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Abstract. 3D vision-language (3D-VL) grounding, which aims to align
language with 3D physical environments, stands as a cornerstone in
developing embodied agents. In comparison to recent advancements in
the 2D domain, grounding language in 3D scenes faces two significant
challenges: (i) the scarcity of paired 3D-VL data to support grounded
learning of 3D scenes, especially considering complexities within diverse
object configurations, rich attributes, and intricate relationships; and (ii)
the absence of a unified learning framework to distill knowledge from
grounded 3D data. In this work, we aim to address these major challenges
in 3D-VL by examining the potential of systematically upscaling 3D-VL
learning in indoor scenes. We introduce the first million-scale 3D-VL
dataset, SceneVerse, encompassing 68K indoor scenes and comprising
2.5M vision-language pairs collected from both human annotations and
our scalable scene-graph-based generation approach. We demonstrate that
this scaling allows for a unified pre-training framework, Grounded Pre-
training for Scenes (GPS), for 3D-VL learning. Through extensive experi-
ments, we showcase the effectiveness of GPS by achieving state-of-the-art
performance on existing 3D visual grounding and question-answering
benchmarks. We also show that the data scaling effect is not limited to
GPS, but is generally beneficial for models on tasks like 3D semantic
segmentation. The vast potential of SceneVerse and GPS is unveiled
through zero-shot transfer experiments in challenging 3D-VL tasks.
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1 Introduction

The foundation of human cognitive development lies in the grounding of lan-
guage within the physical world [53, 81, 108]. Recent progress in Large Language
Models (LLMs) [10,11, 83] has markedly promoted the alignment between vision
and language [3,59,75] utilizing billion-scale vision-language datasets [79,107].
However, with these advancements predominantly focusing on the 2D domain,
the grounded understanding of 3D physical environments remains in an incipi-
ent stage [1, 5, 16]. Recognizing the pivotal role of grounded 3D experiences in
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Fig. 1: Overview of SceneVerse. A million-scale 3D vision-language dataset that
comprises over 68K various 3D indoor scenes and 2.5M aligned scene-language pairs in
the form of scene caption, object caption, and object referral.

shaping human cognition [7, 8], there is a compelling need to focus on exploring
vision-language learning in the context of 3D scenes.

Seeking insights from success in 2D vision-language (2D-VL) learning, a major
factor to the success was the notable scale-up of paired vision-language data [15,
52, 79]. However, applying this experience directly from 2D to 3D is fraught
with challenges. Primarily, 3D data collection heavily relies on the scanning
device, making it inherently much more complex and expensive than gathering
2D images. Despite steady efforts to increase the volume of 3D scene data [9,
24, 66, 98], most datasets remain limited to thousands of scenes, substantially
lagging behind the scale of existing 2D datasets. This gap is further widened
by the inherent complexities of 3D scenes, which feature a multitude of object
instances with diverse attributes, varying arrangements, and intricate inter-object
relationships. These unique aspects of 3D scenes not only make the accurate
description of objects and their relations more challenging but also considerably
increase the number of language descriptions required for thorough scene depiction.
Consequently, this presents a significant challenge in gathering sufficient and
high-quality paired scene-language data for grounded scene understanding.

To confront these challenges, we propose SceneVerse, the first million-
scale dataset aimed at advancing 3D vision-language (3D-VL) learning for
grounded scene understanding. At the scene level, we unify 3D scene data from
existing datasets [9, 24,66,76,85], aligning scenes and annotations from various
capturing sources, and supplement the collection with synthetic scenes [28,106].
This compilation represents the most extensive 3D scene data gathered to date,
amounting to 68K scenes. For language, we first present 97K newly-annotated
referring expressions, the most extensive thus far. We additionally propose an
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