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Abstract

Reconstructing accurate 3D surfaces for street-view scenarios is crucial for appli-
cations such as digital entertainment and autonomous driving simulation. However,
existing street-view datasets, including KITTI, Waymo, and nuScenes, only offer
noisy LiDAR points as ground-truth data for geometric evaluation of reconstructed
surfaces. These geometric ground-truths often lack the necessary precision to
evaluate surface positions and do not provide data for assessing surface normals.
To overcome these challenges, we introduce the SS3DM dataset, comprising pre-
cise Synthetic Street-view 3D Mesh models exported from the CARLA simulator.
These mesh models facilitate accurate position evaluation and include normal
vectors for evaluating surface normal. To simulate the input data in realistic driving
scenarios for 3D reconstruction, we virtually drive a vehicle equipped with six
RGB cameras and five LiDAR sensors in diverse outdoor scenes. Leveraging
this dataset, we establish a benchmark for state-of-the-art surface reconstruction
methods, providing a comprehensive evaluation of the associated challenges. For
more information, visit our homepage at https://ss3dm. top.

1 Introduction

Reconstructing city-scale 3D meshes from street-view inputs is a challenging task in computer vision
and graphics. While recent methods based on 3D Gaussians [23} [56] and NeRFs [29, [54] offer
implicit proxies for novel view rendering, explicit mesh models remain indispensable for various
industrial applications, including mixed reality, robotics, and gaming. Furthermore, the increasing
use of closed-loop sensor simulations in autonomous driving scenarios [57} 52] has intensified the
demand for high-precision city-scale mesh reconstructions.

To analyze the challenges in street-view surface reconstruction and enhance existing algorithms,
it is crucial to benchmark these techniques using datasets that provide precise ground-truth mesh
models. However, recent evaluations [37, [16] heavily rely on sparse LIDAR points from publicly
available street-view datasets such as KITTI [10], Waymo [45], and nuScenes [S]. These evaluations
encounter two main limitations. Firstly, the presence of random floaters and irregularities in the
LiDAR points, caused by LiDAR sensor noise, hampers accurate geometric assessment. Secondly,
the absence of surface normal information in LiDAR points poses challenges in evaluating the
quality of reconstructed mesh models, since meshes with poor surface normal quality could appear
geometrically invalid or ill-shaped, despite exhibiting good point-wise distance accuracy.

To mitigate these limitations, we propose SS3DM, a synthetic dataset specifically tailored for surface
reconstruction of street-view outdoor scenes. SS3DM comprises meticulous ground-truth meshes
of streets, buildings, and objects, facilitating the evaluation of surface reconstruction outcomes.
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Figure 1: Overview of SS3DM: A 3D mesh dataset for benchmarking surface reconstruction of
street-view outdoor scenes. a) High-fidelity 3D mesh models are provided for accurate geometric
evaluation. b) SS3DM contains multi-view RGB video sequences which can be used as inputs for 3D
surface reconstruction, along with depth and semantic information. ¢) Multi-view LiDAR points are
also included as auxiliary inputs for 3D reconstruction. d) The street-view sequences are collected
from the CARLA simulator with on-car sensors.

In real-world outdoor scenarios, obtaining accurate meshes for complex street-view structures is
extremely challenging. In SS3DM, we address this challenge by developing a plugin that enables
the direct export of detailed and precise 3D meshes from eight scenes in the CARLA simulator, an
open-source driving simulator under MIT license. As illustrated in Figure 2] these precise 3D meshes
exhibit finer structures compared to the LiDAR points provided in existing street-view datasets. This
facilitates precise quantitative assessments of surface reconstruction methods.

The input data for street-view surface reconstruction in SS3DM consists of multi-view RGB and
LiDAR sequences obtained from a virtual car in the CARLA simulator. The sensor specifications are
simulated to align with advanced autonomous driving (AD) systems, as we believe they are suitable
for collecting input data for street-view reconstructions. Specifically, we equip the virtual car with
six RGB cameras and five LiDAR sensors (refer to Section B;flfor more details). The car follows
carefully planned routes, capturing a total of 28 sequences of varying lengths in eight different towns.
The scenes within the dataset exhibit a variety of structures such as buildings, pedestrian overpasses,
yards, fences, and poles, accurately reflecting real-world outdoor environments.

Leveraging the input data and mesh ground-truths, we conduct an extensive benchmark of state-of-the-
art surface reconstruction methods for street-view scenes. Our benchmark incorporates comprehensive
geometric evaluation metrics, including F-scores, Chamfer Distance, and Normal Chamfer Distance.
Based on the experimental results, we extensively discuss limitations of existing methods and analyze
the distinct challenges associated with street-view surface reconstruction.

To sum up, our contributions are twofold: 1) We introduce SS3DM, a synthetic dataset specifically de-
signed for street-view surface reconstruction, consisting of photo-realistic synthetic video sequences,
multi-view LiDAR points, and detailed ground-truth 3D meshes. 2) We extensively benchmark and
analyze state-of-the-art surface reconstruction methods for outdoor scenes using SS3DM, and point
out several outstanding directions, which are useful for developing future researches.
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Figure 2: Geometric ground-truths in Waymo (LiDAR points) and the proposed SS3DM (meshes).



	Introduction
	Related Works
	Street-View Datasets and Benchmarks
	Multi-View Surface Reconstruction Methods

	SS3DM Dataset
	Sensor Specifications
	Data Collection
	Exporting Ground-truth Mesh Models

	Experiments
	Evaluated Methods
	Evaluation Protocol
	Surface Reconstruction Results
	Discussion
	Future Directions for Street-View Surface Reconstruction

	Conclusion
	Acknowledgements
	Appendix
	Essential Dataset Details
	Visualization of Aligned LiDAR Points
	Evaluated Methods
	F-score Curves
	More Visualizations of the Dataset


