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ABSTRACT

When calculating the user's position using satellite signals, the signals originating from the satellite pass through the

ionosphere and troposphere to the user. In particular, the ionosphere delay error that occurs when passing through the

ionosphere delays when the signal is transmitted, generating a pseudorange error and position error at a large rate. Therefore,

to improve position accuracy, it is essential to correct the ionosphere layer error. In a receiver capable of receiving dual

frequency, the ionosphere error can be eliminated through a double difference, but in a single frequency receiver, an

ionosphere correction model transmitted from a Global Navigation Satellite System (GNSS) satellite is used. The popularly

used Klobuchar model is designed to improve performance globally. As such, it does not perform perfectly in the Korea

region. In this paper, the characteristics of the delay in the ionosphere in the Korean region are identified through an analysis

of 10 years of data, and an improved ionosphere correction model for the Korean region is presented using the widely

employed Klobuchar model. Through the proposed model, vertical position error can be improved by up to 40% relative to

the original Klobuchar model in the Korea region.
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2. CHARACTERISTIC ANALYSIS OF
IONOSPHERIC DELAY IN KOREA REGION
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3. CORRECTION MODEL DESIGN AND
PERFORMANCE EVALUATION
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Fig. 1. Standard deviation of residual error between Klobuchar model and TEC.
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Fig. 2. Standard deviation of residual error between modified Klobuchar model and TEC.
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Fig. 3. Vertical position error improvement rate.
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Fig. 4. Vertical position error improvement rate in 2022 (YONS).
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Fig. 5. Vertical position error improvement rate in 2022 (SEJN).
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Fig. 6. Vertical position error improvement rate in 2022 (JINJ).

A¥slo] 2212 22 AA 51Tt Table 1. Details of reference station (GNSS Data Center 2023).

Fig. 38 SAAMEE & (PEAK)S} H]|ZHAJAME A S (NORMAL) Name of reference station YONS SUWN, SEJN, JINJ
2 1] 7]& Klobuchar @3} 7415 Klobuchar 2@ o] =S Receiver Trimble alloy Trimble NETR9
%A]—’ —,—Y ] ] Eﬂo] E‘] = %‘—9—’6]—01 1047 7:“/KI~ol— 7:]_‘4_0][:]_ Antenna TRM159900.00 SCIS TRM59800.00
7] Klobuchar &2 QF o] o] W2, B3} 7150 Ad5ol
7 840] ysi elsle] Aol WA s PRSI AR 2AR b 2] et ol §31 7kl el )
Yook ol AR ATOIAE A8 8T sl N2 3 Flolu Klobuchar BEle] Zaka} BE Aol Hgdoz
ol eae] AriHsl ool WE4S el 47k Wl tiEolh i} abiEl AAIE Kiobuchar 2o 54 mholeln
MAE 2elo) A9 BE ol |20 Bluct g 4%e T o] Al9fsky 71& Klobuchar 2] A4 g mrt 2o
Uegic) Bgo] ga} 715 ek ofuet = AoA oY 25% o ol AAEE ERIT 4 vk webA] = dE S
o7 o7t == AIHE 7Rttt 7]& Klobuchar 2& A1 544& 22isto] R4 Klobuchar REle Bt g1 0

=
o 79 4 913 o3} WaFgol oF 25-45%el THAT AME 2 1eE AN 212 AAT 4 Yrkm BErE,
B 9 O 45-5607HK] FAEIYSE AT 4 ek

SR Figs. 4-62 AFAGA] AN A5 TRl 915to]

B4k A, A% 1A HloleE Bsled 2022 197kl 4 4, CONCLUSION

5} Afolch, oln} 2718 AIE, AF F1AFe] AR At

Table 19] 323} Slofglch. s A2 ie A welo] AL AT E olg5to] 1212 ALK ) Shell A S48 A1

AASIGY AT e BE 2 AF ANFT AR Y b e R RS AU AMeAelA AgEch HelEe AU
ofR AF /AT AH T EIH AL AT 49 o FHolM HelF ol AT ol 2-Fol o3 4157} YIS

o}, that 423} 10, 199] B9 7129] Klobuchar B&o] A50]  yo} 2417)7k1 ER7 9] ARkl ALk A|ZF A

http://www.ipnt.or.kr



126 JPNT 12(2), 121-128 (2023)

ol e] grol 77 BHE L o] @A WAt olxlA 2] 9%
AR $13] A Al BrdEle] 913 exjl7iA] e m
Lol @3 $17] 23ke] Q) F AP 2 RES ANY HE
dgpo] Ak wlebd ek $131E AL SIsiA S HelZof
ot 2 3k AA= oo} Bk,
Hel% A 038 AASK 7P ZIPHQ gL o] 55T}
4 22g Bl AASKE Reolck. Tt ol WA
Fuh4 ahie] 7R slor Ghck AHBEIE 4417] Sl T Fut
Sk S4l0] 53t FR7E EART olele BY SolAk of
B A B lo] WSl 21 ONSS AR A
aoyu} ) E2¢] ¢l 2= GPSe]

