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1 THHA
Table 1 Normal block adjustment and self-calibration block adjustment results of THH4A

( RMS/m) ( RMS/m) ( RMS/m)
GCP/CKP
X Y A X Y A X Y A
1/13 41.720 139.622 39.433 26.673 35.496 25.913 10.201 9.825 8.762
3/11 41.201 139.129 39.001 23.905 32.795 22.729 8.118 7.679 6.787
5/9 40.163 138.967 39.120 21.887 29. 880 20.289 7.026 6.363 6.062
717 40. 660 138.223 38.153 20.296 29.784 20.122 6.451 6.293 5.117
9/5 40. 345 138. 621 39.015 20.392 29.802 20.200 6.450 6.303 5.132
2 TH4B
Table 2 Normal block adjustment and self-calibration block adjustment results of TH4B
( RMS/m) ( RMS/m) ( RMS/m)
GCP/CKP

X Y A X Y A X Y A
1/37 35.294 124.702 42.174 21.899 24.527 20.213 8.301 7.996 5.985
3/35 34.257 123.872 41.825 20.766 24.811 19. 829 7.306 6.377 5.115
5/33 34.576 122.431 41.532 20.612 22.429 19.212 6.217 6.152 5.021
7/31 34.716 122.253 41.085 19.225 20.382 17.122 5.901 5.558 4.421
9/29 34.501 122.141 41.487 19.112 20.329 17.212 5.892 5.586 4.435
11/27 34.812 122.097 41.587 19.221 20.382 17.324 5.912 5.671 4.441
13/25 34.890 122.141 41.487 19.112 20.329 18.212 5.997 5.586 4.356

2 5 (1)
Y
. 6( a) 6(b)
1 (2)
7 N CCD
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3 TH4C
Table 3 Normal block adjustment and self-ealibration block adjustment results of TH-4C
( RMS/m) ( RMS/m) ( RMS/m)
GCP/CKP
X Y A X Y A X Y A
1/21 37.268 131.259 43.815 24.987 27.511 25.719 9.810 8.279 8.115
3/19 37.914 130. 170 43.117 22.187 26.247 22.145 7.569 7.129 6.105
5/17 37.425 130. 337 43.138 21.622 24.119 20.129 7.306 6.377 5.815
7/15 37.410 130. 637 43.232 20.992 22.325 20.003 6.848 6.367 5.116
9/13 37.357 130.231 43.351 20.837 21.225 19. 837 6.837 6.251 5.002
11/11 37.223 130.123 43.213 20.128 21.192 19.112 6.313 6.237 5.015
13/9 37.213 130.113 43.117 20.837 21.225 19.107 6.337 6.251 5.020
56.5m 4
1.3 5 m. Table 4 Self-calibration results for attitude angles
TH4A.TH4B.TH4C @/(") w/(") k/(")
4 5— TH4A -22.90 -68.21 -25.63
7. ( ¢ K) TH4B -23.42 -67.97 -26.52
( X, Y, Ak Kk p, TH4C -21.98 -66.74 -24.01
p, b, b, b3) ) -22.76 -67.64 -25.38
5 TH4A N
Table 5 Self-calibration values for forward nadir and backward images of TH4A
Af/ pm %, ¥, k, k, P Ps b, b, by
0.0162 -0.00889 3.04E06  4.32E44  3.08E04 -5.86E04 -5.11E44 7.06ES5 6.02E-09
0.0112 -0.00623 5.01E06  5.12E45 -9.68E-04 -3.24E-04 3.22E44  2.33E4 4.70E-09
0.0155 -0.00602 7.82E-06  3.98E-3 1.77E-04 1.06E04  6.02E44 -3.22E45 8.14E-09
6 TH4AB N
Table 6 Self-calibration values for forward nadir and backward images of TH4B
Af/pum x, ¥, k, k, P P» b, b, by
0.0181 -0.00683 4.13E-06  5.12E44  3.39E04 -4.42E04 -6.02Ed4 6.77E45 5.99E-09
0.0127 -0.00614  3.99E06  4.99E45 -8.40E-04 -2.65E-04 2.79E44  3.02EH44  3.78E-09
0.0174 -0.00603  6.98E-06  4.03E43 1.21E-04 1.01E-04  5.73E44 -2.99E45 7.62E-09
7 THA4AC N
Table 7 Self-calibration values for forward nadir and backward images of TH-1C
Af/ pm %, Y, k, k, P P b, b, b,
0.0195 -0.00693 4.05E06  6.13E44  3.25E04 -6.17E-04 -7.01E44 8.21E45 7.11E09
0.0133 -0.00721  6.02E06  6.02E45 -8.99E04 -3.70E-04 4.13E44  3.99E44 5.12E09
0.0194 -0.00704 8.02E-06  2.99E-3 1.78E-04 1.19E04  7.02E44 -4.25E45 9.12E-09
3
o 5— 7
Xp~Yp P1 P2
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Self-calibration block adjustment for Mapping Satellite—1
three linear CCD image

