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ABSTRACT

The GNSS coordinate time series is used as important data for geophysical analysis such as terrestrial reference frame
establishment, crustal deformation, Earth orientation parameter estimation, etc. However, various factors may cause
discontinuity in the coordinate time series, which may lead to errors in the interpretation. In this paper, we describe the
discontinuity in the coordinate time series due to the equipment replacement for domestic GNSS stations and discuss the
change in movement magnitude and velocity vector difference in each direction before and after discontinuity correction. To
do this, we used three years (2017-2019) of data from 40 GNSS stations. The average magnitude of the velocity vector in the
north-south, east-west, and vertical directions before correction is -12.9+1.5, 28.0+1.9, and 4.2+7.6 mm/yr, respectively. After
correction, the average moving speed in each direction was -13.0+1.0, 28.2+0.8, and 0.7+2.1 mm/yr, respectively. The average
magnitudes of the horizontal GNSS velocity vectors before and after discontinuous correction was similar, but the deviation
in movement size of stations decreased after correction. After equipment replacement, the change in the vertical movement
occurred more than the horizontal movement variation. Moreover, the change in the magnitude of movement in each
direction may also cause a change in the velocity vector, which may lead to errors in geophysical analysis.
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Fig. 1. The geographic location of 40 GNSS stations operated by the

National Geographic Information Institute of Korea (NGII) and Korea
Astronomy and Space Science Institute (KASI).
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Table 1. Information on 40 stations equipment replacement (R: Receiver, A: Antenna, D: Radome).

Station Date Equipment replacement Station Date Equipment replacement
(R)Trimble NetR5->NetR9
CHJU 18.08.22 (D)DOME-SCIS CHLW 18.01.15 (A)TRM55971->TRM59800
(D)DOME-SCIS
(R)Trimble NetR8->Leica GR50 (R)Trimble NetR5->NetR9
CHNG 19.10.23 (A)TRM55971->LEIAR25.R4 CHYG 18.07.13 (A)TRM55971->TRM59800
(D)DOME-SLEIT (D)DOME-SCIS
(R)Trimble NetR5->NetR9
CNJU 18.01.23  (D)DOME-SCIS DOND 180129  (A)TRM55971>TRM59800
(D)DOME-SCIS
(R)Trimble NetR5->NetR9 (R)Trimble NetR5->NetR9
GOCH 18.07.20 (A)TRM55971->TRM59800 GSAN 18.07.17 (A)TRM55971->TRM59800
(D)DOME-SCIS (D)DOME-SCIS
(R)Trimble NetR8->ALLOY (R)Trimble NetR5->NetR9
HADG 19.10.22 (A)TRM55971->TRM59800 INCH 17.12.28 (A)TRM55971->TRM59800
(D)DOME-SCIS (D)DOME-SCIS
(R)Trimble NetR5->NetR9 (R)Trimble NetR5->NetR9
INJE 18.01.16 (A)TRM55971->TRM59800 JAHG 18.08.20 (A)TRM55971->TRM59800
(D)DOME-SCIS (D)DOME-SCIS
(R)Trimble NetR8->Leica GR50
JINJ 18.01.25 (D)DOME-SCIS JUNG 19.10.22 (A)TRM55971->LEIAR25.R4
(D)DOME-LEIT
JUNJ 18.01.25 (D)DOME-SCIS KANR 18.01.18 (D)DOME-SCIS
(R)Trimble NetR5>NetR9
KUNW  18.07.18  (A)TRM55971>TRM59800 KWN]  18.01.26 (D)DOME-SCIS
(D)DOME-SCIS
(R)Trimble NetR8->Leica GR50 (R)Trimble NetR8->Leica GR50
MUJU 19.10.21 (A)TRM55971->LEIAR25.R4 NAMW 19.10.21 (A)TRM55971->LEIAR25.R4
(D)DOME-LEIT (D)DOME-LEIT
(R)Trimble NetR5->NetR9 (R)Trimble NetR5->NetR9
NONS 18.07.12 (A)TRM55971->TRM59800 PAJU 18.01.10 (A)TRM55971->TRM59800
(D)DOME-SCIS (D)DOME-SCIS
(R)Trimble NetR5->NetR9
PUSN 18.07.26 (A)TRM55971->TRM59800 SEOS 18.01.24 (D)DOME-SCIS
(D)DOME-SCIS
(R)Trimble NetR5->Leica GR50
SNJU 18.01.20 (D)DOME-SCIS SONC 19.10.22 (A)TRM55971->LEIAR25.R4
(D)DOME-LEIT
SUWN 18.02.05 (D)DOME-SCIS TEGN 18.01.20 (D)DOME-SCIS
WNJU 18.01.18 (D)DOME-SCIS WULJ 18.01.22 (D)DOME-SCIS
(R)Trimble NetR5->Leica GR50 (R)Trimble NetR5->NetR9
YECH 19.10.23 (A)TRM55971->LEIAR25.R4 YOWL 18.01.17 (A)TRM55971->TRM59800
(D)DOME-LEIT (D)DOME-SCIS
BHAO 17.04.28 (D)NONE->SCIS DAE] - -
JEJU 17.05.19 (D)NONE->SCIS MKPO 17.04.20 (D)NONE->SCIS
MLYN  17.06.10 (D)NONE-SCIS SBAO  17.06.10 (D)NONE-SCIS
(A)TRM29659->TRM59800
SKCH 17.04.11 (D)NONE-SCIS SKMA 17.05.18 (D)NONE-SCIS

