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Analysis on a Method of Convenient Dynamic Accuracy Appraisal for
Optical Theodolite
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(Baicheng Ordnance Test Center of China, Baicheng, Jilin 137001, China)

Abstract Dynamic accuracy appraisal method of optical theodolite, called ‘Hard method’, is rough and complex in
engineering. Its appraisal result is inaccurate, poor in reliability and imperfect. For these reasons, a convenient
dynamic accuracy appraisal method of optical theodolite is proposed, called *Soft method”. Its mathematical model
and solution method are deduced. Through simulation, comparative calculation with these two appraisal methods is
carried out. The results show that for dynamic accuracy appraisal of optical theodolite, ‘Soft method” takes greater

advantages in accuracy and reliability. In addition, the method is easier and more conducive to engineering

applications.
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Table 1 Errors added to every simulating measuring elements

Measuring equipment 1st theodlite 2nd theodlite

1st ballistic camera 2nd ballistic camera CW radar

Measuring elements a/(D 0/ w/(D 0/ a/M 0/ a/(M 0/ v /(mes™ ')
Random error (real value) 19.42  21.17 19.42  21.17 4.93 5.12 4.72 5.12 0. 30
System error (real value) 6. 48 —9.23 —8.05 —9.23 0 0 0 0 0
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Fig. 2 Measuring error curves of optical-theodolite compared with ballistic camera. (a) 1st theodolite azimuth;

(b) 1st theodolite elevation; (¢) 2nd theodolite azimuth; (d) 2nd theodolite elevation
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Table 2 Measuring error statistics of optical-theodolite compared with ballistic camera

Measuring equipment

1st theodolite

2nd theodolite

Measuring elements a [% a 0
Random error (calculated) 16. 44" 15.76" 15. 00" 15. 76"
Absolute error 2.98" 5. 41" 4.42" 5. 41"
Comparative error 15.3% 25.6% 22.8% 25.6%
System error (calculated) —23.83" —7.47" —1.26" —10.03"
Absolute error 30. 31" 1.76" 7.24" 0.8"
Comparative error 467.7% 19.1% 73.8% 8.7%
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Fig. 3 Residual curves of optical-theodolite measurement elements obtained by ‘Soft method’. (a) 1st theodolite azimuth;
(b) 1st theodolite elevation; (¢) 2nd theodolite azimuth; (d) 2nd theodolite elevation
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Table 3 Error statistics of optical-theodolite measurement elements obtained by Soft method’

Measuring equipment 1st theodolite 2nd theodolite CW radar
Measuring elements a 0 a 0 v
Radom error (calculated) 18.98" 20. 63" 18. 98" 20. 63" 0.343 m/s
Absolute error 0. 44" 0.54" 0. 44" 0.54" 0.043 m/s
Relative error 2.27% 2.55% 2.27% 2.55% 14.3%
System error (calculated) 6.19" —9.49" —7.63" —9.08" 0
Absolute error 0. 29" 0. 26" 0.88" 0.15" 0
Relative error 4.48% 2.82% 10.34% 1.63% 0%

£ 4 ATNITS 50T B RS 00 7T 1R 22 58 1T 45
Table 4 Error statistics of all measuring equipments measurement elements obtained

by ‘Soft method’

Measuring equipment 1st theodolite 2nd theodolite  1st ballistic camera 2nd ballistic camera CW radar
Measuring elements a 0 a 0 a 0 @ 0 v
Random error (calculated) 19.18" 20.83" 19.18" 20.83" 4, 95" 5.16" 4. 74" 5.16" 0.338 m/s

Absolute error 0.24" 0.34" 0.24" 0.34"  0.02" 0.04" 0.02" 0.04" 0.038 m/s
Comparative error 1.24% 1.61% 1.24% 1.61% 0.41% 0.78% 0.42% 0.78% 12.7%
System error (calculated) — 6.39” —9.28" —8.87" —9.28" 0 0 0 0 0
Absolute error 0.09" 0.05" 0.36"  0.05" 0 0 0 0 0
Comparative error 1.39% 0.54% 4.23% 0.54% 0% 0% 0% 0% 0%
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