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ABSTRACT

In Global Navigation Satellite System (GNSS) signal transmission, the ionosphere is the most significant source of error. The
Klobuchar model, a widely used ionospheric error correction model, relies on correction coefficients transmitted in Global
Positioning System (GPS) navigation messages to provide global coverage. However, its accuracy is limited to approximately
50-60%. In this study, correction coefficients and Delay Constant (DC) values were estimated using International GNSS
Service (IGS) Global Ionospheric Map (GIM) data to enhance the accuracy of the regional Klobuchar model, and the resulting
improvements were analyzed. The grid point range for estimating the correction coefficients was defined as latitude 22.5-50°
and longitude 105-150°, considering the Ionosphere Pierce Point (IPP) range over the Korean Peninsula. After calculating the
Vertical Total Electron Content (VTEC) for each model, correction coefficients and DC values were simultaneously estimated
using the least squares method. To evaluate the performance, the DC values were analyzed over periods with varying solar
activity, and accuracy was validated based on VTEC Root Mean Square Error (RMSE) and positioning accuracy using IGS
GIM as a reference. When DC values were estimated simultaneously, the VTEC RMSE improved by 54.8-74.4% compared
to the original Klobuchar model, regardless of the solar activity intensity. Furthermore, positioning results at the Daejeon
Station indicated horizontal accuracy improvements of approximately 1.7-40.0% and vertical accuracy improvements of
approximately 34.8-37.4%.
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FEEE 40t BYAH TS Bol AR S48 BRI AT A
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(@)

(b)

Fig. 1. (a) Locations used for IPP trajectory computation, (b) IPP trajectories computed for GPS satellites for 24 hours at six

sites shown in (a).

3
PER = Z Bnd,  PER >72000 @
n=0

PER = 72000,
M3 02 HelF AAFE FoHe AL Eq, ()3t Lk Eq
(3] P 52040 We)3 Aderg AHe delZo s We
8% Slant Factoro]n, Eq. (4)¢] X, = FARQl 3F4=¢] girjote
LRt Klobuchar B2 2|3 23S Fah= A 2

£ Klobuchar (1987)°]] ZFA|5] 271= o] )t}

PER < 72000

_ Xt Xt
Al =F x| DC + AMP 1——2!+—4! 3)
2rt(t — 50400)
0 4
X; PER ( )
3. 24w
3.1 GIM ZAX} e

A% Klobuchar 29| HHEES %o]7] $Jsh4E GIMY
BE AZES A8 BRs} Gk AHgAL 91X S Tefslo]
Aol MelE R 4 7] U] o Aol ALg A
7} kel S1XI3icka hAsle] SRS Q1 AR Ales)
ek, Ax 2] WSS A $I8) TS W 67) A2 41
F, BE AHIA 24412 5P| PPE AHESIGICE PP A

o

S YALEZRL 15°2 7Pgsleh ZF A3 o] 223 914
Fig. lao]l, B Z|Zol|lA] T IPPE Fig. bl LRt o]
stod Sim et al. (2023)2] A=} Rl 9jet FUsHA A= 9
92 9% 225~50°, A& 105~150°2 A5}t GIMe] Z7t

£ AT AR Y A e WFe R 127, A=
1070 2512 & 1207)7} Hot.

O gE e o ok

o3
b

Ze)

of
00[1
l

3.2 VTEC A&t

L

s

D

Klobuchar 2@ 9] BAA 49} DCE FA517] SJsiAl= 4

!
o:

AZPH Hof|A] B VTECE alof §ith. o] & 93l B At
Holl 547} FAT ARSI GIME 7t Az ol
VTECE A Zste 2 It 2 AFgsgich o8 © 2 Klobuchar &
42 VIECE 3817 I8l & ARPE 9] Algof 914801 245t
cha Fhgsioich. olelet e & A9 el ezt )
7he 747k 90, 02 AR EL Eq. (99 B 9] Te7he v
EFi] Klobuchar & Alof| A 2] 2 E &)= semi-circle2 AHAF
5)7] wjEo] B 0.5t} whehd $4e] merto] 90'2h Eq. (5)
of| 2J3f VTECS STECO 2 WHgls] & F= 12 7S & QI

F=1.0+16.0 x (0.53 — E)3 (5)

REEE VIECE 78 o] A% M
-

ol
T o
S
p
Ko
rir
N
o
)
o,
2,
o

3.3 KLOBUCHAR E3A==2} DC =3

o] ATFollA = ZAAFHE o] 85lo] YA 42l DCE FAl
ofl 24571 #1350, Eq. (3] 4421 DCE m|A$+E 739t
HAAS 248 8l A4S AL & ol vReE

2ol o7lle] 2 FAdErt. BAPALE Y5 AA
Park et al. (2025) =502 thx|sic}. ko2 o] I
t A 40} DC= NEWE, 7|& B A+ Legacy

d 71708 AEs)y] L5l efeF
25 FFe e AHFY B 2ok GPSe Bl
T FES 0HAR 2T H, Y 2L X9 59 oF F
kel wat 370709] Ab A E

2008). whetA] o] AtoflA = B E-S 25t fl8f Fig. 201l
B E A4l F10.79] 1z A+t ghe vrehilc) 20134
FE 20239 F A< F10.70] 7R WtE 20193 7R E9F
9 202395 B4 717ke 2 AAsigich

T
ox
2
>
fo
o J
Q
A
o
o
1
r
Sha
oA

http://www.ipnt.or.kr



32 JPNT 14(1), 29-35 (2025)

Fig. 2. Annual averages F10.7 values from years 2013 through 2023.

Fig. 3. Daily DC estimates for (a) 2019 and (b) 2023.
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Fig. 4. Daily VTEC RMSE (m) values compared to IGS GIM during the solar
minimum year of 2019.

Fig. 5. Daily VTEC RMSE (m) values compared to IGS GIM during the solar
maximum year of 2023.

Table 1. VTEC RMSE improvement of the NEW model compared to the LEG
model.

Coeffs. 2019 2023
LEG 0.90+0.19  2.19+0.52
NEW 0.23+0.06  0.99+0.33

Improvement 74.4% 54.8%
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Fig. 6. (a) Positioning accuracy comparison for DOY 297, 2019, (b) Positioning accuracy comparison for DOY 056, 2023.

Table 2. Positioning accuracy improvement of the NEW model compared
to the LEG model.

DOY 297,2019 DOY 056, 2023

AH 1.7% 40.0%
AV 42.4% 36.8%
A3D 34.8% 37.4%
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Table 3. Comparison of the vertical positioning accuracy of the NEW model
with the LEG and GIM models during nighttime.

RMSE (m)
Model
DOY 297,2019 DOY 056, 2023
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Fig. 7. (a) Vertical accuracy comparison for DOY 297, 2019, (b) Vertical accuracy comparison for DOY 056, 2023.
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