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ABSTRACT

The present paper deals with precise relative positioning of formation satellites with long
baseline in low Earth orbit making use of L1/12 dual frequency GPS carrier phase measurements.
Kinematic approach means to describe the motion of objects without taking its mass/dynamics
model into consideration. The advantage of the kinematic approach is that information about
dynamics of the system is not applied, which gives more flexibility and could improve the
scientific interest of the observations made by the mission. The ionosphere terms, which are not
canceled by double differenced measurement equation in the case of the long baseline, are
explicitly estimated as unknown parameters by extended Kalman filter. The estimated float
ambiguities by EKF are solved by existing efficient integer vector search strategy under integer
least square condition. For the integer vector search, we employ well known MLAMBDA.
Finally, The feasibility and accuracy of processing scheme are demonstrated using the GPS
measurements for two satellites in low Earth orbit separated by baselines of 100 km.
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Fig. 2. Algorithm flow-chart of precise
relative positioning for formation
-flying  satellite using GPS
carrier phase measurement.
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Table 1. Initial orbital elements of formation
flying satellite scenario

Epoch (GPST) 2011/09/26,00:00:00.00
Orbital Elements Fold 224
Semi-major axis (a)km  6937.466 6937.466
Eccentricity (e) 0.00120 0.00120
Inclination(i) [°] 97.615 97.615
Arg. of perigee (o) [°] 359.951 359.951
Lon. Ascend (Q) [°] 339.484 339.484
Mean anomaly (M)[°] 0.0000450  0.014144

Estimated Orbit in ECEF Coordinate
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Fig. 3. Estimated absolute position of
chief and deputy satellite
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Table 2. First Time to Fix and Integer
ambiguity fixing success rate

S 672 FirsT Time to Ambiguity
Fix [sec] Success Rate [%]
100 km 867 25

Table 3. Result of the position error in
the radial, along-track, and
cross—-track directions and 3D

RMS error
RMS #Ix 2%t [mm] 3D
shers Sus gutg RMS
3.80 2.15 1.42 4.59
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Fig. 4. Relative position error of deputy
satellite (Top: Radial, Center:
Along-track, Bottom: Cross—track

directions)
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Fig. 5. Horizontal position error of
deputy satellite using floating
and fixing solution(blue
circle : floating solution, red
cross : fixed solution)
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