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A APPENDIX

A.1 PRELIMINARIES

We discuss semantic distillation in radiance fields.

Semantic Distillation. Prior work (Zhi et al., 2021; Kobayashi et al., 2022) has explored distilling
semantic information from foundation models into NeRFs and GS for open-vocabulary semantic
segmentation, object localization, and scene-editing. We limit our discussion to distillation methods
that learn a neural field (Kerr et al., 2023), due to their generality to both NeRFs and GS and faster
training/inference speeds (Shorinwa et al., 2024a). Neural semantic distillation methods train a
semantic field f : R3 7! Rd mapping a 3D point to a d-dimensional semantic embedding. In general,
these methods leverage hashgrid encodings (Müller et al., 2022) to learn varying resolutions of
semantic detail. The semantic field is trained simultaneously with the radiance field with direct
supervision by the ground-truth embeddings from the teacher network, e.g., CLIP/DINO.

A.2 EVALUATION SETUP

We provide additional details on the task and evaluation setup.

Datasets. We consider nine scenes across three benchmark datasets in open-vocabulary semantic
localization in radiance fields and a robotics-centric dataset. Specifically, we evaluate the distilled
semantic features in the Ramen, Teatime, and Waldo kitchen scenes in the LERF dataset (Kerr et al.,
2023); the Bed, Covered Desk, and Table scenes in the 3D-OVS dataset (Liu et al., 2023); and the
Office, Kitchen, and Drone scenes in the robotics dataset (Shorinwa et al., 2025). While the 3D-OVS
dataset is limited to primarily small-scale scenes, the LERF and robotics datasets provide broader
coverage over both relatively small-scale and large-scale scenes. Moreover, whereas the LERF and
3D-OVS datasets were primarily collected using a smartphone camera, the robotics dataset was
collected using cameras onboard a drone and quadruped. We represent each dataset using a unique
icon in the subsequent figures.

Implementation. We train a GS and NeRF representation per scene using the camera poses provided
with the datasets for 30000 iterations within the Nerfstudio framework (Tancik et al., 2023). To
extract visual-geometry semantics, we use the official VGGT checkpoints provided by the authors
of (Wang et al., 2025). Likewise, we extract visual-only semantics from DINOv2 (Oquab et al.,
2023) and DINOv3 (Siméoni et al., 2025) using their official checkpoints and use the CLIP ResNet
model RN50x64 for language semantics. We train the radiance fields on an Nvidia L40 GPU with
48GB VRAM, although we emphasize that in many cases, the GPU memory is not the main compute
bottleneck in our implementation. In fact, preliminary experiments were conducted on an Nvidia
GeForce RTX 4090 GPU with 24GB VRAM.

Metrics. We evaluate the relative performance between spatially-grounded and visual-only semantics
using task-specific metrics. For semantic content analysis, we use the geometric fidelity factor (GFF)
metric (see Section 4). For semantic object localization and radiance field inversion, we use the
perceptual metrics SSIM, PSNR, and LPIPS (see Section 5), and the SE(3) error with rotation in
degrees and translation in meters (see Section 6), respectively. We compute these metrics across 100
novel (unseen) camera poses in most scenes. In the 3D-OVS dataset, we use the training camera
poses due to the limited scene coverage.

