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Abstract: In order to solve the space registration problems of multi-sensor in the photoelectric theodolite
measurement, a space registration model based on the extreme learning machine (ELM) algorithm was
proposed in this paper. Firstly, the ELM theory and the modeling steps of ELM space registration model
were introduced. Then, the star measurement data was used to build ELM space registration model.
Finally, the ELM space registration model was compared with single error correction model and spherical
harmonics correction model. Experimental results indicate that ELM space registration method can
improve the measuring precision of photoelectrical theodolite from about 17” to less than 1”; the accuracy
of the ELM space registration model is improved by more than 35% than single error correction model
and spherical harmonics correction model. The results indicate that compare with the single error
correction model and spherical harmonics correction model, space registration model based on ELM
algorithm has higher prediction accuracy and stronger generalization capability.
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Tab.1 Recording format of star data(Unit:(°))

Theoreti- Measur- .

. Theoreti- Measur-
cal value ing value Error of  Error of
of of

azimuth

SN cal value ing value

of pith of pith azimuth elevation

azimuth

1 0.571 744 0.575982 19.457 61 19.452 61 0.0042 38 —0.00501
2 9.756 186 9.760 585 27.100 28 27.095 37 0.004 399 —0.004 91
3 30.51185 30.516 51 43.797 63 43.793 04 0.004 667 —0.004 59
4 39.470 75 39.474 32 53.009 59 53.005 23 0.003 567 —0.004 36

5 51.7932 51.796 57 59.455 36 59.451 11 0.003 374 -0.004 26
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Fig.3 Training error map of ELM model
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Fig.4 Measurement error curves
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Tab.2 Errors of azimuth

Root Mean
Satellite Maximum Minimum mean
Model Y , absolute
name error/(")  error/(") square "
error/(")
error/(%)
Single error
. 1.8558 —-1.8500 0.8032 0.642 7
correction
Jasonl  Spherical
. 1.7094 -0.1745 0.7471 0.633 3
harmonic
ELM 0.6234  -0.5517 0.2486 0.202 7
Single ermor ) 0150 _4.1582 16132 1.3713
correction
Ajisai  Spherical
. 1.8075 -1.8891 0.7776 0.6429
harmonic
ELM 0.9926 -0.9849 0.4808 0.4120
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Tab.3 Azimuth errors with adding noise

Root Mean
Satellite Maximum Minimum mean
Model ” ” absolute
name error/(")  error/(") square Y
error/(")
error/ (%)
Single error _
. 2.2686 -2.1526 0.8660 0.695 9
correction
Jasonl Spherical .
. 1.7649 -0.2682 0.760 1 0.6398
harmonic
ELM 0.6910 -0.5676 0.2527 0.205 4
Single emor (003 _udel4 16745 14155
correction
Ajisai  Spherical
. 1.9006 -2.2245 0.7976 0.651 3
harmonic
ELM 0.9659 -0.9816 0.4893 0.426 8
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