%

IrH
o
b
o
to
N
24
[3es
o
o
N
N
olr

sHARE 54 A5 oS ERlokA] Eohs A7 ST m
A & =EolMe TFAM 5 e oIS IRg -
L5 7iAH Klobuchar R&-& 1QHSIITE Al e B &
ol 2 713} o] Lo|slr] wfiEe] Klobuchar B&E& 7]Hlo 2
SH.

A =AY A S Z]?i o2t EA4E& B4t F 10
7] Hlolel 5 285131, g 199 Holel & &8st &

120?4 ek AL 4%}0%} ANAZe A 4418 HolE 2
AA AE]ZE A &k} GPSol|A] Al-&sH= Klobuchar
5614 AR AE)E A 2 o] EEsto] vl &
leH %E 131% A dlole SN L} IGS Hlo]E
At &4 712 T2 L 71 A=0 7HE-

Z-85I8ltt. o] & S5l AR S A o] S
M ]_oﬂr/]-

s -
Sl o
or_\;.\gmﬂllorﬂ
il 2 g

Sld

s

2,

N oox
r2 o M

w2

o)
5
T
L
N
:T:
£”.=
O
J101'
)
it
LT
)
N
59
il mk;;ﬂ
i
d
32
i
N
=
~
L

o
ke -
N
o3
i
T
L
ol
ol
S

ool
o H
2
U fd ooy or
O
r]r
N
N
N
N
=
(2 lo
g
v
oo
lo

N
(@)
N
w
|o 5
é
lﬂ
iu)
N
=4
~
M
]
l__
L
ol
ol
2

3 H
ARSI

o Mz

N
ol »9
_'_‘\.
32
£3

N

ox Mo rlo
gk
oX
o
fu
um
H‘l
e
=
X,
il
=
ik
ox
o
By
sm
b1
_m rﬂ
=L OOk o 2 8o

ox.
[m
bl
2
Y
>~
>
ro,
I s
(R
ol

odl
[o
T
Pt
£
s
i
ox,
2,
oo

N
b1
2
et
)
X g

L)
N
wo &
o
u
N
ELO
32
KN
2
n
Am

o L

of
i [‘E o
o
0
2
rlr
|
~
2
ro
lo
-
N
N,
§2
rlr
il
Kl
.
b

ne 2
o
<
N
2
2

ox

ml K
o
ok O,
Tz
U 00 g
o
X,
Nl
19
13
o
N
Y
2
g
L
ol
ol
rL ooXx
1 o
ie? of
il
o
o
ki
N
2L

TN

Y
i
d
ta

oo | o [T )
>,
>
3
bt

ok
o
o mok
il
ot
% o
—g‘ HJ
o >
=
e e
= lo
M
N
\I
FE
(A
i
_0_
[
o
ﬁL
i
;‘;
I o
2

M
>
il
4)1
N
Ju}

ru-‘E =4

o

shlch ke B2 ﬁs}o
Klobuchar 2@ 9] dc ZH& A5t
olg@A AAs RElg MRl ARFS WA Y 2w A
A A2 Bkl 1xpH o 2= Aokst nala) Al Ae2
A o3} gke] AR Atete] Bl T, 24 0B
AlA] R 222 AAKE H 71 3A] AEE 2] 02} HAAE

:|:‘

https://doi.org/10.11003/JPNT.2023.12.2.121

& Fall Bk

7]% Klobuchar 28 1X}2] % H7oll A SAIATEE 2o 3l
Fohs Z17ellA] et eoll HA Zich o] &igFo] 53] W
2 B 7REOME B 2 oA s g ERIsigict 24}
A& Gl e Hubd o2 ok 30-40% P L] HAES 71X
AL RISt 2hFoatel H|=eh HFo & o] 2ake] A
A Qo] Word EI 7HEo = MM EE O 5S¢ 4 Tk
o|2RE o]2g] A o] WE4F /N AT WSS
gRelsigict.