2.3 Equipment Replacement
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3. DISCONTINUITY IN TIME SERIES

3.1 GNSS Coordinate Time Series
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Fig. 2. GNSS coordinate time series of the north, east and up direction for (a) BHAO, (b) CNJU, (c) HADG, (d) SONC. The vertical red line indicates the time of
equipment replacement. The solid black lines (slope) are the best linear fits to the data.
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Fig. 4. Corrected coordinate time series of the north, east and up direction for (a) BHAO, (b) CNJU, (c) HADG, (d) SONC. The vertical red line indicates the time
of equipment replacement.

]

| AR o 2 34 LFERgTh Kim et al. (2015)%= GIPSY-OASIS AFasic)

[}
& o] gsto] 4SS A A G R0l A QHEILE AR Q5] 29k AP AHe R 43 HH V&2 o5& EE W
ko 2 30-50 mm o] o] WAystcta 7]&sk3iTt. gko 2 -13.0 mm/yro|i, 4] vFsko 2 281 mm/yro|t} (Fig.
22). FF, 5hs, o 718 GE W olgEEs 74 113,
3.2 GNSS Velocity Vector -12.3, -12.0 mm/yro| i, TA] H}5F o] 5451280, 28.8, 29.1
mm/yro|t} (Fig. 2b-d). 12|31 2] {3k9] o] 5&H 5= 0-4 mm/
Fig. 20]A] 7324 A2 ZF 9iehd d|ojeje] tigh A3 yr2 YEepgth

Aolct. Aol thgt 7]-&7] 3 WP ol FHEE YERdTH Fig. 32 T 71&= Ao WPl o]e&E F7]E Hole
A3 AE Fol7l =1 M4 X (AZhel thall $4 4 Y (33 ok G5 2 A WERe Pt ol s &5 ZH) -12.9, 28.0 mm/yr
H 2tg)eke] A °3J4'7:ﬂ% At S|AEA 7o, A ) & ol I EANE ZH2E 15, 1.9 mm/yr 2 YERGT G ekt 5
o] &A=t} (Draper & Smith 1998). A HFeEe] Yot £ 5 WESHS AAREH 327]71 30.8 mm/yro] 1L
213k 1482 8 Vel AP 02 Gy WO R o]F3d)
Y=B+BX+e (1) IS & 4 Aok AR W 42 mm/yrE YERY A
2 0 B Abgohes 7S BolAvh TEHAP} 7.6 mm/yrE UE}

714, Byt Brie 1 W AlFol L, e 2ot} ojuf ®F U dR 7)Ea52 sk FA1E Bol7| & gt

W A ARSI 477 20 954%) olfe] AR

http://www.ipnt.or.kr



292  JPNT 11(4), 287-295 (2022)

4. CORRECTION OF THE DISCONTINUITIES

4.1 Correction of GNSS Coordinate Discontinuities
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4.2 Velocities of the Corrected Time Series
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Table 2. GNSS velocity vector before and after removing the identified
jumps.

Trend N E U
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CNJU -113+0.1 28.0+02 3.8%0.4
i velod
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Fig. 5. The magnitude of the GNSS velocity vector by the north, east, and
up directions after correction for all stations. The gray markers are the
magnitude of each direction before correction shown in Fig. 3.
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