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Abstract: Objectives: Linear regression model is a basic model in the field of geodesy. To consider the
structure of the coefficient matrix with the fixed column, the mixed least squares and total least squares
method is implemented. However, it is easily contaminated by outliers. The M-estimator results depend on
the initial value and are extremely prone to convergence badly. To increase the robustness, we propose two
algorithms with high breakdown points for linear regression errors—in-variables (EIV) models, namely, the
weighted total least median of squares (WTLMS) method and the weighted total least trimmed squares
(WTLTS) method. Methods: The two algorithms are extensions of traditional algorithms and use a more
general stochastic model. Their breakdown points are near 50% and the two algorithms have two equivariant
properties: scale equivariance and affine equivariance. The estimation formula of variance components is
given. Since their objective functions are not differentiable, WTLMS and WTLTS get the solutions by the
resampling algorithm and the feasible set algorithm in the EIV model respectively. Results: The results
show that: (1) The result of the M—estimator is biased heavily from the real line, while the two proposed al-
gorithms can obtain results close to the true value. Their performances are significantly better than M—esti-

mator in terms of root mean square error and standard deviation. The efficiency of the two algorithms is not
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high, which can be further improved when the results of the two algorithms are used as the nitial value of

the M-estimator. The breakdown points of the two algorithms are close to 50% in the real data, which is

extremely robust. (2) In the experiment of the LiDAR data, the performance of the proposed methods is

better than that of the M—estimator. Conclusions: The two proposed algorithms have outstanding robust-

ness, but their complexities are high and their efficiency is not ideal. We will focus to find an easy solution

with higher efficiency.

Key words: weighted total least median of squares; weighted total least trimmed squares; errors—in—variables

model; breakdown point; linear regression
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R1 MAHENSHMGETENSEITER

Table 1  Statistics of Estimated Parameters Without Outliers

VRS a, 4, 04, e,/ % a, O, da, €./ % Go
1 —0.999 58 0.008 12 0.008 13 100 4.999 53 0.023 28 0.023 28 100 0.040 15
2 —0.999 14 0.008 82 0.008 87 84.0 4.999 09 0.026 68 0.026 69 76.1 0.039 88
3 —1.001 12 0.018 11 0.018 15 20.1 4.997 66 0.050 20 0.050 25 21.5 0.038 97
4 —1.001 38 0.015 54 0.015 58 27.2 5.006 15 0.045 04 0.045 08 26.7 0.039 06
5 —0.999 32 0.009 32 0.009 34 76.1 4.999 45 0.028 36 0.028 37 67.4 0.040 36
6 —0.999 09 0.008 90 0.008 94 82.7 4.999 11 0.026 66 0.026 67 76.3 0.039 01
F2 MAHERSHMETENSITER
Table 2 Statistics of Estimated Parameters with Outliers
Tk a, o, 0., a, o, 0., 6o
1 —1.108 74 0.035 78 0.114 48 5.442 08 0.125 93 0.459 67 0.190 42
2 —1.042 09 0.061 01 0.074 12 5.164 68 0.237 22 0.288 78 0.056 53
3 —1.000 38 0.020 75 0.020 77 5.001 73 0.057 73 0.057 76 0.041 22
4 —1.001 65 0.017 68 0.017 74 5.006 95 0.048 70 0.048 73 0.040 63
5 —1.001 67 0.013 46 0.013 56 5.006 97 0.046 04 0.046 57 0.039 36
6 —1.002 78 0.014 28 0.014 55 5.010 79 0.050 09 0.051 24 0.041 69
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