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Abstract: A robust non-rigid registration approach with a t-distribution Mixture Model (TMM) was
proposed because point sets as Gaussian mixture model is vulnerable to the outliers and the data with
longer than normal tails. The Gaussian mixture model was extended to the student’s-t Mixture Model

by full data definition in the Expectation Maximazation(EM) frame, then the closed solutions of the
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parameter set of the t-distribution mixture model were solved by re-parameterization of the t-distribu-
tion mixture model in the EM algorithm. The priori-weight of each float point was calculated in EM
framework to reduce the effects of outliers and the data with longer than normal tails on the matching
results. The degree of freedom of each float point in the t-distribution mixture model was calculated to
change the probability density distribution, improve the robustness of the algorithm and avoid the
effect of estimating the outlier level of point sets that may bring additional errors. The conditional ex-
pectation function in t-distribution mixture model was added a regular item of point set, so that the
points have a feature of Coherent Point Drift (CPD). The simulation data show that the error from the
TMM-CPD is only one tenth of that from comparison algorithms. When the point sets are approximate ellipse
shape, tubular and three dimensions, the registration errors of TMM-CPD are only 42. 0%, 80. 1% and
77.5% of those using comparison algorithms, respectively. The experiments show that this non-rigid regis-
tration approach using the t-distribution mixture model has features of high-accuracy, good robustness com-
pared to other point set registration algorithms for point sets containing outliers and data with longer than
normal tails.
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Fig. 1 Registration results of simulation data
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Tab.1 Proportions of abnormal points and registration errors
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5% 10% 15% 20% 25% 30%
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GMM-CPD 0.580 1.356 3.034 5.453 7.908 8.525

TPS-RPM  0.499 0.751 2.450 4.128 7.509 9.402
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Tab.2 Number of iterations and registration errors
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10 20 30 40 50 60
TMM-CPD 313.089 96. 745 18.653 4. 319 1. 170 0.594
GMM-CPD 258. 244 112.177 57.786 21.737 11. 144 8.525
TPS-RPM 296.095 131. 509 59. 964 33.593 18.993 9.402
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Fig. 2 TMM-CPD registration results with different iterations
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