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Measurement of relative position and pose between two spacecrafts

based on laser lidar

Liu Yu, Chen Feng, Wang Ying, Huang Jianming, Wei Xiangquan
(Aerospace System Engineering Shanghai, Shanghai 201108, China)

Abstract: The technology of the measurement of relative position and pose between two spacecrafts
based on laser lidar is one of the key technologies in many space applications, such as on—orbit servicing
to satellites of losing control, debris removal, etc. Firstly, the current research at home and abroad was
described. Secondly, the measurement technology principle of relative position and pose was introduced
and the point cloud registration method was highlighted. Finally, the simulation experiment of the
spacecraft simulator was given. The result shows that measurement of relative position and pose between
two spacecrafts based on laser lidar method is reasonable and feasible and it has high accuracy. It meets
the relative navigation mission requirements and provides a greater reference for the implementation of
engineering applications.
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Fig.1 Composition and measurement principle of TriDAR system
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Tab.1 Measuring index of TirDAR system

. Frequency Position Pose
System Distance/m .
/Hz accuracy/m accuracy/(°)
Pulsed <100 2 <0.12 <0.36
LiDAR = — \'
LCS =0.5 2 <0.01 <1.0
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(a) Close distance
Pl 2 TriDAR REEAE STS—128 5 HAL 45 1% 2 ) 1 23 = Kl
Fig.2 Cloud data from TriDAR system in the STS—128 mission
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Fig.3 Argon System
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(b) Interface of Fpose
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| Build the configuration of the target spacecraft |
]

Spacecraft configuration is transformed into
a discrete point cloud model

!

| Lidar obtains the point cloud data |

| Point cloud data is preprocessed |

I

Registration is carried out between the point colud
data and point cloud model

l

Optimal relative pose is determined

4 FEEERE

Fig.4 Main flow of measurement
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I Get the point set P and Q |

Define P' and Q'

Traverse and search the optimal
corresponding points by the KDTree

I

| Optimal corresponding points are P" and 0™

N| Delete the wrong
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— Calculate R and T by
P"=RP"™+T quaternion algorithm

Registration between the
correspondence point sets
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Fig.5 Flow of ICP algorithm
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Fig.6 Spacecraft simulator configuration and point cloud model
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Tab.2 Parameters of SR4000

Simulation parameters Value
Detection range/m 1-10
Imaging resolution 176x144

FOV/(°) 43.6x34.6

Range accuracy/mm 15

K7 6.5m &bl AR s =

Fig.7 Point cloud simulation at the distance of 6.5 m
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Fig.8 Point cloud registration at the distance of 3.5 m
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