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ABSTRACT

The National Geographic Information Institute (NGII) is preparing to transition from dual-frequency to triple-frequency GNSS

data services by upgrading equipment at 99 Continuously Operating Reference Stations (CORS) in Korea. In response to this

transition, this paper proposes an enhanced cycle slip detection algorithm based on a pre-processing algorithm (KPrep1) from

previous research to support triple-frequency observations and analyzed its performance. For performance validation, five

days of triple-frequency data collected from NGII-operated stations were utilized, and the results were compared with those
from RINGO, software developed by the Geospatial Information Authority of Japan (GSI). The comparative analysis showed
that the difference in the number of detected cycle slips ranged from a minimum of one to a maximum of six, with an average

difference of approximately two. Furthermore, a very high correlation coefficient of 0.98 was observed between the two

programs.
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Fig. 1. GNSS CORS of the National Geographic Information Institute (NGII).
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Fig. 2. Diagram of KPrep2 GPS data pre-processing algorithm.

Ast, &H T epochd 236}
Ao, Ael% AL AASL w4
EWL ‘P(o,l,—l)% Al (4)9} 72Tt
f2AP,+f3AP; _ fohd,—f3A¢3
f2tfs ot )/A(O,l,—l) 4)
37|14 AN, 9] EEHAHE 2F 0.066 cycleR, HFRER 7}
AWLS W] 0.5 cycleS AAZCZ A5 LMo 7 AJo|Z
&HU& AET 4 Aot (Zhao et al. 2015). kA KPrep2o A=
AN(ol 1)4 37]7]- 0.5 cycle J_J_]» 7:] o /\]'OIEL"EIO] H]—/LH ]_

As¥era Aeio} g
AN )R R 7Aoot

BNo1-1) = AN, = AN; = (

Aoz 7Fsiglon, /b APke ASE whestel ullg4
£ AHSCE EWL ZgollA Aol 2%l ZEEH, 4 (5]
WL Z5to]| A 835ic)

bw01-~Pwo-1) = Nao-nAao-1) — Nor-ndor-n+m  (5)

AZNA 5=Bos-nPuoH2E o] A S AA Alfolr], A%H
5 epoch?t 29H& F3all 4] (6)3} o] AT 4~ gl

AN( )= ((A¢(U,1,—1)_A¢(1,O,—1))_771AI+AN(O,1,—1)A(0,1,—1)) (6)
1,0,-1) —

Aao-1)
oluf, M5 & nAls WL mpxlo] |3l w9 2k gro|og &2
A5, EWLT} o712 & 0.5 cycled QAIZEo 2 A s1o] A}
o]Z49& AZ3Ic} (Zhao et al. 2015).
NL 2%} ¢ 10> WLE 7—‘4%5}04 AL (DA 2ol Yephd 4~ 9l
ch. 71A 1,=Bu0 Poanl R AES AdAFo|w, A (NS A
4% 5 epoch 7+ 232 F3f A (8)at o] FT 4~ Qi

ba0-1)~P2-10 = No-1042-10 = Nao-ndaoe-v + 120 (7)

(A¢(1,o,—1)‘A¢(2,—1,0))_7]2M+Aﬁ(1,0,—1)1(1,0,—1)) (8)

AN, _ =(
(2~1,0) A0

Al (®)ollA Al S AA HskFo g2, Ae)F AAAS (1)
1926 o] 45 BAslH, QAIZE 0.5 cycled 7|& 02 Alo]E&
2] Wb o] B2 sedsich (Zhao et al. 2015). WLI} NL B Ajo]
%%EJ O] —J_ZH#H:]-I J}E}Q = 75] L) AN(l.O,—l)Jﬂ' AN(z, 10)‘5 ‘f'_].'%%
sto mA Y45 AT

Al 71T vke} o], o] =FoflAl= Zhao et al. (2015)9]]
A ARME AFE TN Ale] 249 AE WHE o]85tke
KPrep22 351git). 37 ol ] &a1a] S At b & Muisict,

3. AloIZ£E A ¢uaE e
TurboEdite} RINGO 5 GNSS A Z]

G FL olF T
A AFSFaa GNSS TSd|olEfof] tigh Hy

AL EES P

AFED 510 U A

w5
o A A2 D Aol 28 A 14 15 )
on, dlole £4 F7} AN vtz FU A2 Hel A

S {EIHE AL, BYsHE 7]Ee] EAlE e Sltt (Kim
et al. 2025a). 0] =)A= KPrepl& &-8-5}of 4F %‘—ﬂ# My
o] AtolE &Y AE 715S F7F sl 1 4% S RINGO2}

