Exploring the current accuracy of the multi-GNSS SPP
solution for mass-market applications
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1. INTRODUCTION 2. PROCESSING PARAMETERS
The Single Point Positioning (SPP) is one of the basic positioning techniques using the Global » Positioning model: Single Point Positioning L oRAR REK e
Navigation Satellite Systems (GNSS) signals. This technique is still widely used in many mass- (single-frequency, multi-system, single epoch) ot Terel” Z_'tﬂz'ARch URUM
market applications for real-time positioning and navigation, which often rely on single- . Pseudorange observations: GPS [C1W/C] 30N [ MKEA GLPS; our SPYC Dio 1S PIyo
frequency observations and low-cost receivers. Thus, the goal of the study is to test the GLONASS [C1P]. Galileo [C1C/X] BDS-3I[CZI] i o U TV
current real-time positioning performance of the single-frequency multi-GNSS SPP solution. ! ! 0S| Raa o TR BRRZ L KARR &
Since the accuracy of the standard SPP mode is limited by the quality of the broadcast orbit, » Products: broadcast or IGS-RTS s KRGk
clock, group delay, and ionospheric parameters, the precise products offered by the Real-Time « Interval: 180 s o waw gcpfm
Service (RTS) of the International GNSS Service (IGS) were also applied to the SPP solution. + Elevation cutoff angle: 15° — q | |
The RTS products are primarily designed to support real-time Precise Point Positioning (PPP) . Test period: 122 days in 2024 100 WSS Wb Was W0 SR SR S R A0 E
mode. However, in this study, we investigate their applicability for improving the current . Gtatictics: O5th percentiles of horizontal and vertical Fig. 1 Distribution of 32 IGS stations used
performance of single-frequency code-based navigation. ' P for evaluation of SPP performance
positioning errors (HPE95% and VPES5%, respectively)

The study period covered four months of 2024, coinciding with the equinoxes and solstices during solar maximum ) | | 1080
period. Space weather studies have shown that electron density varies significantly with season, reaching higher L -
values during equinoxes than during solstices. Thus, the selected four-month study period will be used to analyze S \J\m %f ‘.:z_.
the potential impact of ionospheric seasonal variability on the resulting positioning accuracy. The solar and g, 1140
geomagnetic conditions during the study period are presented in Fig. 2. 170 ©
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Two single-frequency code-based solutions were performed: 61 71 81 153 163 173 245 255 265 336 346 356 366
» the standard SPP based on broadcast GNSS data (labeled SPP BRDC) and ) DC;W(;Z“ ) , )
: Fig. 2 Geomagnetic Kp index and solar F10.7 index over the test perio
« the enhanced version of SPP supported by the IGS RTS products (labeled SPP RTS). g J P P
20 | | _ SPPBRDC - station ZIM2 d | 20 | | _ SPPRTS -station ZIM2__ d | Example positioning results for both tested
HPE95% = 1.61 m HPE95% = 2.17 m HPE95% = 2.00 m HPE95% = 1.27 m HPE95% = 1.03 m HPE95% = 0.87 m HPE95% = 1.14 m HPE95% = 1.04 m . - -
= 10 VPE95% = 3.35m VPE95% =4.25 m VPE95% =4.73 m VPE95% =3.74 m | 10 'VPE95% = 1.66 m VPE95% =1.16 m VPE95% = 1.50 m VPE95% =1.23 m | SOlUtlonS dre S_hown In Flg 3 The tWO
5 presented stations show the superior
E 0L 4 AR oA ALt MO ket s bt Mol b g 0 K performance Of the SPP RTS Solution over
;_10_ | ol | the SPP BRDC. In the case of the European
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61 71 81 153 163 173 245 255 265 336 346 356 366 61 71 81 153 163 173 245 255 265 336 346 356 ses =>rp RIS solution improved the positioning
DOY/2024 DOY/2024 accuracy by around 44% horizontally and
o SPP BRDC - station SANT o SPP RTS - station SANT 67% vertically; in turn, the American station
HPE95% = 7,36 m HPE95% = 1.81m HPE95% = 9.50 m HPE95% = 4.11'm HPE95% = 5.66 m HPE95% = 2.09 m HPE95% = 6.06 m HPE95% = 2.52m SANT, located near the equatorial ionization
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— 14
%“ O "iﬂ,.‘!-"i. ;_.],1-'-| L J! l I‘ el A s AR bal gt e Ll rt,-lﬁ.,;.in-llpi -.L"I'u-!.-._.'i--.lh. I,JI:_-,i.I'i, ".“.'| 1'“I"--"'.l'l-!%-.‘-.='~;-'||;=Il- _'A-u.“h“r“: Lald®ir o ;!.11!,-1 :J. 1..,'4.“...-[ ‘ O l_r,“ . / : 1y J "I R T ST R T 'f AL A r-.iu,,i-,i Lo A R e A LU i 290/0 Vertical SPP RTS accuracy
g Cfff lv | \ i ‘ HW i \{ "\I‘ T | | |" R ) \ | | '\ 'W bl I “H | | Improvements.
