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Photogrammetry for relative pose measurement of satellite and rocket
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Abstract; A method of measuring the relative pose of satellite-rocket separation based on vision was presented. For the camera parameters
were known, the camera was installed on the carrier rocket, and more than six cooperation signs were fixed on the satellite. The cameras can take
pictures of the cooperation signs in real time. Based on the basic principle of monocular vision pose estimation, the relative pose relationship

between satellite and rocket was solved by combining efficient perspective-n-point with orthogonal iteration. The simulation experiment and the

semi-physical simulation experiment prove the feasibility and accuracy of the proposed method.
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Fig. 1 Relative position and attitude measurement of

satellite-rocket separation
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Fig.2 Central perspective projection imaging model
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Fig.3  Orthogonal iterative algorithm coordinate system
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®1 FLUHEIRFERLIRE (FFRERLIRR)
Tab.1 Semi physical simulation experiment mark point coordinate value(sign board coordinate system)
0 1 2 3 4 5 6 7 8 9 10 1 12
X/mm 0 396.246 354.838 199.773 1.601 -205.284 -346.615 -393.133 -332.301 -196.083 2.035 199.424  343.446
Y/mm 0 0.000 200.477 348.012 393.379 359.696  200.149 8.262  -194.867 -338.521 -395.574 -345.155 -195.375
Z/mm 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
®2 HESHEXKRER
Tab.2 Truth-value and simulation results
I REREC-0 MERI  wmmotwrm o n - E
FTE R B DL R 22 FAAEEMR LR 2
R(1,1) 1 1. 000 000 0. 999 994 0. 999 994 1. 000 000
R(1,2) 0 0. 000 000 0. 000 081 -0. 000 002 0. 000 058
R(1,3) 0 0. 000 002 -0.003 504 0. 003 475 0. 000 846
R(2,1) 0 0. 000 000 0. 000 074 0. 000 003 0. 000 061
R(2,2) -1 —1..000 000 —0.999 998 -0.999 999 -0.999 995
R(2,3) 0. 000 000 -0.002 091 -0.001 498 -0.999 995
R(3,1) 0 0. 000 002 -0.003 504 0. 003 475 0. 000 846
R(3,2) 0 0. 000 000 0. 002 091 0.001 498 0. 003 065
R(3,3) -1 - 1..000 000 -0.999 992 -0.999 993 -0.999 995
A/ (%) 0 0. 000 000 -0.004 640 985 7 0.000 115 -0.003 323 1552
Ay/(°) 0 0.000 114 591 56 —-0.200 764 82 0. 199 103 0. 048 472 237
A,/ (°) - 180 —180. 000 00 179. 880 19 179.914 170 179. 824 39
T(1,1)/mm 0 -0. 000 021 0. 037 503 0. 145 350 0. 173 603
T(2,1)/mm 0 0. 000 011 0. 028 026 -0.060 784 -0.039 753
T(3,1)/mm 5000 5000. 000 5000. 187 500 4997. 601 563 4997. 764 160
R3 FARAMHEFHNRHEXRER
Tab.3 Simulation results of different control points
n Ay/(°) Ay/(°) A,/ (°) T(1,1)/mm T(2,1)/mm T(3,1)/mm
13 -0.003 3 0.048 5 179.824 4 0.173 6 -0.0398 4997.764 2
12 -0.004 6 -0.024 9 179.809 8 0.1827 -0.041 6 4997.819 3
11 -0.003 8 -0.034 7 179.799 6 0.180 6 -0.049 0 4997.810 6
10 -0.002 1 -0.1590 179.860 1 0.124 8 -0.0311 4998.065 9
9 -0.000 3 -0.1890 179.795 9 0.108 5 -0.062 6 4998.047 4
8 0.005 9 -0.436 5 179.770 1 0.011 6 -0.0815 4998.045 4
7 0.022 8 -0.750 0 179.481 9 -0.1718 -0.1750 4998.281 3
6 0.026 5 -0.3823 179.136 4 -0.140 7 -0.036 1 5001.418 5
5 -0.006 7 0.360 1 178.992 6 0.250 1 0.129 3 5004.326 7
4 -0.019 1 -3.480 1 177.004 6 -0.056 9 0.4859 5016.002 4
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Tab.4  Error statistics of semi physical simulation experiment

} LA LA LA
AHETTL*HXTJ— Cﬂl SN o 3“[ SN o \‘r“ 1SN o
e T/mm T,/mm T,/mm WA/ (°) T A,/ () WA,/ (%)
R7E/mm
WEE S RE WEME B WEE %

-44.7072  -168.856 0  3202.637 5

1 0.464 9 0.0196 0.0006 -0.0191 -0.1987 12.918 -0.0958
51.84 3 -159.498 6 3209.3213
180.142 5 -122.7537  2716.871 1

2 -1.4854 00717 0.0031 0.0175 -0.3652 18.6729 -0.2374
45.500 0 -148.8757  2707.369 4
180.142 5 -122.7537  2716.871 1

3 5.824 6 0.0163 -0.1674 -0.0182 -0.1196 -10.3183 -0.086 4
262.090 6 -129.1491  2724.043 2
45.500 0 -148.8757  2707.369 4

4 4.0370 -0.0550 -0.2561 0.0012 -0.2283 -28.9912 -0.3237
262.090 6 -129.1491  2724.043 2
188.530 9 -123.7323  2716.159 7

5 -9.1413 -10.8855 2.6732 -0.1232 -0.9691 0.0348 -0.4790
192.229 2 -141.9217  2658.376 5
188.530 9 -123.7323  2716.159 7

6 -9.5047 10.2570 2.9453 0.0703 -0.2408 -0.0881 -0.3923
187.714 3 -121.7572  2785.537 8
192.229 2 —-141.9217  2658.376 5

7 -9.9442  21.1427 29593 0.1606 -0.951 -0.1567 -0.9916
187.714 3 -121.7572  2785.537 8
-0.3720 -87.2035  6278.459 5

8 9.689 6 0.0050 -0.0582 0.0073 -0.7101 0.0522 -0.8096
51.84 3 -159.498 6  3209.3213
-0.3720 -87.2035  6278.459 5

9 9.411 1 -0.0045 -0.0282 -0.0116 -0.8028 0.0738 -0.1227
32.184 6 -132.1976  4397.159 7
32.184 6 -132.1976  4397.159 7

10 8.278 8 0.0095 -0.0214 0.0189 -0.0780 -0.0216 -0.6433
51.854 3 -159.498 6  3209.3213
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