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Abstract

More than four visible GPS (Global Positioning System) satellites are required to obtain absolute positioning.
However, it is not easy to satisfy this condition when a rover is in such unfavorable condition as an urban area.
As a consequence, clock-aided positioning has been used as an alternative method especially when the number
of visible satellites is three providing that receive clock error information is available. In this study, LSC (Least-
Squares Collocation) method is proposed to interpolate clock errors for clock-aided positioning after analyzing
the characteristics of receiver clock errors. Numerical tests are performed by using GPS data collected at one
of Korean CORS (Continuously Operating Reference Station) and a nearby GPS station. The receiver clock
errors are obtained through the DGPS (Differential GPS) positioning technique and segmentation procedures
are applied for efficient interpolation. Then, LSC is applied to predicted clock error at epoch which clock
information is not available. The numerical test results are analyzed by examining the differences between the
original and interpolated clock errors. The mean and standard deviation of the residuals are 0.24m and 0.49m,
respectively. Therefore, it can be concluded that sufficient accuracy can be obtained by using the proposed
method in this study.
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Fig. 1. Flowchart of data processing
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where i: GPS receiver (station), k: GPS satellite, p
: geometric distance between the receiver and the satellite, ¢
: speed of light, dt: clock error, 7': tropospheric delay, 7:

ionospheric delay, A/: multipath, e: measurement error.
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where y: measurements, 4: design matrix, §: parameters

. 2 . .
to be estimated, e: measurement errors, o; : unit variance, £:

weight matrix for the measurements.
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where y: vector of observations, A: design matrix, §: fixed
parameters to be estimated, s: random parameters to be
predicted, e: measurement errors, Cy; : signal covariance matrix,

C.. : noise covariance matrix for the measurements.
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Fig. 2. Azimuth and elevation angles of GPS satellite (T007)
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F5 Hlol8 1+ 120]9 UTC 7|2 2 SAJRE 1047}

Table 1. Station informations used in this study

Station name TEGN T007
Cartesian X [m] Y [m] Z [m] X [m] Y [m] Z [m]
coordinates -3241051.551 4030771.747 3719838.477 -3240912.307 4030655.700 3720114.945
Receiver type TRIMBLE NETR9 TRIMBLE R8
Antenna type TRM59800.00 NONE TRMRS8S NONE
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Table 2. Statistical characteristics of DGPS positioning results (T007)

Absolute positioning DGPS positioning
North [m] East [m] Up [m] North[m] East [m] Up [m]
Mean 323.31 -40.04 26.92 328.14 -35.90 18.10
Std. 3.95 4.36 0.33 0.28 0.74
Max. 331.11 -32.84 329.46 -33.66 23.32
Min. 314.01 -48.10 -10.23 326.34 -37.12 12.94

=R HolA 2] DGPS S91E 7Hgste] 7HA191/do) 371 =
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Table 3. Data spans with number of satellites information

ngﬁﬁ)l:er Periods Number of satellites

1 06:00:00 — 06:00:59 4
2 06:01:00 — 06:01:59 3
3 06:02:00 — 06:02:59 4
4 06:03:00 — 06:03:59 3
5 06:04:00 — 06:04:59 4
6 06:05:00 — 06:05:59 3
7 06:06:00 — 06:06:59 4
8 06:07:00 — 06:07:59 3
9 06:08:00 — 06:08:59 4
10 06:09:00 — 06:09:59 3
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Fig. 7. Number of satellites after data removal
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Fig. 8. Estimated receiver clock errors after data removal
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