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Problem Definition

Autonomous Driving Rendering without Manual Labeling

➢ Input: Multi-view and multi-frame images and lidar points.

➢ Output: Any-view and any-frame Images.

➢ Note: Without any manually labeled object positions or poses.
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Related Work

Autonomous Driving Rendering with Manual Labeling

➢ Street-GS[1]: Apply Gaussians to model the scenes and objects in manual labeled boxes.

➢ 4DGF[2]: Make Gaussians deformable for each objects.

➢ Require precise manually labeled object positions and poses.



Related Work

Autonomous Driving Rendering without Manual Labeling

➢ EmerNeRF[3]: Self-Supervise rendering models with the features from DINO[4].

➢ PVG[5]: Fit the motions with trigonometric function and make Gaussians have life peaks.

➢ Unsatisfactory rendering quality.



Methods

Modeling Motion with B-Spline Curve

➢ Traditional methods use trigonometric functions and neural networks for motion fitting.

➢ These methods cannot offer local detail fiting, resulting in artifacts.

➢ B-splines only optimize the nearby control points of a given training sample rather 

than all points. ADD B-Spline functions could handle these problems.
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Methods

Modeling Motion with B-Spline Curve

➢ A 𝑘 order B-Spline curve with 𝑛 + 1 (𝑘 ≤ 𝑛) control points 𝑝𝑖 can be formulated as

➢ Similarly The quaternion B-Spline curve can be formulated as[6]

➢ The basic function can be quickly calculated through the matrix format[7].



Methods

Object-Aware Splatting with Temporal Mask

➢ Traditional methods split the scenes under noisy pseudo segmentations.

➢ Simplify the segmentation into to two class: objects and background.

➢ The points on an object will be deformed by the B-spline curves, otherwise they will be 

considered stationary.

➢ Render and self-supervise object mask through 𝛼-blending:
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➢ 1{𝑖 ∈ Ω} means whether the Gaussian represents an object.



Methods

Object-Aware Splatting with Temporal Mask

➢ Some objects like cars may not appear in all frames.

➢ Add a temporal visibility mask for the object Gaussians:
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➢ To make the object Gaussians appear as longer as possible, add a regularization term:
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➢ Δ𝑓 means the average time gap between two adjacent frames.



Methods

Self-Supervised Optimization

➢ Render and self-supervise the inverse depth map with shift-and-scale loss[8, 9]:
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➢ Render and self-supervise the optical flow:
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➢ Regularization makes nearby Gaussians have similar deformations and temporal masks:
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Pipeline

ℒ = (1 − 𝜆𝑐)ℒ1 + 𝜆𝑐ℒ𝐷−𝑆𝑆𝐼𝑀 + 𝜆𝑑ℒ𝑑 + 𝜆𝑓ℒ𝑓 + 𝜆𝑜𝑏𝑗ℒ𝑜𝑏𝑗 + 𝜆𝑠𝑘𝑦ℒ𝑠𝑘𝑦 + 𝜆𝑠ℒ𝑠 + 𝜆𝑟ℒ𝑟



Experiments



Experiments



Experiments



More details and experiments

Project page: https://jiaweixu8.github.io/AD-GS-web/
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