DECECE

KPrepl> #5215 Y — w5dlole] HY — oA A&
RAA > AA Hz A2 L B ~ /\l'o]%%au A4 4 EA
SA2 L= o] 9lch KPrep2:= KPreple] &g TxE= ¥

745HA] ¢kl Edloly HY ‘374101]*1 d4gs 1%E1101E194 %
R F5jof GPS-only ol 3 S 41553442 djole
£ siolct (Fig. 2). %ﬂﬁ% HEHolE e olFFat
E1—4 78% Kprepl 2] da2|5& A -&otH, 55
—)r— HEdlolel] B 2 =RolA /NE As e dae
= KPrep2E o]-&5HA Fot ZF &4 ¥ flage Kim et al. (2025a)
o Els}n, WAL HT B chajaic.
o] = Hoj| A 73 KPrep2 ¢t1a] =& GPS LI, L2, L5 Zu}
£ o] &5}, 2&of|A] 7143t Zhao et al. (2015)2] EWL, WL,
NS #3402 4a, of /9L ke wal
ob th7] o}, 2elm A% oxE AR o ASkE Be
sl Bk 3UR Aol3ET AES sl Sk wek
EWLo| Sl e, WL sieh Bt ol 4
2 R olgl Hlm, WL ARsiA) ohow NLejd 1]
39 i A% gl 5 St b o] 1 2918 £

Ao 443 A3 1o} B ol 34T Aol Kol
o, o] 7% 99% $22] o] FEY BE AT Hol e

Z¢ a:]z% ?ltt (Zhao et al. 2015).

o|ZZul4E o] 83lo] Alo|ELHE AET AL 1-2 cycle
olite] Aol E&YL L AERE WHTt} (Deo & El-Mowafy
2015). 4138 L312]E<l KPrepl 9JA] 2 cycle m|The] Alo] 253
o7AER 73l o) 2 cycle oAkl 7o tha| Ato] S
sttt (Kim et al. 2025a). ©]o]] BFsl| Zhao et al.
AEFIE o]-85te] 0.5 cycle 2719] Afo]
AZo] 7}s5h, wEkA] KPrep2o A& 0.5 cycleS

) g5lo] Aol 24 A Y FL T

o] =Roflxx A8y oItoflA] 7ikE A X 7] &are]E KPrepl

http://www.ipnt.or.kr



124  JPNT 15(1), 121-127 (2026)

Fig. 3. NGII CORS. (a) CHEN and (b) CHLW.

Table 1. CORS equipment information.

Antenna Receiver Radome
CHEN LEIAR25.R4 LEICA GR50 LEIT
CHLW TRM59800.00 TRIMBLE NETR9  SCIS

Fig. 4. (a) Cycle slip detection flags and (b) differences in cycle slip
detection flags using KPrep2 and RINGO at CHLW station on July 24, 2025.
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Fig. 5. (a) Number of cycle slips detected by the KPrep2 and RINGO, (b) The
difference in the number of detected cycle slips between the KPrep2 and
RINGO.

Table 2. Comparison of cycle-slip detection counts between KPrep2 and
RINGO using triple-frequency data at CHEN and CHLE stations.

# of cycle slips
KPrep2 RINGO
001 69 63
002 37 40
CHEN 003 47 46
004 52 55
005 32 30
205 23 22
206 16 17
CHLW 207 25 22
208 17 16
209 17 16

SITE DOY KPrep2-RINGO Diff. ratio (%)
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Fig. 6. Correlation of cycle slip detection using KPrep2 and RINGO.
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Table 3. Comparison of cycle-slip detection counts and their differences
among KPrep1,2 and RINGO at CHEN station.
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001 41 38 3 28 25
002 27 29 2 10 11

CHEN 003 32 33 -1 15 13
004 42 40 2 10 15
005 35 40 5 -3 10

(YRDOY 25005 AF5-Fute dafeh= 7401] Zpo)7} Jlot

Aol e AR 2218 Belon, o] gg sk BE
] 42 2ol 2 Bk o]t 5 LwelF 7 Bixjolwt

e, 2 Aholo] Wrligto] AFEFTI40 o] FFI4 BE &
AFBlEFE A& SJulghek, d, Table 29} 1] 38 o) F U3t
29| Hlo]E|Z A SN BT} Fue 230l T
Apol247 7% ol Ml 2 olr} Ueht A o 4 9
KPrepli} KPrep2= 2| A -371 ~ Htf| 28747}A] X}ol7} rom,
RINGO:= -107]] ~ 257}19] Z}o]2 Hair}. o]o} 7re Azl =

otmz)E 7 A} Aol 3] ekoui, L5 BEdjo|elo] st
£ Alol2 e o) G Fube 23 sl WE A% A% 7

Slof| wh AatE ek

5.2

rhu

o] =Fof| A& Kim et al. (2025a)0l| 4] /i A=) 2]

