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Motivation

• Geometric inconsistency
Misalignment across frames when projecting depths to 3D space.
• Scale inconsistency
Sliding window scheme, depth scale varies between windows. 

Two Types of Inconsistencies in current video diffusion-based depth estimation methods:
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Observation:
• Video depths contain inherent geometry constraints across frames.
• Iterative diffusion denoising process is similar to the traditional iterative geometric optimization process.

Geometry Guidance (Intra Window)

• Input: predicted clean depth at each denoising step

• Backward guidance process:

• Geometry Constraints as ℒ
video depths + off-the-shelf 2D tracking -> derived poses
depth reprojection loss + tracking loss + surface normal loss

• Interleaved Diffusion and Geometric Optimization Scheme:
Denoising -> Geometry optimization … -> Denoising -> Geometry optimization

1)

2)
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Scale Guidance (Cross Window)

• Existing method: initialize overlap region with last window prediction (Before denoising) -> Not Enough !!
• Key insight: Impose explicit scale regularization during denoising process

• Forward Diffusion Guidance

1)

2)

• Computation of  𝒵!"#$%&'

MSE loss between 𝒵!"#$%&' and 𝒵()* as ℒ
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Overall Pipeline
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• A training-free solution based on Diffusion Posterior Sampling (Diffusion Guidance).

Noise prediction ó score function -∇!log 𝑝(𝑥) : ∇! log 𝑝(𝑥|𝑦) = ∇!log 𝑝(𝑥) + ∇!log 𝑝(𝑦|𝑥) (≈ ∇!log 𝑝(𝑦|𝑥") = −∇!!𝐿(𝑦, 𝑥"))

• A novel optimization framework, which interleaves diffusion denoising with conventional geometric and scale optimization 

for mutual enhancement.
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Geometric Consistency Scale Consistency

Effectiveness of DepthSync
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The full video is on the project homepage: https://yuejiangdong.github.io/depthsync/

https://yuejiangdong.github.io/depthsync/
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Long Video Depth Evaluation on Four Benchmarks Long Video Pose (Derived from Depth) 
Evaluation on ScanNet
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Ablation Study: 

Optimization in the denoising loop is better 

than pure post-optimization after diffusion.

Geometry Consistency

Qualitative Result
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Scale Consistency Qualitative Result
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Thank You!

DepthSync: Diffusion Guidance-Based Depth Synchronization 
for Scale- and Geometry-Consistent Video Depth Estimation


