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Fig. 1. Our pipeline processes a stream of monocular RGB images to reconstruct scenes with immediate feedback. Our method produces high-quality
photorealistic maps with detailed reconstruction across multiple levels. The middle image illustrates our reconstructed mesh, and the right image showcases
the rendered results of our reconstructed map, which captures high-quality details at both coarse and fine levels.
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1 Introduction
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2 Related works
2.1 Classic Dense Visual SLAM
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Fig. 2. The figure illustrates an overview of our method. Our approach takes inputs from the tracking system and generates initial Gaussians based on
regions with high geometric or texture complexity and significant errors (Sec. 3.2.2). Next, the MOHV module (Sec. 3.2.3) removes redundant Gaussians while
preserving a high-quality map. Finally, the global consistency optimization module optimizes the Gaussians to produce a globally consistent map with details

across various levels.
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Fig. 3. A visualization of pixels used for initialization. In the error map,
red regions indicate high-error areas. In the right-most image, red points
represent pixels used for error compensation, while blue points correspond
to pixels in geometry- or texture-complex regions.

3.1 Tracking
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3.2 Hierarchical Gaussian Management
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Fig. 4. The high-level concept of MOHV. It updates and queries multi-level
voxels up to a given level I to maintain Gaussian distributions for capturing
details at various levels.
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3.3 Global Consistency Optimization
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Fig. 5. High-level concept of optimization view selection. Our method sam-
ples local views based on covisibility, and global views based on their L1
error values and distance to the current view.
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4 Experiments
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4.3 Mapping and Rendering Quality
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Table 1. Comparison of reconstruction rendering quality on different
datasets. Bold refers to the best across all categories and green refers to
the best of each category. Numbers of RTG-SLAM (Replica), GS-ICP (TUM
and Replica) and Photo-SLAM (TUM and Replica) are taken from their
original papers. Other numbers are calculated through their released codes.
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Table 2. Tracking accuracy of different monocular baselines and our meth-
ods. Numbers represent absolute trajectory error (ATE) root mean square
error (RMSE) in cm. All baseline numbers are taken from their original paper
except Hi-SLAM2 (TUM) and MonoGS (Replica) since they didn’t include
those trajectory accuracy in their paper.
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Table 3. Speed performance of different methods. Numbers represent frames
per second (FPS).
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Table 4. Time breakdown of each component. The reported numbers repre-
sent the percentage of time consumed by each component relative to the
overall process. "Others" primarily includes data transfer and preprocessing
operations.
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4.5 Speed Performance
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Table 5. Ablation studies of our Gaussian management module. Numbers
are averaged from all Aria sequences. Bold refers to the best and underline
refers to the second best.
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Fig. 6. Ablation studies of Gaussian management module. MOHYV refers to
Multi-level Occupancy Hash Voxels and EC refers to Error Compensation.
Zoom in for details.
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Table 6. Ablation studies of our global consistent optimization module. Bold
refers to the best.
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Table 7. Comparison of rendering quality on reconstructed maps with dif-
ferent tracking systems and offline 3DGS on Aria sequences. PR. refers to
the post-refinement process. PR. steps in offline 3DGS refers to the total
optimization steps.
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4.7 Alternative Tracking Systems
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4.8 Post Refinement
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Fig. 7. Qualitative comparison on Aria captured sequences. Our method captures finer details, while other baselines produce over-blurred results. Notably,
even after applying K post-refinement steps for the baselines, they still exhibit poorer details compared to our method. This demonstrates that high-quality,
fine-level details cannot be achieved solely by increasing the number of optimization iterations. Zoom in for more details.
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Fig. 8. Qualitative comparison on Replica dataset.
» GS Sp S S ars W
( Psxfimmn) ( Psrfimmn) ( Psrfimmn) :
Fig. 9. Qualitative comparison on TUM dataset.
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Fig. 10. Qualitative comparison of our methods with different tracking systems and offline 3DGS method. PR. refers to the post-refinement process.
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Fig. 11. Ablati ies of global vi . . . .
'8 blation studies of global view optimization Fig. 12. Ablation studies of camera refinement.
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