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Abstract

We introduce Oxford Day-and-Night, a large-scale, egocentric dataset for novel
view synthesis (NVS) and visual relocalisation under challenging lighting con-
ditions. Existing datasets often lack crucial combinations of features such as
ground-truth 3D geometry, wide-ranging lighting variation, and full 6DoF motion.
Oxford Day-and-Night addresses these gaps by leveraging Meta ARIA glasses to
capture egocentric video and applying multi-session SLAM to estimate camera
poses, reconstruct 3D point clouds, and align sequences captured under varying
lighting conditions, including both day and night. The dataset spans over 30 km of
recorded trajectories and covers an area of 40,000 m2, offering a rich foundation
for egocentric 3D vision research. It supports two core benchmarks, NVS and
relocalisation, providing a unique platform for evaluating models in realistic and
diverse environments. Project page: https://oxdan.active.vision/

1 Introduction

Intelligent wearable devices like smart glasses are gaining traction in the research community.
Unlike bulky AR/VR headsets, their compact, lightweight design makes them more suitable for
everyday use. To become as essential as smartphones, smart glasses must perform reliably across
diverse environments, including challenging ones. A particularly tough scenario is outdoor low-light
conditions, which uniquely degrade 3D vision tasks such as reconstruction, novel view synthesis
(NVS), and visual localization due to poor signal-to-noise ratios. These tasks are key to interactive 3D
experiences, yet current methods struggle in such settings. This highlights the need for a large-scale,
egocentric 3D dataset tailored to low-light environments.

Existing 3D datasets, typically captured with handheld or vehicle-mounted cameras, provide diverse
imagery but lack the combination of natural head motion, color, and full-day lighting variation, which
are keys for all-day-long egocentric applications. Driving datasets like Oxford RoboCar [1] and
CMU [2] offer large-scale, varied scenes including night, but are mostly limited to planar motion,
unsuitable for agile head movements. Handheld datasets such as Cambridge Landmarks [3] and
InLoc [4] offer more pose variation but limited lighting diversity. Aachen Day-Night [5] targets
night-time localization but includes few night queries. LaMAR [6] provides egocentric day-night
data, but its grayscale headset imagery limits suitability for color-dependent consumer applications.

To overcome limitations in existing datasets, we present Oxford-Day-and-Night, a large-scale video
dataset captured across five locations in Oxford at various times of day. Spanning 30 kilometers
and 40,000 m2, it complements current datasets to provide a more comprehensive benchmark for
3D vision. This dataset is enabled by two key components: the Meta ARIA glasses and the Oxford
Spires dataset [7].

Meta ARIA glasses are compact, sensor-rich devices equipped with grayscale and RGB cameras,
IMUs, GPS, and more, enabling seamless and accurate data collection. Their built-in visual Simul-
taneous Localization and Mapping (SLAM) system ensures robust, multi-session camera tracking

39th Conference on Neural Information Processing Systems (NeurIPS 2025) Track on Datasets and Benchmarks.

https://oxdan.active.vision/
https://facebookresearch.github.io/projectaria_tools/docs/tech_spec/hardware_spec


Multi-session Day & Night Egocentric Recordings

Multi-session SLAM TrajectoriesMulti-session SLAM Points Aligned With Laser GT

Meta ARIA

Figure 1: Overview of the Oxford-Day-and-Night Dataset at Example Scene Bodleian. Our
dataset captures egocentric sequences across five locations in Oxford under diverse lighting conditions
using Meta ARIA glasses. Top-left: Sample fisheye camera views across day and night recordings.
Bottom-left: multi-session SLAM points aligned with high-quality laser ground truth. Right: Multi-
session SLAM trajectories visualized on a satellite map, demonstrating consistent camera tracking
across varying times of day. The dataset enables testing of challenging benchmarks for novel view
synthesis and visual relocalization under extreme illumination changes.

and 3D reconstruction under dramatic lighting changes and city-scale settings. This multi-session
SLAM system is the key component in creating our dataset, automating camera pose annotation
for challenging night sequences at large scale. As a result, our video recordings cover 30 km and
40,000 m2 areas in day and night settings, all paired with accurate camera poses and point cloud
derived from the SLAM system.

Complementing this multi-session SLAM output, the Oxford Spires [7] dataset offers high-quality
3D laser scans of various Oxford locations. By aligning ARIA recordings with these scans, we
both validate the accuracy of the ARIA data and offer reliable 3D geometric ground truth to support
downstream tasks and benchmarking.

