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ABSTRACT

Constructing a compact and informative 3D scene representation is essential for
effective embodied reasoning and exploration, especially in complex environ-
ments over long periods. Existing approaches have relied on object-centric graph
representations, which oversimplify 3D scenes by modeling them as individual
objects and describing inter-object relationships through rigid textual descriptions.
This rigidity leads to the loss of rich spatial relationships between objects, which
are essential for embodied scene reasoning tasks. Furthermore, these representa-
tions lack natural mechanisms for active exploration and memory management,
which hampers their applications for lifelong autonomy. In this work, we propose
SnapMem, a novel 3D scene representation that leverages a compact set of infor-
mative snapshot images to cover the scene based on object co-visibility. These
snapshot images capture rich spatial and semantic information among objects
within the same view and their surroundings. We then illustrate how such a repre-
sentation can be directly integrated with frontier-based exploration algorithms to
facilitate active exploration by leveraging unexplored regions and scene memory.
To support lifelong memory in active exploration settings, we further present an
efficient memory aggregation pipeline to incrementally construct SnapMem, as
well as an effective memory retrieval technique for memory management. Exper-
imental results over three benchmarks demonstrate that SnapMem significantly
enhances agents’ reasoning and exploration capabilities in 3D environments over
extended periods, highlighting its potential for advancing applications in embod-
ied AL

1 INTRODUCTION

Embodied agents operating in complex 3D environments require robust scene representations to
effectively reason and explore over extended periods. Directly representing scenes using dense 3D
representations, such as point clouds (Ding et al., 2023; Zhang et al., 2023; Ding et al., 2024; Jataval-
labhula et al., 2023) or neural fields (Tsagkas et al., 2023; Kerr et al., 2023; Mazur et al., 2023), is
often extremely computationally expensive and difficult to reason over. As a result, recent advance-
ments have focused on object-centric representations, particularly 3D scene graphs (Wald et al.,
2020; Gu et al., 2024), as a means of encoding scene memory compactly. These graphs represent
scenes using nodes for objects and edges for inter-object relationships, facilitating reasoning about
3D environments.

However, existing object-centric representations exhibit significant limitations. Such representa-
tions are limited to captions or visual features in object-level, lacking flexible information at dif-
ferent scales. The relationships between objects, represented as edges between nodes, oversimplify
the complex spatial relationships present in 3D environments. The oversimplified nature of such
scene representations lacks the robustness needed for an agent to interpret intricate spatial layouts
and respond to complex queries that require a nuanced understanding of both spatial and semantic
information.

Moreover, these representations lack mechanisms for active exploration and effective memory man-
agement, which are essential to lifelong autonomy. In particular, agents are often deployed in par-
tially mapped environments, and it is important that the agent has a well-specified way to explore and
solve tasks. Additionally, object-centric representations will continuously grow in size due to the
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