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Abstract: Chinese BeiDou navigation satellite system (BDS) and Galileo system can provide the services
of quad-frequency observations. In this paper, we assess the BDS/Galileo quad-frequency precise point
positioning (PPP) models, i.e., PPP model with two ionosphere-free combinations (QF1), PPP model with
one ionosphere-free combination (QF2), undifferenced uncombined PPP model (QF3) and ionosphere-
constrained undifferenced uncombined PPP model (QF4), by comparing the dual-frequency ionosphere-free
PPP model (DF). The equivalence of the QF1, QF2 and QF3 models is theoretically demonstrated by the
equivalence principle. The static and simulated kinematic PPP performances are evaluated and
investigated with one-month period observations from the network stations and the kinematic PPP
performances are verified with a kinematic experiment in the campus. The results show that the
pseudorange noises of BDS-3 B1C and B2a signals are larger than the Bll and B3l signals and the
pseudorange noises differences for the Galileo quad-frequency signals are not obvious. The performances of
the QF1, QF2 and QF3 models are basically consistent for the static and simulated kinematic PPP. By
adding the external ionospheric constraint, the quad-frequency PPP performances are affected. Compared
to the QF1, QF2 and QF3 models. the mean convergence time of the static BDS (BDS-2+BDS-3) model are
reduced by 4.4%, 4.4% and 5.4% , respectively. The mean convergence time of static Q4 model increases
16.8 minutes when compared to the QF3 model. Compared to the dual-frequency PPP, the quad-frequency
kinematic PPP performances are obviously improved. The three-dimensional positioning accuracy of BDS
and Galileo QF4 models are improved by 11.4% and 31.4% , respectively, when compared to the QF1
models. Furthermore, the BDS/Galileo kinematic PPP models perform better than the single-system
solutions.
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Tab.1 Comparison of BDS/Galileo dual- and quad-frequency PPP models

(e YURIURLEN el €2 €3 ey R R AL Mg 7
DF.C B11/B31 2.944 —1.944 0.000 0.000 0.000 3.528
DF:.E El/E5a 2.261 —1.261 0.000 0.000 0.000 2.588
. B11/B31 2.944 —1.944 0.000 0.000 0.000 3.528
QFt: ¢ B1C/B2a 0.000 0.000 2.261 —1.261 0.000 2.588
. . El1/E5a 2.261 —1.261 0.000 0.000 0.000 2.588
QFl: E E5b/ES 0.000 0.000 39.585 —38.585 0.000 55.279
QF2. C B11/B31/B1C/B2a 1.171 —0.336 1.224 —1.058 0.000 2.025
B11/B31 2.944 —1.944 0.000 0.000 0.000 3.528
QF2. E E1/E5a/E5b/E5 2.317 —0.606 —0.274 —0.437 0.000 2.450
Bl11 1.000 0.000 0.000 0.000 1.000 1.000
B3I 0.000 1.000 0.000 0.000 1.514 1.000

QF3/QF4. C
B1C 0.000 0.000 1.000 0.000 0.982 1.000
B2a 0.000 0.000 0.000 1.000 1.761 1.000
El 1.000 0.000 0.000 0.000 0.982 1.000
QF3/QF4; E E5a 0.000 1.000 0.000 0.000 1.761 1.000
E5b 0.000 0.000 1.000 0.000 1.672 1.000
E5 0.000 0.000 0.000 1.000 1.716 1.000
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Tab. 4 Accuracy of positioning error for the BDS-only,

Galileo-only and BDS/Galileo kinematic PPP models
RMS/cm Jt * PN 3D
C2 DF 24.0 20.0 28.1 42.0
C DF 21.3 13.3 19.2 31.6
C QF1 21.5 10.0 16.9 29.1
C QF2 21.7 9.7 17.0 29.2
C QF3 21.7 9.9 16.0 28.7
C QF4 9.0 21.6 15.5 28.0
E DF 14.7 43.4 72.6 85.9
E QF1 12.7 26.5 52.6 60.1
E QF2 12.7 26.5 52.5 60.1
E QF3 12.8 26.7 52.5 60.1
E QF4 12.3 23.8 52.5 58.9
CE DF 1.7 7.1 7.0 10.1
CE QF1 1.3 2.7 4.0 5.0
CE QF2 1.3 2.5 4.4 5.2
CE QF3 1.3 2.4 4.2 5.0
CE QF4 1.6 3.6 5.1 6.5
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