< -10 - 10 | . . e
T ’ (' | L In addition, the four-month positioning
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DOY/2024 dN — - DOY/2024 seasonal variations on positioning accuracy,
with this effect being more pronounced at
Fig. 3 Positioning errors of SPP BRDC (left) and SPP RTS (right) solutions for stations ZIM2 (top) and SANT (bottom) during the study period the station SANT.
The positioning results for all evaluated stations are shown in Fig. 4. A significant improvement in positioning accuracy is visible for stations located at higher latitudes, above 35°N/S modified dip
(MODIP) latitude. In this region, the SPP RTS solution achieved HPE95% mostly below 2 m, and VPE95% up to 4 m. However, the stations located below 35°N/S MODIP latitude (from MKEA to
ASCG in Fig. 4) achieved positioning errors of up to 6 m and 8 m for HPE95% and VPE95%, respectively. These discrepancies in positioning errors are correlated with the EIA occurrence.
10 | I-|IP|E9|5°/|o | 10 | \(P!Eglsﬂ/lu | | Table 1 Average HPE95% and VPE95% wrt different
I SPP BRDC MODIP latitude regions
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Fig. 4 Overall HPE95% (left) and VPES5% (right) obtained for each analyzed station. Stations are sorted by modified dip (MODIP) latitude
from northernmost to southernmost.
IF SPP RTS - station ZIM2
5' IF SPP RTS 20 [HPE95% = 1.01m HPE95% = 1.02'm HPE95% = 0.95'm HPE95% = 0.87 m 6' CONCLUSIONS
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The ionospheric-free solution was 2  The results show that the performance of the SPP solution can be improved by around
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computed to assess the influence of 2 _ 34% horizontally and vertically by applying the IGS RTS products. However, the
unmitigated  ionospheric  delay. © e September ecember achievable accuracy depends largely on the ionospheric state and the station’s latitude.
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Regardless of the station's latitude, & 71 &1 15 6 173 245 285 265 336 o6 3% 366  The accuracy of single-frequency positioning deteriorates even threefold during periods of
the IF SPP RTS solution provided . IF SPP RTS - station SANT seasonal increases in ionospheric electron density, i.e., around the equinoxes.
positioning accuracy of around 1 m _ HPE95°|/ofO.98|m HPE95%T1.01'm HPEgs%fo.gs'm HPEQS%TO.QOm
horizontally and up to 2 m vertically. £ 0" TERTIEmo EERRmREm o mEeRmem » During the studied period of solar maximum, a significant decrease in positioning accuracy
A SIgNIfiCANt ACCUFACY IMPrOVEMENT & O s b imimisnuns o st s bmamisssins omipimusn b koo is observed at stations located between 35° S and 35° N.
was achieved ag station SANTO' the 570 . optomber ecomber _ - While RTS geometric corrections improve SPP positioning, the ionospheric corrections still
average HPESS% and VPE9S% for 20 e 255 265 3w s s ses cannot compensate for the ionospheric delays at low latitudes. This is confirmed by the IF
the IF SPP RTS amount to 0.95 m DOY/2024 SPP RTS results.
and 1.59 m, respectively, compared " E & _ _ _ o _
to 4.15 m and 5.02 m for the SPP Fig. 5 Positioning errors of IF SPP RTS solution for stations ZIM2 - Therefore, more effort is I‘eCIUII‘GC! to improve the real-time ionospheric ABSTRACT
RTS (single frequency). (top) and SANT (bottom) during the study period products, particularly for equatorial areas. ID 6926
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