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Research on HIL simulation system for space optical remote
sensing imaging

LI Ming-xuan, JIANG Gang-wu,ZHANG Rui,ZHANG Yi
(The PLA Information Engineering University , Zhengzhou 450001 , China)

Abstract: Space optical remote sensor has the characteristics of long development cycle and high cost. Before the
launch of the satellite , the simulation experiment must be carried out in detail on the ground in order to ensure the per-
formance of aerospace remote sensing imaging system. An aerospace remote sensing imaging HIL simulation system is
constructed , which uses six degrees of freedom manipulator as its motion platform. Firstly,the coordinate systems were
established and the coordinate system transformation parameters were obtained. Then the ephemeris data which were
generated by STK ( system Tool Kit) software were input to the control system after coordinate transformation. Lastly,
according to the imaging principle of TDI CCD camera, the target’ s simulation image was obtained along with the
movement of the manipulator by push-broom scanning three-dimensional terrain sand table. The results of simulation
test show that the correct and effective simulation coordinate systems can fast, stably, and real-time simulate the
process of aerospace remote sensing imaging in this system. The circularities of 12 circular targets uniformly distribu-
ted in the simulation image are better than 0. 95, which proves that the quality of simulation image is higher,and the
simulation image of terrain sand table could meet the demand of remote sensing target detection and research on simu-
lation recognition algorithm ,which provides a reference for the research on space optical remote sensing imaging simu-
lation system.
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Tab. 1 Parameters of TDI CCD camera and lens
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Tab. 2 Performance parameters of robot
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Fig. 2 Block diagram of HIL simulation system
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Fig. 3 Simulation physical image
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Fig. 4 Process of coordinate transformation
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Tab. 3 Parameters of coordinate transformation

A e R A X/m Y/m 7 /m
M1 0.091641 | -5.6273 | -8.5833 -629. 6572
M2 0.999328 | 2.6672 3. 8008 ~0.1435

4 BERHESH

Tab. 4 Parameters of coordinate transformation

etk & Q1 Q2 Q3 Q4
M1 0.1742 | -0.0900 | 0.4645 0. 8636
M2 0.4966 | -0.5055 | -0.5047 0.4931
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Fig. 7 Ephemeris image of two-dimensional scene
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Fig. 8 Ephemeris image of three-dimensional scene
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Tab. 5 Geodetic coordinates and ECEF

KHALFR/ () 03 [ AL bR/ km

ZE il s X Y Z

S1 | 113.562 34.781 —2262.777404 | 5188.759471 | 3907. 093827

S2 | 113.554 34.718 | -2262. 814647 | 5193.370697 | 3900. 940818

S3 | 113.525 34.656 | —2262.848467 | 5197.975611 | 3894. 783043

S$4 | 113.507 34.594 | -2262. 878866 | 5202.574206 | 3888. 620509

S5 | 113.489 34,531 | -2262.905844 | 5207. 166475 | 3882.453224

Forp S1~ S5 7Ry FLA TR s B0 i KON Y A
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Tab. 6 Coordinates of sand table and robot base

N b/ m S/
A Y z X Y z

SI | 5.2463 | 3.3812 | 0.4577 | 2.0878 | —1.4407 | 3.2187
S2 | 5.0833 | 2.6958 | 0.4731 | 2.0787 | —1.2756 | 2.5342
S3 | 4.9203 | 2.0104 | 0.4878 | 2.0704 | —1.1106| 1.8496
$4 | 4.7572 | 1.3251 | 0.5016 | 2.0629 | -0.9455 | 1. 1652
S5 | 4.5941 | 0.6397 | 0.5147 | 2.0562 | —0.7804 | 0.4807
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Tab. 7 Coordinates of targets

F A FEA R/ m
ms [} ]/ UTCG
X Y Z

ST1| 17 Jun 2016 10:57:05.000 | 0.5037 | —1.4407 | 3.2187
ST2| 17 Jun 2016 10:57:06.000 | 0.5037 | -1.2756 | 2.5342
ST3| 17 Jun 2016 10:57:07.000 | 0.5037 | —1.1106 | 1.8496
ST4| 17 Jun 2016 10:57:08.000 | 0.5037 | —0.9455 | 1.1652
ST5| 17 Jun 2016 10:57:09.000 | 0.5037 | —0.7804 | 0.4807
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Tab. 8 Parameters of circular targets

xo /pixel ¥ /pixel R /pixel c
298. 4 5334.4 28.2 0. 969
669.7 3705. 6 28.0 0.957
1258.6 4502.9 27.9 0. 965
1293.8 7652.2 28.2 0.952
1548. 4 7980. 5 28.1 0. 967
1612.9 3355.4 27.8 0.958
2860. 3 3500. 3 28.0 0. 956
3227.6 2512. 1 27.8 0.953
3458.7 6865. 8 27.9 0. 956
4791.5 5470. 4 27.7 0. 964
5095. 0 9907. 8 27.9 0.977
5166. 2 8250. 8 28.0 0.958
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Fig. 9 Simulation image
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