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interpolation methods are based on the assumption that the surface is smooth and continuous, only
considering the spatial correlation between the sampling point and the interpolated point, while
ignoring the influence of heterogeneous distribution of elevations in areas with breaklines. This
causes the elevation around the breaklines to be smoothed, and distorts the constructed DEMs.
Methods: Therefore, this study proposes a multivariate radial basis function interpolation
methodthat takes into account spatial heterogeneity. This method couples three kinds of terrain
information, including spatial distance, height difference, and normal vector, and fully considers the
spatial correlation and heterogeneity between the sampling point and the interpolated point. Results:
Taking 10 public datas provided by ISPRS and 1 airborne LiDAR point cloud data as examples, we
compared the proposed method with the interpolation method that considers the structural tensor
constraint, and three traditional interpolation methods including standard Radial Basis Function
(RBF), Triangulated Irregular Network (TIN), Australian National University Digital Elevation
Model(ANUDEM). Results show that the average total error of the method in this paper is the
smallest, the interpolation performance is the best, and it can better maintain terrain features in the
breakline area. Conclusions: In short, the quality of the treatment of breakline terrain largely affect
the authenticity and accuracy of the DEM's terrain expression. The proposed method can effectively
capture the spatial distribution characteristics of breakline terrain, which is conducive to achieving
high-quality DEM modeling.
Key words: radial basis function interpolation; breakline; multivariate kernel function; spatial
heterogeneity
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Tab. 1 Statistical information of the datasets

FEX HEFEE oz s DX AR ha R EE pts/m? AR AR HEZEIm TR R /m
sl1 19607 2179 4.053 2.103 29.22 355.9
s21 9076 1009 1.431 2.521 0.81 289.8
s22 20253 2251 3.404 2.442 2.81 294.3
s23 11901 1322 3.011 1.691 5.72 298.3
s24 4891 543 0.892 2.102 5.25 298.1
s31 14000 1556 2.826 1.781 0.73 3111
s41 5041 561 1.751 3.844 3.51 298.7
s51 12555 395 9.992 0.343 15.20 270.5
s53 29690 3207 20.401 0.391 17.01 286.6
s61 30468 3386 22.392 0.422 7.13 303.1
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Tab. 2 RMSE, MAE of the proposed and other methods when applied to the ISPRS samples (m)

R BEREER J5i 11 s21  s22  s23  s24 31 s41  s51  s53  s-61  Average

TIN 0.633 0.063 0.165 0.458 0.576 0.065 0.395 0.153 1.285 0.235 0.403

ANUDEM 0.604 0.070 0.240 0.402 0.506 0.065 0.549 0.131 1.442 0.241 0.425

RMSE RBF 0.555 0.141 0.182 0.472 0.495 0.065 0.350 0.141 1.338 0.261 0.400

ST-RBF 0.550 0.067 0.164 0.380 0.482 0.065 0.314 0.145 1246 0.220 0.363

A 0550  0.070 0.160 0.375 0.480 0.065 0.262 0.130 1.114 0.211  0.341

TIN 0.342 0.075 0.095 0.223 0.172 0.048 0.117 0.114 0.393 0.126 0.171

ANUDEM 0.348 0.075 0.096 0.170 0.177 0.055 0.142 0.103 0.416 0.134 0.172

MAE RBF 0.339 0.074 0.090 0.191 0.182 0.045 0.112 0.112 0430 0.129 0.170

ST-RBF 0.307 0.050 0.077 0.148 0.155 0.045 0.103 0.093 0.307 0.101 0.139

Ak 0265 0.056 0.069 0.141 0.148 0.044 0.081 0.085 0.303 0.095 0.129
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Fig.5 Comparison of RMSEs and MAEs of DEM constructed by each method at different terrain
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Fig.7 Slope generated by each interpolation DEM
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