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Abstract

Precise stochastic modeling for GPS measurements is one of key factors in adjustment computations
for GPS positioning. To analyze the GPS measurement errors, Minimum Norm Quadratic Unbiased
Estimators(MINQUE) approach is used in this study to estimate the variance components for measurement
types with short-baseline GPS positioning model. The results showed the magnitudes of measurement errors for
Cl1, P2, L1, L2 are 22.3cm, 27.6cm, 2.5mm, 2.2mm, respectively. To reduce the memory usage and computational
burden, variance components are also estimated on epoch-by-epoch basis. The results showed that there exists
slight differences between the solutions. However, epoch-by-epoch analysis may also be used for most of GPS
applications considering the magnitudes of the differences.
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where ¢ and j: indices for reference and rover station,
respectively, k and ¢: indices for satellites, 1 and 2: L1 and
L2 frequencies, respectively, /7 and @: code and phase
measurements, respectively, P: geometric distance between
the satellite and station, A: wavelength, € and €: measurement
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design matrix, € : mx1 vector of unknown (parameters),
e : n.X 1 vector of measurement errors, 3 : 1. Xn variance-
covariance matrix for the measurements, 0% variance
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where k and /: indices representing elements of S and 4.
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Fig. 1. Location map of reference station (TEGN)
and rover (PT15)

Table 1. Cartesian coordinates of GPS stations (unit: meter)

Station X Y Z
TEGN | -3,241,051.551 | 4,030,771.747 | 3,719,838.477
PTI5 -3,421,191.290 | 4,030,728.137 | 3,719,747,117

olERole] GPS HOJEFHELS  UTC(Coordinated
Universal Time)& 7|52 2 20174 69 14 8A] 1285
10A] 114 S9E71A] & 2 AlRE F<F o] Folzl o HlojeH
= 74212 302900k AHEE GPS A1 HU2 97} b
B 22802 4417] wels) Qheutellol oie g
= Table 2&} )

Table 2. Receiver and antenna types used in this study

Station Receiver Type Antenna Type
TRM59800.80
TEGN TRIMBLE NETR9 DOME
PTI15 TRIMBLE R8S TRMR8S NONE
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Table 3. Continuous data spans for each pair of satellite and estimated float ambiguities

Satellite pair (PRN) Period (hh:mm:ss) ]V;’;-,el N;fz
03-01 08:12:00~09:23:30 -72.03 5.01
03-06 08:15:30~10:11:30 46.00 50.01
03-09 09:48:00~10:11:30 207.96 56.99
03-11 08:12:00~08:54:00 23.96 61.00
03-17 08:12:00~10:11:30 -144.00 51.01
03-19 08:12:00~10:11:30 113.00 71.01
03-22 08:12:00~09:35:30 10.98 1.01
03-23 09:21:00~10:11:30 46.95 94.98
03-28 08:12:00~10:11:30 80.00 71.01
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Fig. 2. Double-differenced residuals after re-adjustment

Table 4. Magnitudes of measurement errors computation; (@) C1 (b) P2 (¢) L1 (d) L2

(/Q,i=1,2,3,4)
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Fig. 3. Magnitudes of measurement errors based on an
epoch-by-epoch analysis

Table 5. Statistical characteristics of the magnitudes of
measurements errors computed on epoch-by-epoch basis

(QZ-, 1=1,2,3,4)
C1 P2 L1 L2
Mean 25.5cm 32.1 cm 1.7 mm 1.9 mm
Std. 7.0 cm 8.4 cm 0.6 mm 0.7 mm
5 22
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