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Single-view 3D Hair Modeling
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Chai et al. 2016
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Previous Approaches 
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Domain Gap
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HairStep
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Motivation
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from Gabor Filters
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Overview
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HiSa Dataset & Strand Map
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Extraction of Strand Map

U-Net

Image Predicted Strand Map GT Strand Map
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HiDa Dataset & Relative Depth

Depth-in-the-wild
Relative depth

How to annotate depth of hair?
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HiDa Dataset & Relative Depth

1250 Images

177,074 Pixel Pairs

Sample Pairs in Neighbors of Super-pixels
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HiDa Dataset & Relative Depth

Annotation Tool

Group 1

Group 2

Group 3

129,079
Valid Annotation

（72.9%）
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Domain-Adaptive Depth Estimation
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Domain-Adaptive Depth Estimation

Input Image Depth Map
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Synthetic Depth for 3D Training

Domain Gap

Absolute location, size and range
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Single-View 3D Hair Modeling
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Single-View 3D Hair Modeling

HairStep

3D Hair Model
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NeuralHDHair
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Implicit orientation field

3D Hair Reconstruction
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Fair Metrics 

Only Comparisons of 

the Visual Quality

in Existing Methods

Wu et al. 2022

Saito et al. 2018
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Fair Metrics 

Reconstruct Render HairSale

HairRidaRender

Input Image 3D Strands Rendered Map GT Annotation
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HairSale

Mean Angle Error of Growing Direction 

Reconstruct Render HairSale



27

HairRida

The Relative Depth Accuracy 

Reconstruct Render HairRida
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Evaluation on the Extraction of Strand Map 

Image Orientation Map
(Gabor Filter)

Strand Map
(Predicted)

Strand Map
(GT)

HairSale⬆
（Undirected）

Gabor Filters 18.4

Ours 14.2

22.8% Better
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Evaluation on Depth Estimation

HairRida⬆ L1⬇

𝐷𝑒𝑝𝑡ℎ𝑝𝑠𝑒𝑢𝑑𝑜 80.47% /

𝐷𝑒𝑝𝑡ℎ𝑤𝑒𝑎𝑘 85.17% 0.2470

𝐷𝑒𝑝𝑡ℎ𝐷𝐴 85.20% 0.1768

Flat Geometry Serration-like Artifacts

Balance the local details of depth 
and the similarity of global shape 
to the synthetic prior
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Visual Comparisons with Existing Methods

NeuralHDHair* with HairStep

=

With Orientation Map



31

Visual Comparisons with Existing Methods
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NeuralHDHair* with HairStepWith Orientation Map
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Quantitative Comparisons on Representation  
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Visual Comparisons on Representation (NeuralHDHair*)

Image From Orientation Map From Strand Map From HairStep
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Visual Comparisons on Representation (NeuralHDHair*)

Image From Orientation Map From Strand Map From HairStep
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Visual Comparisons on Representation (NeuralHDHair*)

Image From Orientation Map From Strand Map From HairStep
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Visual Comparisons on Representation (Multi-view)  
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Ablation Study 

𝑪𝟎 suffers from the flat geometry of depth.

𝑪𝟏 gives worse alignment of hair growth.
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Ablation Study  

Image 𝑪𝟎 𝑪𝟎 𝑭𝒖𝒍𝒍
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Ablation Study  
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• A novel representation HairStep 

• Two datasets HiSa & HiDa for future research

• Fair metrics for single-view 3D hair modeling

Limitation

• No update for current pipeline of 3D hair modeling

• Fails on hairstyles with braid and complex curly pattern
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Conclusion
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The End

Thank You!
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