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Abstract: Objectives: Precise slant ionospheric delay reference is the key to rapid initialization of Global Navigation Satellite System (GNSS)
Precise Point Positioning (PPP). The accuracy of regional slant ionospheric models (SIM) is closely related to modeling location and between-

station distance. How the above factors influence SIM accuracy and PPP-RTK positioning is analyzed. Methods: Slant ionospheric delays
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were extracted using uncombined PPP-Ambiguity Resolution (AR), and the receiver code bias in them was canceled by making differences
between satellites. The SIMs consisted of polynomial functions and residual grids and were constructed under different between-station
distance conditions. Then we assessed accuracies of SIM and used them for PPP-RTK positioning to inspect improvement compared with
PPP-AR. Results: The experiments were conducted in Europe and Yunnan Province respectively, which were very different in latitudes.
During the magnetically quiet days, with an average between-station distance of 417 km in Europe, the external accuracy was better than 0.4
TECu overall and the PPP-RTK solutions reduced horizontal and vertical convergence time by 82% and 44% respectively. In Yunnan Province,
China, only when the average between-station distance was less than 130 km could the external accuracies and the PPP-RTK enhancement
approach those of Europe. In terms of between-station distance, the SIM accuracies showed slight differences when it expanded to 611 km
in Europe during the magnetically quiet days, whereas an evident trend of decreasing model accuracy with increasing between-station distance
occurred during the magnetic storm or in Yunnan Province. Conclusions: For regional ionospheric modeling in mid-to-high latitude regions
such as Europe, the ionosphere is spatially smooth enough, and the between-station distance there can expand appropriately but not too much
in case of PPP-RTK degradation during magnetic disturbance. While in low latitude regions such as Yunnan Province, due to the equatorial
ionization anomaly, We do not recommend between-station distance to be larger than 100 km, otherwise the model accuracy can not meet the
users’ demand.

Keywords: ionosphere; undifferenced and uncombined; precise point positioning; between-station distance
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Tab. 1 Experimental Parameter Configuration

T
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R X [ = e X
GPSL1/L2
. GPS L1/L2
LA A3 A5 Galileo E1/ESa
GLO G1/G2
BDS B1I/B3I
WLAE KA 30s 30s
JRe 55 vt U 25 4 47/417 km. 35/486 km. 30/130 km. 21/149 km.
2/ T30l A R 23/611 km. 12/862 km 12/190 km. 6/300 km
FH P kS 21 13

At n=3, m=2 n=2, m=1
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EO1
- E02

6 — N N T v O > 0 N O — &N T N O >~ 0N O — A1l n T o >~ 00 N O —
s S O O O O O O O O = = e e = e e = e e o0 I o N o BN oo Y ot A o IR o N o I o BN o M o TN 0. NN o 0
= OO0 O O0OVO OV VO UVVLLUVULLVLLYUVLLVOVLLLOUOVLUOLUVOLUOVLL OV OO VOLOODO
s O8—T—T T T T T T T T T T T T T T T T T T T T T T 1

£ 06 -
40 041 -
g]\;O.(Z)— -
= —~ & N S V> ® N —~ N en S N 0 O —~ T ~ — o

=V_H S O O O O O O O r— e e e e - (o BN o BN o IENE o BN o\ BN e o NN o 0 ) o

* o = S S = B B S R e R R SR SR a5 NS NS RS RS D@ o

B 4

T T T T T T T T

m
1.6 I S1M-47 SIM-23
0.8 B SIM-35 I SIM-12
0
Q O LU U U

5 fiid O 3 X Pl 2 2 B R AR AN T ARG L

Fig. 5 External SIM accuracy in Europe during magnetically quiet day

%3 BRI IX 2 TR RGRRE BE
Tab. 3 Model accuracy of GNSS systems in Europe

WiE H A4S RMS/TECu WEE HAMGS RMS/TECu W2 H N4 RMS/TECu 18 H4M% 4 RMS/TECu

TR
GPS Galileo BDS GPS Galileo BDS GPS Galileo BDS GPS Galileo BDS

SIM-47 0.14 0.13 0.38 0.32 0.31 0.86 0.28 0.24 0.56 0.66 0.62 0.98
SIM-35 0.13 0.12 0.34 0.33 0.32 0.87 0.26 0.23 0.51 0.71 0.69 1.04
SIM-23 0.16 0.14 0.36 0.36 0.33 0.88 0.21 0.18 0.41 0.75 0.74 1.10
SIM-12 0.01 0.01 0.01 0.60 0.54 1.36 0.01 0.01 0.01 1.16 1.11 0.94
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Fig. 7 68th percentile positioning error for users in Europe
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Tab. 4 Statistics of average convergence time in Europe

il F P ST ) fmin it 3 F P 840 i min
R R
KFI 1) FRE T =471 KFIT 1] ERT I =TT
PPP-AR 8.5 4.1 9.4 9.9 4.5 10.8
PPP-RTK-47 1.5 2.3 3.1 6.7 34 8.5
PPP-RTK-35 1.9 2.6 3.5 6.6 3.9 8.5
PPP-RTK-23 2.5 29 4.4 9.5 4.6 11.6
PPP-RTK-12 5.1 4.0 7.3 15.5 6.3 17.2
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Fig. 8 Internal model accuracy in Yunnan Province during magnetically quiet day
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Tab. 5 Model accuracy of GNSS systems in Yunnan Province

Hi# H W & RMS/TECu 6 H4M%F & RMS/TECu Tidi %% H W #4585 B/ TECu td % H ARG & 88 2/ TECu

1A
GPS GLO GPS GLO GPS GLO GPS GLO
SIM-30 0.26 0.39 0.48 0.97 0.30 0.43 0.54 0.88
SIM-21 0.24 0.35 0.54 1.00 0.25 0.35 0.60 0.94
SIM-12 0.19 0.23 0.62 1.21 0.21 0.24 0.66 1.07
SIM-6 0.01 0.01 0.17 3.03 0.01 0.01 1.39 2.39
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Fig. 11 68th percentile positioning error for users in Yunnan Province
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Tab. 6 Statistics of average convergence time in Yunnan Province

File H P 22 S IO 18] /min il 3% H P 2 S5 3 /min
AT 45 R
IRFTT R T ) =HETTIR RFT I AR ] =TT

PPP-AR 14.7 7.5 17.4 17.1 7.6 19.4
PPP-RTK-30 4.1 4.9 73 9.0 4.7 11.4
PPP-RTK-21 5.4 4.6 8.2 11.2 5.5 145
PPP-RTK-12 8.5 5.1 11.7 15.4 6.0 18.1
PPP-RTK-6 15.5 7.3 18.7 27.2 9.7 31.1
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