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Research on Orbit Determination Technology for Space Target Based
on Method of Tracking with Double Satellites and Double Cameras
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Abstract A kind of orbit determination technology is mainly researched for space target based on method of
tracking with double satellites and double cameras in space—based surveillance. The physical idea is that the
absolute motion information of space target in earth coordinate system can be computed completely through a
series of coordinate transformations and data process. The data are from relative azimuth point information of
target in satellite that are measured with optical measurement devices and information of satellite attitude
angles and rotation angles of opto—electrical tracking frame that are sensed by corresponding angle sensors.
Measurement equation of target in earth coordinate system is gained after describing physical model,
coordinate systems and deriving principle of orbit determination in turn. Furthermore, mathematic simulation
is researched after analyzing many models including space—based surveillance satellite orbit, opto—electronic
tracking and optical imaging. The computation results show the feasibility of this method.

Key words measurement; space—based surveillance; orbit determination; opto—electrical tracking; measurement
equation; modeling and simulation
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Fig.1 Tracking of target based on method of double satellites and double cameras in space—based surveillance
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Table 1 Parameters of mathematical model

Orbit elements of two satellites (i.,{2,n..e.,w.,M,) at initial time (to)

i 0, /(°) n, /(circle/day) e w, /(°) Mo /(°)
98.2232° 181.0062 14.62946270 0.0020721 165.8672 196.3278

ir 0, /(°) n. /(circle/day) e w2 /(°) M2 /(°)
98.7490° 199.8624 14.26108006 0.0001420 131.8604° 228.2697

Miss distances of camera (.o, v40), attitude angles of satellite (.0,0.0,¢.0), rotation angles of tracking frame (A..0,A.0) at initial time &

and moving coefficients of target (w.,w.,,k..k..)

Uio V1o l,[flo/(o) 010/(0) 5010/(0) /\1..0/(0) /\1«-,0/(0) ko ke @i« Wiy
532 532 0.52 0.63 0.58 138.52 106.67 -0.8 -1.2 0.6 0.6
U0 V20 l,l’zu 020/(0) (qu/(o) /\zm/(o) )lzeo/(o) koo ke (OFN Wy
532 532 0.82 78.53 0.67 65.37 132.58 1.3 -1.6 0.6 0.6
Installation locations (l.,m.,n.)and angles (c.,B.,y.) of tracking frame and installation location of camera (h.)
. /m m./m n, /m hm o./(°) B.1(°) v.1(°)
1 1 1 1 20 20 20
Parameters of camera system (H.., M., f.., U, V., d.., d.,)
H../Hz M. S mm U. V. d.. /pm d, /pm
30 10 1000 1064 1064 7.4 7.4
Parameters of earth gravitational field (u, R.)
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Fig.3 Relationship between numerical computation results and time. (a) Absolute position vector of satellite and target; (b) orbit height;

(c) absolute velocity; (d) relative distance error; (e) relative velocity
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