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Abstract: The quality of coordinate transformation is influenced by geometric position distribution and
measurement errors of common points. In order to improve the effectiveness of coordinate transformation,
a method for selecting common points that takes into account position distribution and measurement preci-
sion 1s designed. Firstly, robust estimation method is adopted to process the data and eliminate gross er-
rors. Secondly, centroid the remaining homonymous points, divide them into multiple sets of points based
on different quadrants, calculate the projection length of the homonymous points on the central axis of their
respective quadrants, and sort them. Proportionally select the points with larger projection lengths in the
point sets as the points to be sampled. Thirdly, traverse the set of points to be sampled and extract homon-
ymous points, calculate the conversion precision and coefficient matrix condition number of each group of
points. Finally, take the combination with the highest internal compliance accuracy among the smaller

number of conditions as the common points. The performance of the method is verified by simulation ex-
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periments and case analysis. The results show that compared with references [ 24 ] and [ 28], the proposed

method has better compliance accuracy in both internal and external. The quality of coordinate transforma-

tion of this method is higher, and it has robustness.
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Fig. 1 Distribution of homonymous points
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Tab.1 Coordinates of inspection points
Point name X/m Y/m Z/m
C, 30. 500 30. 500 30. 500
C, —30. 500 30. 500 30. 500
C —30. 500 —30. 500 30. 500
C, 30. 500 —30. 500 30. 500
Cs 30. 500 30.500  —30.500
C —30. 500 30.500  —30.500
C, —30.500 —30.500  —30.500
Cq 30. 500 —30.500  —30.500
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Fig.2 Geometric position distribution of control points
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Tab.3 Result of coordinate transformation

Method Number Point number AVE(S)/m Cond(B) W, o,/m  oy/m  o../m  E/rad  E'/rad
LS 60 1~60 4.194 5 0.85 0.062 0.022 0.062 0.002 0.021
Reference [ 11] 60 1~60 4.194 5 0.85 0.063 0.022 0.063 0.002 0.021
Reference [12] 60 1~60 4.194 5 0.85 0.063 0.020 0.063 0.002 0.020
Reference [ 24 ] 8 2,12,18,36,43,49,51,53 5.061 5 0.55 0.041 0.112 0.075 0.010 0.080
Reference [ 28] 8 11,13,21,23,49,51,52,53 6.174 10 0.23 0.049 0.077 0.076 0.007 0.121
8 11,21,23,25,48,51,52,55 6.777 8 0.51  0.035 0.059 0.074 0.004 0.083

Proposed method 11,15,18,20,23,29,30,32,
16 38.43,47.50, 51,55, 56,60 4.885 6 0.74 0.045 0.055 0.067 0.005 0.065
Only consider o, 8 11,21,29,37,41,45,49,56 4.578 7 0.50 0.017 0.161 0.088 0.019 0.222
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Tab.4 Result of coordinate transformation

Method Number Point number AVE(S)/m Cond(B) W, o./m o,/m o../m E/rad E'/rad
LS 60 1~60 4.197 5 0.85 0.071 0.029 0.064 0.003 0.041
Reference [ 11] 60 Sk 11(X, Z) .23(X) .51(X) 4.197 5 0.85 0.064 0.029 0.064 0.003 0.041
Reference [12] 60 SR 11(X,Z) . 23(X) 51(X) 4.197 5 0.85 0.064 0.019 0.064 0.002 0.032
Reference [ 24 ] 8 2,12,18,36,43,49,51,53 5.083 6 0.55 0.067 0.112 0.077 0.012 0.089
Reference [ 28] 8 11,13,21,23,49,51,52,53 6.197 10 0.23 0.097 0.171 0.084 0.021 0.275
8 3,15,18,32,41,43,50,56 4.298 6 0.59 0.033 0.087 0.072 0.010 0.080

Proposed method 1,2,8,10,15,16,18,31,41,
16 4.225 5 0.76 0.046 0.070 0.068 0.008 0.072

43,45,49,50,53,56,58
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Tab.5 Result of coordinate transformation

Method Number Point number AVE(S)/m Cond(B) W,, o,/ mm o¢,,/mm

LS 65 1~65 66.59 263 0.95 0.39 0. 38
Reference [11] 65 MBR 2(13,15),Y(55,56,57) 66.59 263 0.95 0.37 0.37
Reference [ 12] 65 1~65 66. 59 263 0.95 0. 37 0.37
Reference [ 24 ] 8 4,6,22,25,29,31,59,62 67.90 280 0. 50 0.25 0.57
8 5,6,17,20,37,40,51,59 70.91 218 0. 57 0.24 0.46

Proposed method 3,5,6,8,17,19,20,21,37,
16 39.40.49.51.54.59.60 71.19 224 0.77 0.27 0.44
Only consider o, 8 19,23,34,39,41,43,45,49 64. 86 1220 0.23 0.12 0.96
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