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APPLICATIONS — ELLIPSOID FITTING
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DEFINITION — ELLIPSOID FITTING

        Our objective:   Recognize the ellipsoid from noisy or outliers-contaminated data points 



TRADITIONAL METHODS 

Algebra                                                                 
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OUR METHOD — ELLIPSOID FITTING

        Relative-density-based outlier score——RDOS

is maybe an outlier 

is not an outlier



OUR METHOD — ELLIPSOID FITTING
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        Create an unit spherical surface based on RDOS



OUR METHOD — ELLIPSOID FITTING

        Use maximization likelihood for parameter estimation

 Model the sphere by Gaussian
Mixture Models 

 Probability distribution+data points——>maximization likelihood estimation （MLE） 

Model outliers by the
uniform distribution

w



OUR METHOD — ELLIPSOID FITTING

        Object: Minimize the negative log likelihood function 
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OUR METHOD — ELLIPSOID FITTING

        Solve for parameters by Expectation Maximization  

Use the Bayesian principle to update 
the posterior probability Update parameters by minimizing  
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OUR METHOD — ELLIPSOID FITTING

     Accelerate EM convergence by the vector epsilon algorithm 

Theorem[1]：Suppose              is the original sequence of EM,                is the new 
sequence generated by the vector epsilon EM, then 
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[1] Mingfeng Wang, Masahiro Kuroda, Michio Sakakihara, and Zhi Geng. Acceleration of the em algorithm using the vector 
epsilon algorithm. Computational Statistics, 23 (3):469–486, 2008.



EXPERIMENTS— ELLIPSOID FITTING

Experimental Evaluation



EXPERIMENTS— EM ACCELERATION 

200 points 500 points

800 points 1000 points

 EM is much faster for more fitting points or with higher accuracy requirement 



EXPERIMENTS— ROBUST AGAINST NOISE

 Our method is more robust against noise  



EXPERIMENTS— ROBUST AGAINST OUTLIERS

 Our method is more robust against outliers  



EXPERIMENTS— ROBUST AGAINST AXIS RATIO

 Our method is more robust against elongated ellipsoids  



EXPERIMENTS— APPLICATION FOR POINT CLOUDS

 Application of our method for real-world point clouds  



EXPERIMENTS— APPLICATION 

 Application of our method for medical data and magnetometer calibration  



EXPERIMENTS— APPLICATION 

 Application of our method for shape approximation  
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