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ABSTRACT

Inha University and PP-Solution Inc. have been developing the Kinematic Position and Precision Orbit Provider (KPOP) as
domestic software for Precise Orbit Determination (POD) for the Global Navigation Satellite System (GNSS) since 2023. As
of May 2025, the development of the first version of KPOP is in the POD performance verification stage and this version is
equipped with GPS-only POD technology. In general, a GNSS data pre-processing technique is required to improve POD
performance. KPOP is applied with detection and repair technology for clock jump and cycle slip. In this paper, we introduce
the clock jump and cycle slip detection and repair techniques applied to KPOP and analyze the results of the developed pre-
processing algorithms. For the results analysis, GNSS data generated by Inha University and IGS permanent observatories
were used, and the results of quality checking programs developed by overseas organizations such as the G-Nut/Anubis and
the RINGO were compared. From the results, the detection and repair success ratio of clock jump and cycle slip was in a range
of 86-92%, and the data processing time was two seconds for 24-hour observations with a 30-second epoch. These results show
that the performance of the KPOP pre-processing algorithm is similar to that of RINGO and G-Nut/Anubis.
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Fig. 1. Diagram of GPS data pre-processing algorithm.
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GF = A(Ly = Lp) (6)
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Fig. 2. Inha University GNSS station's (left) antennas, (right) experimental
receivers, and equipment configuration diagram.

Fig. 3. IGS stations used in the analysis of the developed pre-processing
algorithm.

T2 ZlEB T dnEEe s AL Sl <

Tehshal 540k IGS GNSS Al TS 4olx] YA E BEAta
£ o]gslit) Fig. 2= ol5ltistne] W24 H&o|c) ol
StaE 2l WEAE o Folu, ZHzF A2 a3} AP e
©2 $ET ek £ A7) A BEARE LFE U
U} 441712 Fig 20 HA02 7b7 mAlaloiTE ARG ol

2
U}= Tallysman VC65100] 0, 22417]%= u-blox ZED-F9Po]c}, o
Aol AL olslteta Al g i}%d\_ |4 A E 20244 19 12
ARE 139] 52 742 (epoch) BEARE o] §51% 0.1, 2024
V190 290 4671 1GS APAI B3 20 ARE 202 9] B3t
28 olgslck. Fig 30l o] A7) AEH IGS BEAE Uet

c

G-Nut/Anubis2} RINGOO]]H AZE Alo]
oIt} Fig. 401 2024 19 13 Ql5to|ata TE40] XA AL
AtolE &1 HE AUE UERHRIH. Figs. 4a-c= VS BS5A,



Fig. 4. The results of the clock jump and cycle slip detection test at the
Inha University experimental station on January 13, 2024.
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Fig. 5. Phase observations and changes before and after clock jump
correction at the Inha University experimental station on January 13, 2024.

Fig. 6. Phase observations and changes before and after clock jump
correction of arbitrary PRN 6 satellite.
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Fig. 7. Cycle slip detection and calibration test results at Inha University
experimental station on January 13, 2024.

Fig. 8. Cycle slip detection and calibration test results of Inha University
experimental station on January 12, 2024.
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Table 1. Cycle slip detection results using KPOP preprocessing algorithm,
G-Nut/Anubis, and RINGO.

KPOP Pre-processing G-Nut/Anubis RINGO
20240112 67 67 73
20240113 75 72 74
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Table 2. Average processing time of KPOP preprocessing algorithm using various observation data.

Type Case 1 Case 2 Case 3 Case 4
Observations 24 hours 55 sec ~ 1600 sec 24 hours 930 sec ~ 1500 sec
5 sec epoch («1min~<30min) 30 sec epoch (15 min ~ 25 min)

Total of 17,280 epochs 5 sec epoch
Total of 11~320 epochs

Total of 2,880 epochs 30 sec epoch
Total of 31 ~ 50 epochs

Average processing time (sec) 17 <1 2 <1
At5-E 117] epochi-E] 3207 epoch7}tz] Yoje] 7ko 2 Rk ol A& 9 B4 5ol UERRTE o= sfielollA] Al HA
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