2 EiollAl Ak Rellofay 1xH] i F7tellA] bR 217t
HAH o2 A 7ol Hgich ehalehs W E AR
o} B AT BRoA] ZhRe X7} 24 A= Qi 24}
A Grlo A= 7]% Klobuchar ZE o] 7% oF 25-45%% & 7|
o] =AU AT AHAE Bellofal e oF 45-56%714] 2] @ xp7 7
54 B3} 7Hgoll ATt Aol 2A &
= AEA A5l ou] QA

AENE A B3 AR =
A& RIS B =il Ajtske T A9 AHeE
AN eat EA4& vrdste] 7415 Klobuchar HE& ©]-§-51H
7]2&9] Klobuchar =& Bt} 2] 9%] x5 Hr} gapxio=
7hAE 4> Qlt

2 =zolAe &4k a9 71 HolE & &Esto] gk A
A o] M5 A eat 548 wASISITh 283 71 A= 914
7h ol FPFEof 917] wlZell Bot W2 9] U 714 =
dlolel & &3t Bt 1A HelS A o1k 44 #4

o] 7Pssto] BA Aol WAFE 4 9 Acletar Zleheict,

AUTHOR CONTRIBUTIONS

Conceptualization, D. Park. and Y. J. Lee.; methodology,
D. Park. and Y. J. Lee.; software, D. Park. and Y. J. Lee.;
validation, D. Park. and Y. J. Lee.; data curation, D. Park.
and Y. J. Lee.; writing—original draft preparation, D.
Park.; writing—review and editing, D. Park. and Y. J. Lee.;
visualization, D. Park.; supervision, Y. J. Lee.; project
administration, Y. J. Lee.; funding acquisition, Y. J. Lee.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

European Commission 2016, Galileo Open Service -
Ionospheric Correction Algorithm for Galileo Single
Frequency Receiver. https://www.gsc-europa.eu/
sites/default/files/sites/all/files/Galileo_Ionospheric_
Model.pdf



Dana Park & Young Jae Lee lonospheric Delay Error Correction Model in Korea Region 127

GNSS Data Center, reference station information [Internet],
cited 2023 Mar 17, available from: https://gnssdata.
or.kr/cors/getCorsView.do

Hofmann-Wellenhof, B., Lichtenegger, H., & Wasle, E.
2007, GNSS-global navigation satellite systems: GPS,
GLONASS, Galileo, and more. Springer Science &
Business Media (Vienna: Springer), pp.122-128

Klobuchar, J. A. 1987, Ionospheric time-delay algorithm
for single-frequency GPS users, IEEE Transactions on
aerospace and electronic systems, AES-23, 325-331.
https://doi.org/10.1109/TAES.1987.310829

Setti Janior, P. D. T,, Aquino, M., Veettil, S. V,, Alves, D. B. M.,
& da Silva, C. M. 2021, Seasonal analysis of Klobuchar
and NeQuick G single-frequency ionospheric model’s
performance in 2018, Advances in Space Research, 68,
4824-4833. https://doi.org/10.1016/j.asr.2020.11.013

Yoon, M. S., Ahn, J. S. & Joo, J.-M. 2021, A Residual
Ionospheric Error Model for Single Frequency GNSS
Users in the Korean Region, Journal of Advanced
Navigation Technology, 25, 194-202. https://doi.
org/10.12673/jant.2021.25.3.194

Dana Park received the B.S. degree in
Department of Mechanical and Aerospace
Engineering, Konkuk University, Seoul, South
Korea, in 2021, where she is currently pursuing
the M.S. degree in same depart-ment. Her
research interests include GNSS, relative

positioning, sensor integration and Android
smartphone navigation.

\ Young Jae Lee is a professor in the Depart-
‘\”Ira ment of Aerospace Engineering at Konkuk

University, Seoul, Korea. He received his BS
and MS in Aerospace Engineering from
Seoul National University in 1982 and 1985,
and Ph.D. in from the University of Texas at

A ' | Austin in 1990. His research interests include
development of aircraft landing system using GNSS,
development of UAV navigation & control systems, navigation
sensor integration, precise positioning using GNSS, and other
GNSS related engineering problems.

http://www.ipnt.or.kr



128 JPNT 12(2), 121-128 (2023)

APPENDIX

JAN FEB MAR APR MAY JUN JUL

erndrnd

https://doi.org/10.11003/JPNT.2023.12.2.121

Lcoc 020C 6102 8L0¢ yAY 4 9L0e sioe 14104 €Loc

2eoe



