human hybrid pipeline generates and verifies 
question–answer pairs, combining scalability with human quality control.

§ Embodied AI requires understanding the relationship between 
language and 3D spatial context, yet current datasets rely heavily on 
semantic cues (object names) rather than true spatial reasoning.

§ Existing 3D vision-language models often exploit shortcuts (category 
matching) instead of reasoning about geometry.

§ SURPRISE3D fills this gap by introducing a dataset focused on 
language-guided spatial reasoning segmentation.

§ Existing 3D vision-language datasets often entangle semantic 
recognition with spatial reasoning, allowing models to succeed by 
exploiting object names rather than truly understanding spatial 
context. 

§ This prevents robust evaluation of reasoning skills such as viewpoint-
dependent references or distance-based relations. 

§ The key challenge is to create a dataset that isolates spatial 
understanding from semantics and tests genuine reasoning 
capabilities across complex 3D layouts. 

§ SURPRISE3D addresses this gap by providing large-scale, human-
verified spatial queries and a standardized benchmark to rigorously 
evaluate 3D spatial reasoning segmentation.
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Challenging for SOTA 3D grounding & 3D-LLMs in zero-shot.
Fine-tuning on SURPRISE3D yields large gains across 
reasoning types. Takeaway: models still lack true 3D spatial 
reasoning → our benchmark fills the gap.

The results of various methods on different reasoning tasks 
under zero-shot setting

The results of various methods on different reasoning tasks 
under fine-tuned setting
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