We benchmark two key 3D vision tasks using our dataset: novel view synthesis (NVS) and visual
relocalization. For NVS, Oxford-Day-and-Night presents a challenging, city-scale setting with
dramatic lighting variations, while the inclusion of ground-truth point clouds allows for quantitative
evaluation of reconstructed geometry. For visual relocalization, the dataset offers a large set of
nighttime query images (7197 in total), which is 37� larger than the Aachen night split (191 in
total), enabling rigorous testing of localization pipelines under extreme conditions. Our experiments
demonstrate that current state-of-the-art methods struggle on this dataset, exposing their limitations
and underscoring the value of our benchmark.

Our contributions are summarized as follows. First, We present Oxford-Day-and-Night, a large-scale
egocentric dataset featuring five urban scenes captured at multiple times of day with extreme illumi-
nation changes, along with their corresponding ground-truth point clouds. Second, We demonstrate
two primary use cases: (i) a NVS benchmark for city-scale scenes with photometric diversity and
geometry reference, and (ii) a visual relocalization benchmark featuring extensive night-time queries
for testing robustness under challenging conditions. Last, We evaluate state-of-the-art NVS and
relocalization methods on our dataset, revealing significant performance drops and underscoring the
value of our dataset in future research.
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Figure 2:Example Frames Captured at Different Lighting Conditions. The severe degradation in
visual quality from day to night highlights the dif�culty of consistent scene understanding, posing
signi�cant challenges for both novel view synthesis (NVS) and visual relocalization methods.

2 Related Work

3D Reconstruction Datasets.Evaluating 3D reconstruction algorithms relies on accurate ground
truth 3D models, which are typically obtained using methods such as SLAM, Structure-from-Motion
(SfM)[8, 9], Terrestrial Laser Scanners (TLS)[10, 11], or through synthetic data [12]. Early multi-
view stereo benchmarks like Middlebury [13] and DTU [11] used structured light scanners on
robotic arms to capture small objects, while TLS has been employed for large-scale indoor and
outdoor environments in datasets such as EuROC [10], ETH3D [14], Tanks and Temples [15], and
ScanNet++[16]. Recent SLAM datasets[17, 18, 19] have extended TLS-based ground truth capture
to outdoor settings, often integrating lidar for its robustness to lighting variation. These include
environments ranging from natural landscapes [20] to structured urban areas [19, 21, 7].

Despite their geometric precision, many existing datasets depend on heavy, bulky, or sensitive
equipment, which limits their ability to capture dynamic, agile camera motions, particularly from an
egocentric perspective. Our dataset addresses this gap by integrating TLS-derived ground truth from
Oxford Spires [7] with lightweight, wearable ARIA glasses. This combination enables high-�delity
3D geometry alongside rich egocentric video sequences recorded under diverse motion patterns and
lighting conditions, offering a valuable resource for advancing reconstruction under realistic and
challenging scenarios.

Novel View Synthesis Datasets.NVS relies on datasets with multi-view images and accurate
camera poses to enable the synthesis of novel viewpoints. Early datasets such as ShapeNet [22] and
DTU [11] focused on object-centric settings, offering clean imagery and precise poses but limited
diversity, often through synthetic renderings or controlled captures. As the �eld progressed toward
more realistic scenarios, datasets like Tanks and Temples [15], ScanNet [9], and RealEstate10K [23]
introduced real-world indoor and outdoor scenes with greater complexity in geometry and lighting.
LLFF [24] and NeRF [25] established canonical benchmarks for neural rendering, with densely
sampled forward-facing views, later extended to unbounded 360° captures in Mip-NeRF 360 [26].

More recent efforts have emphasized scale and diversity: CO3D [27] and Objaverse-XL [28] con-
tribute large-scale object-centric data for real and synthetic domains, while scene-level datasets like
Phototourism [29], MegaScenes [30], and DL3DV-10K [31] provide broader appearance variation
across lighting, weather, and time. However, a consistent limitation remains, datasets with accurate
ground-truth geometry are typically synthetic or limited in scale, while those offering visual diversity
often lack high-quality geometry and precise camera calibration. Our dataset addresses this gap by
combining large-scale real-world scenes, accurate ground-truth geometry, precise camera poses, and
broad day-to-night visual variation, supporting the training and evaluation of generalizable NVS
models under realistic conditions.

Visual Relocalization Datasets.Visual relocalization estimates a 6-DoF camera pose within a
known environment using image data. Existing datasets for this task are typically categorized as
indoor or outdoor, but each comes with notable limitations. Early indoor benchmarks such as 7-
Scenes [32] and 12-Scenes [33] focus on small, static spaces with RGB-D input, but their constrained
geometry and limited spatial coverage have led to performance saturation. Later efforts like InLoc [4],
Indoor6 [34], and the Hyundai Department Store dataset [35] introduced more realistic conditions,
featuring textureless surfaces, dynamic elements, and moderate illumination changes, but still fall
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