& ol8st ATt AlolE el HE dadEE Ut
5} RINGOS} H]w5}o] Al%-S BAsleiTh Kim et al. (2025a)
ol AtE AHE s KPrepl, 8] o] =ES ES
WA arE]S-E& KPrep2atal Y WD} %EXla]Xé_ti% zl
hEA Q} %_-_9 LéMﬂH A 2 °E17J

SEDER *}Ol %
=0l ol okg
-2 67

_>'.]_|‘
g 9
N
N
W
o
v
{o
O_
4
(=)
[e}e)
=
x
)
El‘

2 wolch w3 aan Hg Bt Aol 2
o 06N, Be 1), Fe) BS Ak ), B LNE Lhelt 3
220l BUA $ARE AE A DOl TS TAT 4+
QGTh. el 7k Al FET AAS BA] ATk A
S 0982 WS £ ATIE Btk 0|9} e AT o] FF
sh4 ATl 0] 43 AOlE A0] fARF $FO2 e}
wrom], B -06A, AHF 2674e] 2ol BT 7P ke
Aol 9] A3 S Kerep? 2l Kol AegiolA £
3k 4AE Beow, o g Aelsiu o FFuke, AFFIS
B 1) el AT AOIE HEICh ol S melFo) B
F tolo} Al B, Hrh olol A fAk A5-& BT 4 9
cHe A Sivlsiot olo} 2 sk Fa) & el AL

u GNSS T
sirhed] olel} olet. FEA| 2

Zgolg] 24 A7

http://www.ipnt.or.kr



126 JPNT 15(1), 121-127 (2026)

< &P Jago|l=E ¢85
NEX3 ¥ 9] Al5ZFul4: g|o]E]
FH|5}a Qlo). whaka] JA) AMRS
37} e A tiAshe] ey E <l 4L
o] Tr=d|o|g] Algof 7]oiE 4 & Aoz y|hE.

lo rie

ft rlo
=2
4
Bl
r.l
AN
b
fjr
T 4

R
rid
to B bu
U‘IH —\—' [Ulﬂ.l
pacs
e
>_]
™
QO
(@]
N
T
=)

)
dl

g Lo > ok bz
o
ﬂ.l

i)

ACKNOWLEDGMENTS

This research was supported by Korea Agency for
Infrastructure Technology Advancement grant funded by
the Ministry of Land, Infrastructure and Transport (RS2022-
00141819, Development of Advanced Technology for
Absolute, Relative, and Continuous Complex Positioning to
Acquire Ultra-precise Digital Land Information).

AUTHOR CONTRIBUTIONS

Conceptualization, J.H. and K.P.; methodology, J.H.
and K.P.; software, H.K and J.H.; validation, H.K. and J.H.;
formal analysis, J.H.; investigation, H.K. and J.H.; resources,
N.N,, J.H,; data curation, H.K. and N.N.; writing—original
draft preparation, H.K.; writing—review and editing, H.K.,
J.H., and K.P.; visualization, H.K. and J.H.; supervision, K.P.;
project administration, K.P.; funding acquisition, K.P. and
H.J.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Ban, H., Li, K., Wang, K., Jiao, Y., Liang, L., et al. 2024, A
hierarchical combination algorithm for real-time cycle
slip detection and repair in low satellite elevation and
high ionospheric activity conditions, Scientific Reports,
14, 2342. https://doi.org/10.1038/s41598-024-52902-x

Blewitt, G. 1990, An automatic editing algorithm for GPS
data, Geophysical Research Letters, 17, 199-202.
https://doi.org/10.1029/GL017i003p00199

Chen, Z., Cuj, Y., Li, L., Zhang, Q., Lu, Z., et al. 2020, GDP:
an open-source GNSS data preprocessing toolkit, GPS
Solutions, 24, 87. https://doi.org/10.1007/s10291-020-
01003-z

Deo, M. & El-Mowafy, A. 2015, Cycle Slip and Clock Jump
Repair with Multi-Frequency Multi-Constellation GNSS

https://doi.org/10.11003/JPNT.2026.15.1.121

data for Precise Point Positioning, IGNSS Symposium
2015, Outrigger Gold Coast, Qld Australia, Jul 14-16
2015, pp.1-15.

