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ABSTRACT

Several experiments were carried out to analyze the impact of the modernized Global Positioning System (GPS) L2C signal
on pseudorange-based point positioning. Three dual-frequency positioning algorithms, ionosphere-free linear combination,

ionospheric error estimation, and simple integration, were used, and the results were compared with those of Standard Point

Positioning (SPP). An analysis was conducted to determine the characteristics of each dual-frequency positioning method, the

impact of the magnitude of ionospheric error, and receiver grade. Ionosphere-free and ionospheric error estimation methods

can provide improved positioning accuracy relative to SPP because they are able to significantly reduce the ionospheric error.

However, this result was possible only when the ionospheric error reduction effect was greater than the disadvantage of these

dual-frequency positioning algorithms such as the increment of multipath and noise, impact of uncertainty of unknown

parameter estimation. The RMSE of the simple integration algorithm was larger than that of SPP, because of the remaining

ionospheric error. Even though the receiver grade was different, similar results were observed.
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2. MATHEMATICAL MODELS FOR DUAL-
FREQUENCY POSITIONING
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Table 1. Positioning algorithms used for the experiment.

Positioning algorithm Description Remarks
I Single point positioning Single frequency
I Tonosphere-free linear combination
I Ionospheric error estimation Dual frequency
v Simple integration

Table 2. Observation data sets for experiment.

Set Type Station Receiver Antenna Date Duration (hours) Interval (sec)
DOND, PUSN, SEJN, WUL]  Trimble NETR9 TRM59800.00 2020.05.05.
A Permanent . 2021.05.05. 24
JUNG, SONC, YECH, YONK Leica GR50 LEIAR25.R4
2022.05.05 1
Leica GS10 LEIASI1 6
B Temporary Javad Alpha JAV_GRANT-G3T  2022.05.05.

U-blox ZED-F9P  ANN-MB-00-00 (02:12:00 - 08:11:59 GPST)
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Fig. 1. Layout of permanent stations to obtain data set A.
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4. ANALYSIS OF RESULTS

4.1 Impact of Positioning Algorithm
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Fig. 2. Set up of temporary station with different grades of receiver to
obtain data set B.

F20] we 2] 44 A7 vlaa}aAt HolE Al Ag] 2020
d PEeo]HE %%ou} iz 38 1 7 591 49 23 5
DOFQ]_ DOP ] O =, /‘\___. k) ]:H/K]- /K]-/\].L]—z S|
ol Tist ATE A2 L}E}Lﬂu} I RS ARAT (A
<] DOF$} DOP7} SPP (PA 1) Zate} Aol £e5 AL Kol
Zc} del% o3} 24 W] (PA IDO] DOFE= PA I} S5k}
DOP7} ATH o & AL 2Q1st 4 glor, ol 2718 ul]
0] 27 B34 o] 9] AT FEE ]2 Aola} olafE
Aot @55 £9] (PA IV)2] DOF+= SPPo]| H|3|| 09, o]of
Tje DOP7} PA I9] H]3} 2 22 P 4 9lck, ol2let A%
o o] A A ThE RE PEolA e} LRt
Fig. 4= t|o]E] M| A2] 87 AL % DOND HE ©&
SlolEl 2 ] 717 Z¢) ubgo R zm H 3 B0 23T

%, PAIVE] A% B 5 5 PA L2} u] 5 o OFZF o0
ol fETo]E 4-0] F7} A ofhF 4 9lr
Hlo]E] A= A % 20201d0] thEt 87 AHA]
To} FEE WFS Aua) 4202 LHS|
o} oY EA e 2Ested o) F AFele 1
thgt Aotk 29S B9 PA I 9] 44 9

