
ProDyG: Progressive Dynamic Scene Reconstruction via 

Gaussian Splatting from Monocular Videos

Shi Chen1, Erik Sandström2, Sandro Lombardi, Siyuan Li1, Martin R. Oswald3

1ETH Zürich, 2Google, 3University of Amsterdam

ProDyG

Online RGB Stream

t

Camera Tracking & Dynamic Scene Reconstruction

Legend
Est. Camera Trajectory

Dyn. Gaussian Trajectories



Motivation: What is needed for practical dynamic scene reconstruction?

• Monocular input

• Online operation

• Robust camera tracking against dynamic distractors

• Expressive scene representation

• Temporal consistency

• NVS of dynamic regions

• RGB-only
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ProDyG ticks all the boxes!
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✓ Monocular input

✓ Online operation

✓ Robust camera tracking against dynamic distractors

✓ Expressive scene representation

✓ Temporal consistency

✓ NVS of dynamic regions 

✓ RGB-only
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Method Overview

• Motion-Agnostic Online Camera Tracking

• Progressive Dynamic Scene Reconstruction
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Motion-Agnostic Online Camera Tracking

• Operates over a factor graph

• Iteratively refine coarse motion mask based on residual flow = optical flow – camera-induced flow

• Suppress confidence in potentially dynamic regions
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Motion Scaffolds (MoSca) [Lei 2024]

• Low-parametric motion field representation

• Composed of nodes with time-dependent positions & rotations and edges representing topology

• Motion of dynamic Gaussians computed by interpolating MoSca node motion using Dual Quaternion 

Blending (DQB)
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Progressive Construction of Motion Scaffolds

• We extend offline MoSca to online

➢ Extend 2D tracks into new frames

➢ Identify newly observed pixels

➢ Add new 2D tracks 

➢ Lift 2D tracks into 3D, and warp them backward in time using Motion Scaffolds

➢ Geometry & photometric optimization
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Tracking: Quantitative Results (ATE RMSE [cm])
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Tracking: Quantitative Results (ATE RMSE [cm])

• Type S: Static scenes
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Tracking: Quantitative Results (ATE RMSE [cm])

• Type S: Static scenes, Type R: Robust against dynamics
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Tracking: Quantitative Results (ATE RMSE [cm])

• Type S: Static scenes, Type R: Robust against dynamics, Type D: Dynamic reconstruction
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Tracking: Quantitative Results (ATE RMSE [cm])

• Type S: Static scenes, Type R: Robust against dynamics, Type D: Dynamic reconstruction

• ProDyG best among type D, and only slightly worse than WildGS-SLAM (R)   
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Novel View Synthesis: Quantitative Results

• Evaluated on the iPhone dataset [Gao 2022] from fixed test views

• ProDyG tested under 4 settings: with / without online tracking, RGB-D / RGB-only

• Beats Shape of Motion [Wang 2024] in PSNR and SSIM, and only marginally worse than MoSca [Lei 

2024], with extra constraints of online reconstruction and tracking

• Significantly better than DynOMo [Seidenschwarz 2024] which is the only online baseline method

• RGB-only still works reasonably well
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Novel View Synthesis: Qualitative Results

• Evaluated on the iPhone dataset [Gao 2022] 

• Dynamic objects reconstructed by ProDyG tend to show more accurate silhouettes
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More Visual Results as Videos (Bonn RGB-D)
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Thank you for listening!

Project page: https://cs-vision.github.io/ProDyG.github.io

or scan:

https://cs-vision.github.io/ProDyG.github.io
https://cs-vision.github.io/ProDyG.github.io
https://cs-vision.github.io/ProDyG.github.io
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