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Development and Positioning Accuracy Assessment of Precise Point
Positioning Algorithms based on GPS Code-Pseudorange
Measurements
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Abstract

Precise Point Positioning (PPP) algorithms using GPS code pseudo-range measurements were developed and their
accuracy was validated for the purpose of implementing them on a portable device. The group delay, relativistic
effect, and satellite-antenna phase center offset models were applied as fundamental corrections for PPP. GPS
satellite orbit and clock offsets were taken from the International GNSS Service official products which were
interpolated using the best available algorithms. Tropospheric and ionospheric delays were obtained by applying
mapping functions to the outputs from scientific GPS data processing software and Global Ionosphere Maps,
respectively. When the developed algorithms were tested for four days of data, the horizontal and vertical
positioning accuracies were 0.8-1.6 and 1.6-2.2 meters, respectively. This level of performance is comparable to that
of Differential GPS, and further improvements and fine-tuning of this suite of PPP algorithms and its
implementation at a portable device should be utilized in a variety of surveying and Location-Based Service
applications.
Keywords : PPP, Code Pseudorange, GPS/GNSS, Phase Center Offset, LBS
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Figure 1. Statistics of Phase Center Offsets in the
direction of Z for each 1GS08 Block
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Table 1. Comparison of positioning errors using

broadcast and precise orbits (unit: meters)

Error broadcast precise
Horizontal 2.08 1.90
Vertical 11.48 10.51
3-D 11.62 10.68
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Table 2, Comparison of positioning errors after ionospheric and tropospheric corrections [SO; satellite orbit

correction, SC; satellite clock correction, I; ionosphere correction, T; troposphere correction]

(a) SO/SC (b) SO/SC/1 (c) SO/SC/V/T
Error Accuracy Accuracy
RMSE RMSE RMSE
SE[m] SE[m] Improvement[%] SE[m] Improvement[%]
Horizontal 1.90 1.85 2.6 1.56 15.7
Vertical 10.51 7.50 28.6 2.04 72.8
3-D 10.68 7.73 27.6 2.57 66.8
15
10 o0 <
5 : R
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Figure 2. Horizontal and vertical PPP positioning errors after correcting ionospheric and tropospheric effects
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Figure 3. DGPS coordinate error time series with epochs without PRC receptions

Table 3. Comparison of PPP and DGPS positioning

errors (unit: m)

June 24th, 2013 | June 25th, 2013
PPP DGPS PPP DGPS
Horizontal 0.76 1.26 0.78 1.06
Vertical 1.56 2.75 1.60 1.87

3-D 1.74 3.02 1.78 2.15

Error
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Figure 4. Comparison of PPP and DGPS positioning
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