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Abstract. Recent progress in 3D Gaussian Splatting (3DGS) has en-
abled dense visual SLAM with pinhole cameras, yet most pipelines are
not designed for panoramic imagery. We present Cube-Splat, the first
panoramic GS-SLAM framework that factorizes each 360° frame into a
cubemap of four fixed-orientation virtual pinhole views sharing a single
optical center. By designating the front face as the primary pose state, we
accumulate gradients from all faces via an adjoint mapping, thereby en-
abling multi-face observations to coherently update a single state while
strictly preserving cross-view geometric consistency. Concurrently, our
mapping module densifies and optimizes anisotropic Gaussians using ag-
gregated cubemap rays for high-fidelity, dense reconstruction. Further-
more, to rigorously evaluate panoramic SLAM under diverse and chal-
lenging conditions, we introduce SynPano, a highly scalable, photoreal-
istic synthetic dataset featuring parameterized complex trajectories and
multi-modal ground truth. Extensive evaluations on two public bench-
marks (PALVIO and OmniBlender) and our SynPano dataset, collec-
tively encompassing both indoor and outdoor scenes, demonstrate that
Cube-Splat achieves state-of-the-art (SOTA) performance in tracking ac-
curacy and reconstruction fidelity. Both the source code and the SynPano
dataset are available at https://github.com/guoxf304/CubeSplat.

1 Introduction

Simultaneous Localization and Mapping (SLAM) [2,[33] jointly estimates cam-
era trajectories and a consistent scene map, underpinning applications in au-
tonomous driving and robotics. 3D Gaussian Splatting (3DGS) [16] has recently
emerged as an efficient, differentiable representation enabling high-frame-rate
rendering, end-to-end optimization, and dense scene modeling, motivating GS-
based SLAM systems [14,26]. However, most existing pipelines are tailored to
pinhole cameras: limited field of view (FoV) reduces coverage and exacerbates
drift in large or cluttered scenes. Furthermore, current GS-SLAM formulations
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Fig. 1: Cube-Splat enables comprehensive 360 panoramic GS-SLAM. Top:
While baselines only optimize the front-view frustum (red) along the trajectory (green),
resulting in severe 3D mapping blind spots, Cube-Splat utilizes all directional frustums
(red & blue) for dense, omnidirectional reconstruction. Middle: Consequently, base-
lines fail to render non-frontal views, leaving massive voids (black areas). Cube-Splat
substantially reduces non-frontal rendering voids and produces high- delity omnidirec-
tional novel views. Bottom: Quantitative results across four diverse datasets con rm
our state-of-the-art performance in both tracking accuracy (ATE) and rendering qual-
ity (PSNR).

do not natively exploit 360 inputs, despite clear bene ts for immersive naviga-
tion and large-scale mapping.
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