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Table 1 The results of data reduction

(a) The first measured point

Coordination /m (0,0,0) Error (8z% +8y* +682*)* /m
(—0.418,—2.639,—0.274) 2.686
(—0.419,0.790,1.011) 1. 349
Measurement results (—0.418,—0.903,0.667) 1.198
(—3.778,0.758,—0.001) 3. 853
(—1.266,—1.749,—0.424) 2. 200
(1.316,0.787,0.659) 1. 669
Method 1 (—0.611,—0. 648,0. 260) 0.927
Method 2 (—0.830,—0.493,0.273) 1. 003
Optimal value (—0.410,0.388,—0.001) 0. 564

(b) The second measured point

Coordination /m

(100. 000, —70. 000,10. 000)

Error (82 +38y" +82*)V%/m

(99.767,—68.078,10.219) 1. 949

(99.701,—69.352,9.851) 0.729

(99. 648,—70.378,12. 036) 2. 100

Measurement results

(101. 040,—69. 336,7. 664) 2.642

(100. 793, —69. 084,9. 866) 1. 219

(100. 626,—69. 321,9. 535) 1.035

Method 1 (100. 284,—69. 318,9. 864) 0. 752
Method 2 (100. 263, —69. 258,9. 862) 0.799
Optimal value (99. 825,—69. 812,9. 906) 0.274
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(¢) The third measured point
Coordination /m (—395. 000,60. 000,20. 000) Error (82 +8y* +85)Y* /m
(—393.962,58. 815,17. 316) 3.112
(—394.615,62. 228,18, 345) 2.802
Measurement results (—394.282,60. 486,16. 185) 3.913
(—398.176,62. 287,23. 882) 5.512
(—395.160,59. 830,21. 649) 1. 665
(—391.993,62. 158,22, 499) 4, 466
Method 1 (—394.611,60. 822,19. 980) 0.912
Method 2 (—394.698,60.967,19.979) 1.014
Optimal value (—395.061,59. 890,20.027) 0.129
(d) The fourth measured point
Coordination /m (170. 000,130. 000,15. 000) Error (82 +8y* +85)Y* /m
(169.964,128. 357,20. 903) 6.128
(170. 133,130. 467,17, 849) 2.890
(170. 085,129, 874,16. 362) 1. 370
Measurement results
(168.221,130. 569,15, 030) 1. 868
(169. 373,129, 141,13.508) 1. 832
(170. 665,130. 427,10. 365) 4,702
Method 1 (169.914,129. 881,15, 646) 0. 662
Method 2 (169. 740,129, 806,15. 670) 0.744
Optimal value (169.980,129. 919,15, 030) 0. 089
(e) The fifth measured point
Coordination /m (—200. 000,200. 000,12. 000) Error (82 +8y* +85)Y* /m
(—198.430,196.942,14,577) 4. 296
(—198.635,199. 205,12, 756) 1.752
(—198.923,202. 399,9. 359) 3.727
Measurement results
(—200. 814,199. 368,14, 594) 2.791
(—201.735,200. 288,11, 187) 1,938
(—202.638,199. 566,9. 334) 3.776
Method 1 (—200. 346,199. 554,11, 965) 0. 566
Method 2 (—200.196,199. 628,11, 968) 0.422
Optimal value (—200.074,200. 065,12, 063) 0.117
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Fig. 3 The comparison of the deviation of three methods
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Gao Guangjun Li Lin

Abstract .
measurement results of every two stations are not absolutely consistent. And sometimes there
An optimal unbiased method with adaptive weights is
proposed. Based on the least square principle, the expression of the least square result is

In the process of measuring the aerial object with measuring stations, the crossing
may exist distinct differences.

deduced. The optimal weights are given with the constrained optimization method.
Considering that the weights are related to the position of the target image on the CCD plane,
the idea of adaptive weights is introduced, i. e. the weights can be adjusted as the position of
the target image changes. Compared with the traditional methods, this method utilizes the
measurement information from different stations sufficiently, and improves the accuracy
evidently. The test results show that the optimal method with adaptive weights can decrease
the average error to 40% compared with the traditional methods.

Key words: precise engineering measurement; crossing measurement; least squares method;
optimal unbiased method; adaptive weight



