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Error Analysis of Modernized GPS and Galileo Positioning
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(Chansik Park, Dong-Hwan Hwang, and Sang Jeong Lee)

Abstract : The expected positioning accuracies of civil users utilizing modernized GPS and Galileo are derived using the error
analysis in this paper. Since, in general, the performance of DLL, PLL and FLL is proportional to chip lengths and wavelengths, the
positioning accuracies from various measurements of modernized GPS and Galileo are derived as function of chip length and
wavelength. These results are compared with that from GPS L1 measurement. In absolute positioning, compared to GPS C/A code
only case, more than 17 times performance improvement is expected when all civil code signals of modernized GPS and Galileo (L1,
L2, L5, E1, ESA and E5B) are used. In relative positioning, compared to GPS L1 carrier phase only case, more than 2 times
performance improvement is expected when all civil signals of modernized GPS and Galileo are used. Furthermore, the relationship
between GDOP and RGDOP in single frequency case is expanded to general case where multiple frequencies and both code and
carrier phase measurements are used.

Keywords : GPS, Galileo, error analysis, GDOP, RGDOP
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Table 4. Comparison of absolute positioning (Single freq.).

x (i) SAH]
LI 1
L2 1
L5 0.1
El 1
ESB 0.1
E5A 0.1
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Table 5. Comparison of absolute positioning (Dual freq.).

x(i,)) LA
L1,12 0.7071
12,15 0.0995
L5, L1 0.0995
El,ESB 0.0995
ESB, ES/A 0.0707
E5A, El 0.0995
L1, El 0.7071
L2,E5B 0.0995
L5,/E5A 0.0707

E:d

6. A% A= FARE o8 HAA L)

Table 6. Comparison of absolute positioning (Triple freq.).
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El,E5B, ESA 0.0705

7. RE SRA2 ol A 94 o,
Table 7. Comparison of absolute positioning (All).
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Table 8. Comparison of relative positioning (Single freq. ).

x (@) QA
L1 1
L2 1.2832
LS 1.3389
El 1

E5B 1.3048

ESA 1.3389
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Table 9. Comparison of relative positioning (Dual freq.).

x(i, /) =4 s Eh
L1,12 0.7888 6.4073 0.7948
L2,L5 0.9265 43.6230 0.9267
L5, L1 0.8012 5.5867 0.8096
El,ESB 0.7937 6.0543 0.8006
ESB, E5A 0.9345 723334 0.9345
E5A,E1 0.8012 5.5867 0.8096
L1,El 0.7071 o 0.7071
L2,E5B 09149 109.904 0.9149
L5, ESA 0.9468 o 0.9468
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Table 10. Comparison of relative positioning (Triple freq.).

w(i, k) S
L1,L2,L5 0.6769
El,ESB,E5A 06828
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Table 11. Comparison of relative positioning (All).
i(all) Q a}n)

L1,L2,15,El, ESB, ESA 04817
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