217} PA Io]] H]E]] 2 A TS 4 °‘°u1 ol= LA AlAE
A ZR1gH e} Zho| & o] FFuby £9] WAl 9] 2l HF 2]

fuYe)
SPPOH H]oH EL7] ]IH—‘?—O]E]' PA IV_,] X‘]Uh:l— PA L\—]- _‘E]__ i]'o]
Holz] ¢row], 7 o] =0
o] 27 HE $F0] Tr*}oM OIE} o4 m} Zo] M3}
S5 ATEH A 74 o] FFahs 59 B RMSE7]— SPPo]| H]
3 2 ZS 2RI 4 QlTk PA I, [119] {0l 72t £7151 9]
AT EARS ZE a3 FU1E njA 4 £ Bl 9]
oJaFo] 71 ¥elo & =Hlr} PA IVe] 72X Klobuchar 3o 2

= —

D:IIZ’L"



Seonghyeon Yun & Hungkyu Lee Analyzing Characteristics of GPS Dual-frequency SPP with the L2C Signal 161

PA | PAI
45 DOF 4E DOF
12 12
4 ]
L] &
e g ol Y g ol

PDOP

0
0 43200 86400 1] 43200 6400

Epoch Epoch

PA Il PA IV
DOF
15 15
12 12
] ]
& &
3 i 3
M gt fol

PDOP PDOP

0 0
0 43200 86400 0 43200 86400

Epoch Epoch

Fig. 3. DOF and DOP of four positioning algorithms with DOND station in data set A (year 2020).
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Fig. 6. Monthly averaged number of sunspot (SWPC 2023).

(a) 2020.05.05. (b) 2021.05.05.

(c) 2022.05.05.
Fig. 7. Daily averaged VTEC from IONEX for the date in data set A.

Table 3. Averaged values of DOF and PDOP for data set A.

Index DOF PDOP

Year 2020 2021 2022 2020 2021 2022
I 1.39 1.37 1.37 3.81 3.58 3.67
I 1.37 1.34 1.36 3.90 3.65 3.73
III 1.39 1.36 1.37 11.01 1064 1091
IV 674 6.71 6.73 2.72 2.53 2.61

Positioning algorithm

4.2 Impact of Magnitude of lonospheric Error a5 golgl AE A9 Bagale] o5t A 2] Uz W
Vertical Total Electron Contents (VTEC)E AF&5}1, ©|E Fig.

TEdlolelo] 23 AE|S o4} A7]of whE 4712 £9 & 7o EAIBIITE 28-S BH 2020\ 9] VTEC F7|&= AFds] 2+
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S Bk WS 0 B e BEI S WU s W, 202000 BRI SR A
1451 o] 9l om (Leick et al. 2015), o= E|oF 54 74~ o1&k 4= Qit},
E3f 71 A- o2 1% 4~ It} Fig. 62 National Oceanic and 20200l A 20220 Alo] L2CE $-&5t= AUst 94do] &
Atmospheric Administraion (NOAA)ol| 4] A|l-Zsh= EfF -4 7} ERIE R o, A& 93} 7)o whE okt Aw R 7R}
o A7 B AAG S el Aol (SWPC 2023). slig 13 A GRlo] tisle] TE o2 FETE 9T 290 Fgslgith
< 1d 719 efFdgol 20200 5471, 20211l 4] 2022 Table 32 U] 7}A] S9] WAlof] et =" 3t DOF} PDOP
dow Alzte] Aol whet 33 471 37k 5wk Bl B B 20k 40w, Fig 3o EAHOR Ay 59 gl
A L &S Hoj&Eet 53], 20219 H]s) 2022 &4 47} o] W2 EX L Holzr} 9x| AR &85l oA 47} U
A F71s AL TS 4 Ut International GNSS Service 7] W&ol o]& Zre] AArH Xjo)r} 3] ok
(IGS)NA A BsH= Hel2 Bl 314 ATHEC] IONEXS & Fig. 82 DOND 27 A5 A= lojel ) 7hx] 2]
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Fig. 8. Coordinate time series of northing for four positioning algorithms with DOND station in data set A.
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