A.3 ADDITIONAL SEMANTIC CONTENT RESULTS

Below, we include visualizations for the PCA and segmentation experiments, sampling one or two
camera views from each scene.
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Figure 7: Semantic content of distilled features visualized for GS for the 3D-OVS table scene.
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Figure 8: Semantic content of distilled features visualized for GS for the 3D-OVS bed scene.
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Figure 9: Semantic content of distilled features visualized for GS for the 3D-OVS covered desk
scene.
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Figure 10: Semantic content of distilled features visualized for GS for the drone scene.
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Figure 11: Semantic content of distilled features visualized for GS for the quadruped kitchen scene.
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Figure 12: Semantic content of distilled features visualized for GS for the quadruped office scene.
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Figure 13: Semantic content of distilled features visualized for GS for the LERF teatime scene.
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Figure 14: Semantic content of distilled features visualized for GS for the LERF ramen scene.
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Figure 15: Semantic content of distilled features visualized for GS for the LERF kitchen scene.
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Figure 16: Semantic content of distilled features visualized for NERF for the 3D-OVS table scene.
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Figure 17: Semantic content of distilled features visualized for NERF for the 3D-OVS bed scene.
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Figure 18: Semantic content of distilled features visualized for NERF for the 3D-OVS covered desk
scene.
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Figure 19: Semantic content of distilled features visualized for NERF for the drone scene.
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Figure 20: Semantic content of distilled features visualized for NERF for the quadruped kitchen
scene.
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Figure 21: Semantic content of distilled features visualized for NERF for the quadruped office scene.
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Figure 22: Semantic content of distilled features visualized for NERF for the LERF teatime scene.
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Figure 23: Semantic content of distilled features visualized for NERF for the LERF ramen scene.
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Figure 24: Semantic content of distilled features visualized for NERF for the LERF kitchen scene.
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Gsplat 3d_ovs_tableFigure 25: GFF of visual-geometry and visual-only features visualized for GS for the 3D-OVS table
scene.
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Figure 26: GFF of visual-geometry and visual-only features visualized for GS for the 3D-OVS bed
scene.
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Figure 27: GFF of visual-geometry and visual-only features visualized for GS for the 3D-OVS desk
scene.
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Gsplat droneFigure 28: GFF of visual-geometry and visual-only features visualized for GS for the drone scene.
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Gsplat quadruped_kitchenFigure 29: GFF of visual-geometry and visual-only features visualized for GS for the quadruped
kitchen scene.
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Figure 30: GFF of visual-geometry and visual-only features visualized for GS for the quadruped
office scene.
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Gsplat lerf_teatimeFigure 31: GFF of visual-geometry and visual-only features visualized for GS for the LERF teatime
scene.
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Gsplat lerf_ramenFigure 32: GFF of visual-geometry and visual-only features visualized for GS for the LERF ramen
scene.
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Gsplat lerf_kitchenFigure 33: GFF of visual-geometry and visual-only features visualized for GS for the LERF kitchen
scene.
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Nerf 3d_ovs_tableFigure 34: GFF of visual-geometry and visual-only features visualized for NERF for the 3D-OVS
table scene.
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Figure 35: GFF of visual-geometry and visual-only features visualized for NERF for the 3D-OVS
bed scene.

RGB DINOv2 DINOv3 VGGT

0.1

0.2

0.3

0.4

Nerf 3d_ovs_covered_desk

$%

Figure 36: GFF of visual-geometry and visual-only features visualized for NERF for the 3D-OVS
desk scene.
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Nerf droneFigure 37: GFF of visual-geometry and visual-only features visualized for NERF for the drone scene.
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Nerf quadruped_kitchenFigure 38: GFF of visual-geometry and visual-only features visualized for NERF for the quadruped
kitchen scene.
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Figure 39: GFF of visual-geometry and visual-only features visualized for NERF for the quadruped
office scene.
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Nerf lerf_teatimeFigure 40: GFF of visual-geometry and visual-only features visualized for NERF for the LERF
teatime scene.
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Nerf lerf_ramenFigure 41: GFF of visual-geometry and visual-only features visualized for NERF for the LERF ramen
scene.
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kitchen scene.

A.4 ADDITIONAL SEMANTIC LOCALIZATION RESULTS

Below, we include semantic localization visualizations, sampling one or two camera views from each
scene.
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Figure 43: Quantitative results for the three metrics (SSIM, PSNR, LPIPS) of semantic object
localization across each scene.
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Figure 44: Semantic object localization visualized for GS for the 3D-OVS table scene.
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Figure 45: Semantic object localization visualized for GS for the 3D-OVS bed scene.
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Figure 46: Semantic object localization visualized for GS for the 3D-OVS covered desk scene.
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Figure 47: Semantic object localization visualized for GS for the drone scene.
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Figure 48: Semantic object localization visualized for GS for the quadruped kitchen scene.
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Figure 49: Semantic object localization visualized for GS for the 3D-OVS bed scene.

RGB DINOv2 DINOv3 VGGT%$

$

%

&

Gsplat lerf_teatime

Figure 50: Semantic object localization visualized for GS for the LERF teatime scene.
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Figure 51: Semantic object localization visualized for GS for the LERF ramen scene.
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Figure 52: Semantic object localization visualized for GS for the LERF kitchen scene.
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Figure 53: Semantic object localization visualized for NERF for the 3D-OVS table scene.
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Figure 54: Semantic object localization visualized for NERF for the 3D-OVS bed scene.
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Figure 55: Semantic object localization visualized for NERF for the 3D-OVS covered desk scene.
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Figure 56: Semantic object localization visualized for NERF for the drone scene.
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Figure 57: Semantic object localization visualized for NERF for the quadruped kitchen scene.
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Figure 58: Semantic object localization visualized for NERF for the 3D-OVS bed scene.
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Figure 59: Semantic object localization visualized for NERF for the LERF teatime scene.

37


	Introduction
	Related Work
	Preliminaries
	Visual-Geometry Semantics in Distilled Radiance Fields
	Semantic Localization
	Inverting Radiance Fields
	Experiments
	Evaluation Setup
	Semantic Content of Distilled Features
	Semantic Object Localization
	Inverting Radiance Fields

	Conclusion
	Limitations and Future Work
	Appendix
	Preliminaries
	Evaluation Setup
	Additional Semantic Content Results
	Additional Semantic Localization Results


