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Abstract: Based on the principle of celestial positioning, a stereo positioning method with two observatory
satellites was proposed to improve the accuracy of space based detection and positioning. First, according
to the performance of the optical camera, the image characteristics of the space target on the optical sensor
were analyzed, and the position of the target on the image plane was accurately extracted using the thresh-
old centroid method. Next, based on the coordinate transformation matrix between the target and the ob-

servation sensor, the observation vector model was established via the inertial coordinate system. Then,
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the stereo geometric positioning model of the two observation satellites was established based on the princi-
ple of least squares. This model realizes the position transformation of the space target from the two-di-
mensional image to the three-dimensional space. Finally, the experimental star image capturing the target
was generated using ground experiment, and error simulations were performed to verify the positioning al-
gorithm. Simulation results indicate that the positioning precision of the proposed approach can reach 10
m in the absence of errors. When five types of errors, satellite orbit and attitude, camera installation, and
centroid extraction, were considered, the positioning error obeyed a normal distribution with a standard de-
viation of 114. 62 m and a mean value of 0, thereby meeting the standard requirements. In this regard,
this study provides a novel method for the space based high precision detection and positioning.

Key words: space-based detection; centroid extraction; celestial positioning; coordinate transformation;
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ing on a space target
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Tab.1 Parameters setting of payload and target detection

indicators
Parameters Value
Detection metrics/cm@200km 15
Detection wave band/pm 0.4—0.7
Pixel size/pm 6.5
Focal plane size/pixel 4 096X 4 096
Focal/mm 220
Aperture/mm 110
Dark current noise e— /pixel/s 3
Readout noise e— 1.3
Average quantum efficiency 0.6
Optical system transmittance 0.8
Exposure time/ms 2.3
Pixel filling factor 0.7
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Fig. 8 Space target in the experimental star image
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Tab.2 Coordinates of the target on image plane

Actual coordinates  Extracted coordinates

Number - -
x/pixel  y/pixel  x/pixel y/pixel

Payloadl —1900.3 1576.5 —1900.25 1576.45
Payloadz —1596.9 1578.5 —1596.95 1578.53
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Tab.3 Orbital elements and attitude of two observation satellites and a target satellite

Parameters Observation satellite 1 Observation satellite 2 Target

Semimajor axis/km 6928. 14 6928. 14 7000. 14
Eccentricity 0 0 0

Inclination/ () 97.552'1 97.5521 97.7141

Right ascension of ascending node/(°) 203. 282 203. 282 163. 536
Argument of perigee/(°) 0 0 0
True anomaly/(°) 0.108 26 8.108 26 0
Roll angle /rad 0 0 —
Pitch angle/rad 0.0349 0.0313 —
Yaw angle/rad 2.2034 2.0356 —
Elevation angle/(°) 90 90 —
Azimuth angle/(°) 0 0 —

BN

PUTT UL T2 5 i B AR B o7 5 R s T A
Fig. 11 Schematic of orbital position relationship between

two observation satellites and a space target
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Fig. 12 Positioning result of the proposed method
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Fig. 13 Distribution of the x-axis-error taking five kinds

of errors in consideration
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Tab.4 ILocation error result of Monte Carlo error simula-

tion
Error type Location er.ro%‘
(Standard deviation)
Only location error 10.08 m
Only attitude error 71.62m
Only orbit error 62.04 m
Only installation error 62.12m
Only coordinates error 21.7m
With above five errors 114.62 m
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Tab.5 Parameters of Monte Carlo error simulation

Error type Parameters

Distribution type Value

Location/m
Roll angle/(°)
Pitch angle(®)
Yaw angle/(°)

Inclination /(°)

Location error

Attitude error

Orbit error
Argument of perigee/(°)

‘ Elevation angle/(°)
Installation error
Azimuth angle/(°)

. x axis /pixel
Coordinates error ) )
y axis /pixel

Right ascension of ascending node/(°)

Normal(mean 0) Standard deviation 10

Normal(mean 0) Standard deviation 0. 001

Normal(mean 0) Standard deviation 0. 001

Normal(mean 0) Standard deviation 0. 001

Uniform 0.33
Uniform 0.33
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Fig. 14 Star map images
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