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Introduction

ØWhy unsupervised pose estimation?

- vast in-the-wild data for generalization 
- annotate 3D data remains costly

Motion Capture Environment In-the-wild

* Mykhaylo Andriluka, et al. 2D Human Pose Estimation: New Benchmark and State of the Art Analysis. CVPR2024.

Problem Definition – 3D HPE
𝑋 = 𝜙 𝐼

Given an input image 𝐼, determine a set of joints 𝑋 ∈ ℝ!×#. 
J represents the number of joints.
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Introduction

ØWhy mask as supervision?

For human, we can easily 
estimate keypoints from masks

u Rich priors embedded in mask

u Human priors already acquired

？
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Introduction

ØWhy mask as supervision?
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ØCoarse-to-fine framework
ØStructure prior and shape constraint
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𝒑

𝑑!

𝒙 𝒋𝒃

𝒙 𝒊𝒃
𝑑

𝐵

Calculate Distance Activation Bone Sketch
𝑑!

𝑩𝒃 = 𝑒𝑥𝑝(−𝑑!# (𝒑, 𝒙 𝒊𝒃 , 𝒙 𝒋𝒃 )/ 𝜎#)

for each pixel

𝒑

𝑑!

𝒙 𝒋𝒃

𝒙 𝒊𝒃

𝑀3456 𝑥 = ,
!78

9

𝐵!(𝑥)

𝑩𝒃 = 𝑒𝑥𝑝(−𝑑!: (𝒑, 𝒙 𝒊𝒃 , 𝒙 𝒋𝒃 )/ 𝜎:)

𝜎 is a hyper-parameter controlling bone width.
The line segment defined by bone (𝑥$, 𝑥%). 
Skeleton Mask 𝑀&'() is from all bone maps via 
   pixel-wise summation.

Skeleton Mask
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𝑀;<=>? 𝑥 = 𝜓(𝑀3456 𝑥 )

𝜓 is implemented by a U-Net ended with a sigmoid 
function to make 𝑀;<=>? ∈ (0,1)

Physique Mask Loss Function

ℒ = 𝜆@ 𝐺 ⊙ 𝑀AB −𝑀3456 𝑥 :

:
+ 𝜆C 𝐺 ⊙ 𝑀AB −𝑀DE@F 𝑥 :

:

Geodesic Distance, denoted as 𝐺, can be computed using the fast 
marching method  

with mask centroid as zero point.
𝑀AB is the given ground truth mask as supervision.
𝜆 is the balancing factor for loss.
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Experiments

SPP-based Method
Step1: Predict landmarks ℝ!×#(𝐿 ≥ 2 × 𝐽)

Step2: Train a mapping network 𝜃: ℝ!×# → ℝ$×#

- Ignore left-right reversal problem

- Involve human annotation

Quantitative Results
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Experiments

Quantitative Results

Ablation Study

!/#
Structural Prior

$%&'()*$'+
Post Processing

%,$%&'()*$'+
Ours

- Effectiveness of Skeleton Mask

- Effectiveness of Physique Mask 
and the rest components
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Experiments

Leveraging In-the-wild Data



Thanks!


