
Scalable 3D Registration via Truncated 
Entry-wise Absolute Residuals 

Tianyu Huang1*, Liangzu Peng2*, René Vidal2, Yun-hui Liu1

1The Chinese University of Hong Kong, 2University of Pennsylvania



Background: Outlier-robust 3D Registration
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Existing Problem: Scalability & Efficiency

Method Robustness Efficiency Scalability

Alternating Minimization × √ √

RANSAC (Few Iterations) × √ √

RANSAC (Huge Iterations) √ × √

Semidefinite Programs √ × ×

Consistency Graph-based √ √/× ×

Outlier Removal √ × √

Deep Learning-based √/× × ×



Our Contribution: Truncated Entry-wise Absolute Residuals

 Classical Robust Losses

 Our Truncated Entry-wise Absolute Residuals



Our Contribution: DoF Decomposition of  TEAR
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Our Contribution: Tight Bounding Functions

(Upper Bound)

(Lower Bound)

Bounds of (TEAR-1) in a given branch of r1 :

We choose the center      and let                         , then an upper bound can be computed as 

Let                        and we can compute bi ∈[bil, biu], then an lower bound can be computed as 



Experiments: TEAR Versus CM and TLS



Evaluation Experiments on Scalability and Efficiency



Evaluation Experiments on Real-world Datasets



Conclusion

 We formulate the outlier-robust 3D registration problem using the robust loss that we call TEAR, a 
shorthand for Truncated Entry-wise Absolute Residuals.

 We decompose TEAR into two subproblems of dimensions 3 and 2, respectively, which facilitates 
developing branch-and-bound implementations for globally optimal solutions.

 We derive upper and lower bounds that can be computed via solving a specific 1-dimensional 
problem in O(NlogN) time, where N is the total number of point pairs.

 Experiments demonstrate that our method can handle more than ten million point pairs with 99.8% 
random outliers, a setting in which no existing methods have been shown to succeed.
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