ZHANG Yan' WANG Tao' FENG Wufa' YUAN Zhaopeng~ WANG Shuxiang'

1. Institute of Geospatial Information Information Engineering University Zhengzhou 450052 China;
2. China Mapping Satellite-1 Center Beijing 102102  China

Abstract: Launched in 2010  “Mapping Satellite- 7 ( TH-) is the first stereo surveying and mapping satellite from China.
During thereal operation of TH- in the space environment the attitude angles of the star sensor lens geometric parameters and
CCD undergo unpredictable changes that affect the positioning accuracy of satellite images. This study conducts self-calibration
block adjustment research on TH- satellite images to achieve high image positioning accuracy. The following investigation method
is used in this study: First the lens and CCD geometric distortions of the three linear stereo surveying and mapping cameras of
TH- are analyzed and a self-calibration model suitable for the satellite’s three linear CCD images is proposed. The self-calibration
block adjustment model is built for the satellite’s three linear CCD images. Overall adjustment is then applied on exterior orientation
elements and self-calibration parameters to eliminate systematic errors present in the above observations and to improve the position—
ing accuracy. Finally the Songshan testfield is utilized to support the self-ealibration block adjustment processing for the three
linear images of TH- and to verify the correctness and validity of the self-calibration and self-calibration block adjustment models.
The influence of the number of control points on self-calibration is also analyzed. Experimental results demonstrate that using the
self-calibration block adjustment technique can effectively eliminate systematic positioning errors and significantly improve positio—
ning accuracy. The spatial resolution of the three linear array images of THH is 5 m. After normal block adjustment the optimal
plane accuracy along the X—and Y-directions are approximately 20 m with a height accuracyofapproximately 20 m and plane accu—
racy of 4 pixels. After self-calibration block adjustment the optimal plane accuracy increased from 5 m to 6.5 m (i.e. less than
1.3 pixels) and the height accuracy increased to 5 m. Through a series of experimental research and analysis the following con—
clusions can be drawn: (1) The auxiliary orbit and attitude determination files of the three linear CCD images of TH- contain clear
systematic errors. A certain degree of geometric deformation also exists in the camera lens and CCD component. For direct space
intersection using orbit and attitude determination files a prominent systematic positioning error must be eliminated through the
block adjustment approach. (2) If the self-calibration parameter X, and its observation equation are not considered Eq. ( 10)
becomes the normal block adjustment model. Normal block adjustment considers only the control point error X, and exterior orienta—
tion element error X; thus it corrects only the attitude errors. Although normal block adjustment can effectively eliminate the posi—
tioning error caused by the attitude angle error the impact of the lens and CCD component geometric deformation parameters still
exists. The variation of the latter parameters is minor in a medium period and the residual errors in the plane and elevation direc—
tion are still systemic. (3) Applying self-ealibration block adjustment to the threeine array images of TH- with the self-calibra—
tion model presented in this paper can effectively eliminate the attitude errors and the combined effects of the focal length change
lens and CCD geometric deformation and significantly improve positioning accuracy. The residual systematic errors of the check—
points are effectively eliminated after self-calibration adjustment which confirms the correctness and effectiveness of the self-cali—
bration parameter and self-ealibration block adjustment models presented in this paper. (4) Increasing the control points can effi—
ciently improve the accuracy of self-calibration block adjustment in an appropriate range but when the number of control points
reaches a certain degree the adjustment accuracy stabilizes.

Key words: Mapping Satellited ( TH-) thee linear CCD image testfield self-calibration model block adjustment geometric

distortion



