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APPLICATIONS - SHAPE REGISTRATION
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[Pomerleau et al. 2015]

autonomous driving robotics

dynamic reconstruction shape completion

[Lu et al. 2019]

[Yao et al. 2024] [Halimi et al. 2020]



MOTIVATION - CROSS-MODALITY REGISTRATION
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1. Cross-modality data having different representations, e.g., densities, textures, ...

2. Develop a holistic framework to deal with cross-modality registration

3. Consider three common modalities including LiDAR, Kinect, and MVS

LiDAR Kinect MVS



MOTIVATION - CROSS-MODALITY REGISTRATION

4LiDAR Kinect MVS

Observations: different representations BUT similar geometric structures

How to define geometric structures?



MOTIVATION - CROSS-MODALITY REGISTRATION

5LiDAR Kinect MVS

Observations: different representations BUT similar geometric structures

How to define geometric structures?

Clustering



METHOD - UNSUPERVISED CLUSTERING
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Formulate cross-modality registration as an unsupervised clustering problem
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Fuzzy clustering to discover similar structures

Multi-scale moment

 Moment difference

 Clustering centroids Fuzzy degree member

METHOD - UNSUPERVISED CLUSTERING
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Fuzzy clustering to discover similar structures

METHOD - COARSE REGISTRATION

Coarse registration
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METHOD - FINE REGISTRATION

Formulate fine point-wise alignment still as an unsupervised clustering process 

source target 



10

METHOD - FINE REGISTRATION

source target 
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METHOD - FINE REGISTRATION

Fuzzy degree member

Objective function
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METHOD - FINE REGISTRATION

Objective function

Analytical closed-form solution
             (all unknowns) 

Fast alternative optimization
      (coordinate descent) 
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coarse 

METHOD – CROSS-MODALITY REGISTRATION

fine discover structure similarity

Formulate cross-modality registration as an unsupervised clustering problem
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METHOD - RELATION WITH ICP
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RESULTS - SYNTHETIC TEST
 

noise & outlier test
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RESULTS - SYNTHETIC TEST
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RESULTS - LiDAR & MVS
 

Align real-world LiDAR data to MVS data  

Real-world Helsinki outdoor dataset [Peng et al. 2014]
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RESULTS - LiDAR & KINECT 

Real-world 3DCSR indoor dataset [Huang et al. 2019]
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RESULTS - LiDAR & KINECT 

Real-world 3DCSR indoor dataset [Huang et al. 2019]
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RESULTS - LiDAR & KINECT 

Real-world 3DCSR indoor dataset [Huang et al. 2019]
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RESULTS - SAME MODALITY 

The Stanford 3D scanning repository 
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RESULTS - SAME MODALITY 

 ModelNet 40  
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RESULTS - INVESTIGATION OF THE FUZZIER 

1. As       increases, iterations increase, rotation error decreases

2. Recommend                              in use
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LIMITATIONS & FUTURE WORK
 

• Boost the efficiency with parallel optimization 

• Compile more cross source data

• Extend to non-rigid scenarios using unsupervised clustering
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CONCLUSION 

• Take structure similarity handling cross-modality registration 

• Formulate cross-modality registration (coarse&fine) as a clustering process

• Demonstrate impressive performance on common data modalities 
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