EarthScope Consortium, 2023, NSF GAGE Facility Citations,
Retrieved from https://www.earthscope.org/app/
uploads/2024/05/2023_GAGE-publications.pdf

Estey, L. H. & Meertens, C. M. 1999, TEQC: the multi-
purpose toolkit for GPS/GLONASS data, GPS Solutions,
3, 42-49. https://doi.org/10.1007/PL00012778

Feng, Y. 2008, GNSS three carrier ambiguity resolution using
ionosphere-reduced virtual signals, Journal of Geodesy,
82, 847-862. https://doi.org/10.1007/s00190-008-0209-x

Freymueller, J. T. 2003, IGSMAIL-4318: new version of
ClockPrep program, IGS central bureau. [I[GSMAIL-4318]:
New version of ClockPrep program.

Ha, J., Kim, Y.-G., Rim, H.-J,, & Park, K.-D. 2023, Investigation
of Precision Orbit Determination Procedure and Models
for POD SW Development, 2023 IPNT Conference,
Jeju, Korea, Nov 1-3 2023, pp.217-220. https://ipnt.
or.kr/2023proc/152

Kawamoto, S., Takamatsu, N., & Abe, S. 2023, RINGO: A
RINEX pre-processing software for multi-GNSS data,
Earth Planets Space, 75, 54. https://doi.org/10.1186/
s40623-023-01811-w

Kim, H.-H., Ha, J., Kim, Y.-G., Rim, H.-]., & Park, K.-D. 2025a,
Development of GPS Data Pre-processing Algorithm
Using Dual-frequency Observations, JPNT, 14, 157-165.
https://doi.org/10.11003/JPNT.2025.14.2.157

Kim, Y.-G., Rim, H.-J., Ha, J., & Park, K.-D. 2023, Comparison
of Solar Radiation Pressure Models for Precise Orbit
Determination of GPS, 2023 IPNT Conference, Jeju, Korea,
Nov 1-3 2023, pp.369-371. https://ipnt.or.kr/2023proc/150

Kim, Y.-G., Rim, H.-J., & Park, K.-D. 2025b, Development of POD
and Prediction Software for Ultra-Rapid Orbit Products of
GPS Satellite, 2025 IPNT Conference, Jeju, Korea, Nov 4-8
2025, pp.389-392. https://ipnt.or.kr/2025proc/104

Nischan, T. 2016, GFZRNX—RINEX GNSS data conversion
and manipulation toolbox (Version 1.05), GFZ Data
Services. https://doi.org/10.5880/GFZ.1.1.2016.002

Vaclavovic, P. & Dousa, J. 2016, G-Nut/Anubis: open-source
tool for multi-GNSS data monitoring with a multipath
detection for new signals, frequencies and constellations,
International Association of Geodesy Symposia, 143,
775-782. https://doi.org/10.1007/1345_2015_97

Zhao, Q., Sun, B., Dai, Z., Hu, Z., Shi, C., et al. 2015, Real-time
detection and repair of cycle slips in triple-frequency
GNSS measurements, GPS Solutions, 19, 381-391.
https://doi.org/10.1007/s10291-014-0396-2



Hyunho Kim is a Ph.D. candidate in the
Department of Geoinformatic Engineering
at Inha University, and he is currently
working at National Geographic Information
Institute. His research interests include
GNSS pre-processing algorithm develop-
ment and smart spatial information.

Jihyun Ha received her Ph.D. degree from the
Department of Geoinformatic Engineering at
Inha University, and she is currently at Inha
University as a principal researcher. Her
research interests include KPOP algorithm
development and GNSS geodesy.

Nam-Woo Noh is M.S student at Department
of Electrical and Computer Engineering at
Inha University. He received B.S. degree in
Smart Mobility Engineering from the same
university. His research interests include
High-Precision Navigation for Vehicles and
GNSS geodesy.

Kwan-Dong Park received his Ph.D. degree
from the Department of Aerospace Engin-
eering and Engineering Mechanics at the
University of Texas at Austin, and he is
currently at Inha University as a professor. His
research interests include PPP-RTK algorithm
development and GNSS geodesy.

Hyunho Kim et al. Development of GPS Data Pre-processing Algorithm 127

http://www.ipnt.or.kr






