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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 iono-
spheric model (SIM) is closely related to modeling location and between-station distance. How the above
factors influence SIM accuracy and PPP-real-time kinematic (RTK) positioning is analyzed. Methods:
Slant ionospheric delays 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
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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, China, respec-
tively, 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 dis-
tance, the SIM accuracies showed slight differences when it expanded to 611 km in Europe during the mag-
netically quiet days, whereas an evident trend of decreasing model accuracy with increasing between—sta-
tion distance occurred during the magnetic storm or in Yunnan Province, China. 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.
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Table 3 Model Accuracy of GNSS Systems in Europe/ TECu
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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
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PPP-RTK-47 1.5 2.3 3.1 6.7 3.4 8.5
PPP-RTK-35 1.9 2.6 3.5 6.6 3.9 8.5
PPP-RTK-23 2.5 2.9 4.4 9.5 4.6 11.6
PPP-RTK-12 5.1 4.0 7.3 15.5 6.3 17.2

H , PPP-AR “F ¥ Uit St [a] {3 B 330 384 fin , {2 PPP-
RTK S E A2, H 2 R ER.
32 HEZEMXELE

& 8 A9 73 il 7 T G #0 H = ma M X 45 T
B SIMN AMEEREIE . i H SR H& T
BRBMGAEBEESIHENMRS iR, Fh
B 2 X, H B R Py SN A AE R S %
il KA 7R A A A 5 O M XS 4 R — E, H R
TE 2 T by DI o 728 1 302 0T 08 W 3 AH B TR
Y HL DX, o 2 R b XS5l [A] BE NS 2 (H
BERYORS BE A 25 T RN M X 2 5 . — Oy T,

CMONOC M {6 5 42 % GPS 1 GLONASS %
4t , H GLONASS F 4t A [8 2 B B2, PR 1 H:
STEC &R FE 5 75 — J7 1, v [E == g 1 X 25 B 1T
i, 21" N~30°N 1y F A5 [ 1F 4 T o5 18 L 25 2
S H DX, S 2 P S B 25 Ay T 2 2 )
HH A A

FH 3 XTA G 4558490 0 = 4SSt a) an el 10 B
IRo TEARA LS  PPP-RTK-30 & M e bf, =
AT SR E) g 4.11 min, PPP-AR /A, 7 12.9 min.
PPP-RTK-6 7 #f 43 5 5] v 1) 36 9L 5L %8 2% T PPP-
AR, IZ KT 30 min, AT DL % Bk 6 55 451 34 4b - 24
Hb B 12 B 28 16 B, 1E R — K H K BH I Bl d iR
P ) B o

55 68 1 3 e iR 22 g5 R E 11 R
TR H R R B I F 5 R
PPP-RTK-30 & {I , PPP-RTK-21 #l PPP-RTK-
12 5 Z JE 5 HH T, 1 24 D b B 2 21 6,56 68
I3 L R 7 1R 25 7E 45 5 ] Y9 A 3G ORI ) PPP-
ARG B 2 20 3 KRR AE ) b — BB o] 9 A
WS 220 T 45 i 5 A0 RS T R AIG, 5 3500 S5t
8] K F PPP-AR.



2388 ROBK 2 4 (fF B A D 2025 411 A
= 0.6 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2 04F A
wn
E0v—‘NMV)\Dl\OOO\O—‘NMVW\DI\OOG‘O—‘NMWWNDI\OOO\O—'N
S O O O O O O O = ™ = = = = = = = == aaaagaaaaaaaaAaaAaN A onono©
Rt CRCHGEGCEGROEGECECRCEcRCcRCECNCECEGCIORGCEEGHE GGG G e G Gt &l Gl &
Eir_' 0.6 T T T T T T T T T T T T i T T T T T T T T T
T 04+ I SIM-30 e SIM-12
B ok EmSIM-2| EESIM-6 ]
i
Cssgzgszgesorneteasaygy
FRIIXIEERLAAALAER LD DR
K8 it H i E = re DR Y A S R
Fig. 8 Internal Model Accuracy in Yunnan Province,China During Magnetically Quiet Day
=
O
3|
=
5 0.
2 O o ogonesEgo-NmTInereag o Snd g en e e oo
4z D000V LU UUUVDULULUUOLLLDOLDDODULDUUVLOLODLOLROO
£ T L B B N
= 3.0 I SIM-30 SIM-12
& 15+ ENSIM-21 EESIM-6 —
i
s sgzgszmgSsmrnecxoassagy
FRIIXIEERLAAALAER LD DR
B9 e H o E = R RO ARG
Fig. 9 External Model Accuracy in Yunnan Province, China During Magnetically Quiet Day
x5 HEZEHEREIERSEEBE/TECU
Table 5 Model Accuracy of GNSS Systems in Yunnan Province , China/ TECu
_— We#y H NAFE RMS W H AT A RMS 4% H NAFE RMS 4% H AT A RMS
R
GPS GLONASS GPS GLONASS GPS GLONASS GPS GLONASS
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 1.17 3.03 0.01 0.01 1.39 2.39
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Table 6  Statistics of Average Convergence Time in

Yunnan Province, China/min

Tl 1SSt ) AR 1 BB ]

Ge it K wmER =4 kR mR =4
2 I B R o R - 1 R S |

PPP-AR 14.7 7.5 174 171 7.6 19.4
PPP-RTK-30 4.1 4.9 7.3 9.0 4.7 11.4
PPP-RTK-21 5.4 4.6 8.2 11.2 5.5 14.5
PPP-RTK-12 8.5 5.1 11.7 154 6.0 18.1
PPP-RTK-6 15.5 7.3 18.7 272 9.7 31.1
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