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Fig. 3 Test data of internal geometry calibration of GF-7
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Table 1 Analysis on the accuracy of geometrical

calibration of FWDPAN dual-line scan camera
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Table 2 Analysis on the accuracy of geometrical calibration of BWDPAN dual-line scan camera
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F3 WELEHENMUX BYLAREEE ST
Table 3 Analysis on the accuracy of geometrical calibration of MUX dual-line scan camera
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2yl 0.020 0.15 0.028 0.16 0.013 0.20 0.043 0.17
T TR ) 0.021 0.23 0.032 0.18 0.029 0.18 0.026 0.25
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Fig. 6 Test data of uncontrolled positioning accuracy of GF-7
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Table 4 GF-7 satellite front—view panchromatic camera image product uncontrolled geometric positioning accuracy test table

a7 MR A7) KA a] X ) fE (L 15 25 /m Y 5 [0 5E AL 1% 2 /m FENLRGRE /m
49975 0.000 2020-02-08 0.52 4.89 4.92
72223 3.830 2020-03-28 8.59 0.97 8.64
81880 2.760 2020-04-12 3.21 1.38 3.49
56813 2.730 2020-02-23 7.49 0.85 7.54
59369 5.960 2020-03-04 1.79 1.04 2.07
56809 2.730 2020-02-23 8.59 0.22 8.59
93666 1.880 2020-05-02 0.52 2.42 2.48
69607 5.090 2020-03-24 7.98 0.82 8.02
76293 5.570 2020-04-03 8.03 2.75 8.49
50430 0.000 2020-02-09 2.19 7.90 8.20
82632 3.420 2020-04-13 3.15 2.54 4.05

4 SHEIIE 4.73 2.34 6.04

x5 BotEtSIERUSGHENEGSRIELAEMSEENKE

Table 5 GF-7 satellite rear—view panchromatic camera image product uncontrolled geometric positioning accuracy test table

ey M2 FC) KA X 5 ) 28 L1525 /m Y U5 1) 58 VLR 2 /m SE LA BE /m
49975 0.000 2020-02-08 0.25 -5.10 5.10
72223 3.830 2020-03-28 -8.33 0.76 8.37
81880 2.760 2020-04-12 -3.21 -1.30 3.46
56813 2.730 2020-02-23 7.50 0.27 7.51
59369 5.960 2020-03-04 -1.96 0.41 2.00
56809 2.730 2020-02-23 7.93 -0.42 7.95
93666 1.880 2020-05-02 0.25 2.30 2.31
69607 5.090 2020-03-24 -8.26 1.08 8.33
76293 5.570 2020-04-03 8.20 -2.70 8.63
50430 0.000 2020-02-09 -2.38 7.57 7.94
82632 3.420 2020-04-13 3.04 -2.16 3.73

Y XHEIIE 4.66 2.19 5.94
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Table 6 Test table for uncontrolled geometric positioning accuracy of GF-7 rear—view multispectral camera image products

5 M A/(°) SRS ] X 7 [ 3 5% 2/m Y 75 1] 3 (R 2 /m FEARE # /m
49975 0.000 2020-02-08 0.32 -5.81 5.82
72223 3.830 2020-03-28 -7.92 0.30 7.93
81880 2.760 2020-04-12 -2.83 -1.24 3.09
56813 2.730 2020-02-23 7.96 0.67 7.99
59369 5.960 2020-03-04 -1.79 1.01 2.05
56809 2.730 2020-02-23 7.79 0.07 7.79
93666 1.880 2020-05-02 -0.38 2.80 2.82
69607 5.090 2020-03-24 -7.62 1.02 7.68
76293 5.570 2020-04-03 8.35 -2.32 8.67
50430 0.000 2020-02-09 -1.90 7.95 8.17
82632 3.420 2020-04-13 3.50 -235 4.22
Y XHE B 4.58 2.32 6.02

wmia ETEE

7 .Ejév\tﬁhuﬂl 2
Fig. 7 GF-7 inspection image
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Geometry processing and accuracy verification of dual-line array cameras
of GF-7 satellite
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Abstract: GF-7 was successfully launched in Taiyuan in November 2019 and is the first sub-meter high-resolution stereo mapping satellite

of China.The first domestic star map fusion star sensor is used on the satellite, with dynamic correction of the angle between the two star sen-

sors, which can greatly improve the accuracy of satellite attitude determination.Based on the overall design of the GF-7 satellite,this paper

studies the key geometric processing techniques in the processing of the GF-7 satellite to achieve high-precision positioning of the High

Resolution 7 dual line array camera, and verifies the satellite’ s geometric level through extensive verifications. Based on attitude measure-

ment data and orbit measurement data, the GF-7 satellite has greatly improved its attitude and orbit determination accuracy by using star

map fusion star sensors. And the GF-7 satellite has added a unified time system and a unified attitude orbit model, constructing a rigorous

geometric model with multiple platforms and cameras.

To address the issue of changes in payload pointing angle during the imaging process of the GF-7 satellite,it is not only necessary to ac-
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curately calibrate the geometric distortion curve of the on-orbit camera, but also to obtain the precise light pointing of each CCD imaging de-
tector in the payload to create a high-precision standard image,providing precise internal orientation geometric elements for the production
of high-precision standard image products to ensure the internal geometric accuracy of satellite image products.

The accuracy of geometric positioning and stereographic mapping products of GF-7 satellite is verified by high precision basic data and
field ground measurement points. The high-precision basic data uses the DOM image with a geometric accuracy of better than 1:2000 and
the DEM data with a high accuracy of grid and earth accuracy better than 5 m, and the field ground measurement points use 71 ground con-
trol points evenly distributed on the image.The verification results show that the uncontrolled positioning accuracy of the camera can be con-
trolled to about 6 meters.After introducing a few ground control points to carry out rigid translation, the plane geometric residual is about
1.4 m, and the elevation residual is about 0.86 meters, which meets the demand of high-precision stereoscopic mapping in China.

Based on the practical experience of satellite data processing system construction, this paper mainly combines the load design features
of GF-7 dual-array camera,studies the key technologies and methods of GF-7 satellite combined processing, so as to improve the research
system in the field of high-resolution optical satellite image geometric processing.Finally, a large number of data are used to verify the accu-
racy, and the results show that compared with the previous satellites, the geometric calibration accuracy, geometric positioning accuracy and
relative geometric accuracy of the front and rear cameras of GF-7 dual-linear array camera have been significantly improved., reaching the
current foreign commercial satellite plane elevation geometric accuracy standards. This indicates that the domestic satellite high -preci-
sion satellite load platform and ground processing capacity rose to a new step,which is at the international advanced level and has important
practical significance for the subsequent development of related satellite work.

Key words: GF-7 Satellite, stereo mapping satellite, geometric check, rigorous geometric model, attitude track data processing, star
sensors, uncontrolled positioning accuracy, elevation residual, control points
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