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In robotics and autonomous navigation, training AI models is challenging due to rare, edge cases. 

3D Digital Twins offer a simulation-based solution [1], utilizing Structure-from-Motion (SfM) [2] 

and 3D Gaussian Splatting (3DGS) [3] for high-fidelity scene reconstruction and rapid rendering. 

However, these methods are constrained by input quality; traditional CMOS sensors suffer from 

prohibitive read noise and motion blur in low-light conditions, leading to fragmented reconstructions. 

We demonstrate the first application of the Canon MS-500 SPAD sensor [4] for high-resolution 

3DGS in sub-lux environments, overcoming these fundamental sensing. 

 
Fig. 1: A real (left) evaluation frame from scenario 1 vs. matching reconstructed viewpoint (right). 

We recorded one-minute trajectories of a cluttered laboratory scene using the Canon MS-500 SPAD 

camera under two distinct lighting conditions. For each sequence, approximately 300 frames were 

processed using COLMAP [2]. Scene synthesis was performed via gsplat [5] for 30,000 iterations. 

To quantify reconstruction quality, every 8th frame was reserved as a hold-out set. We evaluated the 

model using Peak Signal-to-Noise Ratio (PSNR), Structural Similarity Index (SSIM), and Learned 

Perceptual Image Patch Similarity (LPIPS) [6]. Fig. 1 illustrates the high fidelity of the rendered 

view compared to the ground-truth evaluation frame, while Table 1 summarizes the quantitative 

performance. Interactive 3D visualizations of the reconstructions are available at the provided links.  

Table 1: Reconstruction results 

 Light Level PSNR SSIM LPIPS Results 

Scenario 1 0.5 lux 18.84 0.21 0.88 Link 

Scenario 2 1 lux 26.49 0.59 0.53 Link 

 

Funding acknowledgement 

This work was funded by the UK Hubs for Quantum Enabled Position, Navigation & Timing (UKRI 

EP/Z533178/1) and Quantum Sensing, Imaging and Timing (UKRI EP/Z533166/1). 

References 

[1] Y. Wang et al., "How Simulation Helps Autonomous Driving: A Survey of Sim2real, Digital Twins, and 

Parallel Intelligence," IEEE Transactions on Intelligent Vehicles, 2023. 

[2] J. L. Schönberger and J. M. Frahm, "Structure-from-Motion Revisited," IEEE CVPR, 2016. 

[3] B. Kerbl et al., "3D Gaussian Splatting for Real-Time Radiance Field Rendering," ACM Trans. Graph., 

2023. 

[4] K. Inoue et al., "A 3.2Megapixel Back-Illuminated Stacked Multi-Junction SPAD Image Sensor," IEEE 

ISSCC, 2023. 

[5] V. Ye et al., "gsplat: An Open-Source Library for Gaussian Splatting," arXiv preprint arXiv:2409.06765, 

2024. 

[6] R. Zhang et al., "The Unreasonable Effectiveness of Deep Features as a Perceptual Metric," IEEE CVPR, 

2018. 

https://superspl.at/scene/f29ae73b
https://superspl.at/scene/942149c6

