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ABSTRACT

The Korea Augmentation Satellite System (KASS) system is a Satellite Based Augmentation System (SBAS) under development
to provide APV-I SBAS service in the Republic of Korea. The KASS ground segment generates correction and integrity
information for GPS measurements of KASS users using the accurate positions of KASS Reference Station (KRS) antenna
phase centers. For this reason, the accuracy of KRS reference points through geodetic survey campaigns is one of the
important factors for providing the KASS service in compliance with the required navigation performance. In order to obtain
accurate positions, two geodetic survey campaigns were performed at several reference points, such as Mark, Center of Mast
at Ground Level (CMGL), and Center of Hole in Top Plate (CHTP), of each KRS site using three different survey methods, the
Virtual Reference Station (VRS), Flachen Korrektur Parameter (FKP), and raw data post-processing methods. By comparing
and analyzing the results, the computed coordinates of the reference points were verified and Antenna Phase Center (APC)
positions were calculated using KRS Antenna Reference Point (ARP) data, and the first KASS Site Acceptance Test (SAT#1)
was performed successfully using the verified APC coordinates. After the first site survey activities, the KASS operators should
maintain the coordinates with the required performance such that the overall KASS navigation performance commitment
is guaranteed during the lifetime of 15 years. Therefore, the maintenance plan for the KRS antenna coordinates should be
developed before the commissioning of KASS operation planned after 2023. Therefore, this paper presents a geodetic survey
method selected for the maintenance activities and provides the rationale for using this method.

Keywords: KASS, SBAS, reference station antenna, geodetic survey, maintenance

Information Region)o]] A|&s}7] ¢ste] 7it= 12 ¢t} KASS
= 7719] 71&=+ (KRS, KASS Reference Station), 27]2] 59

A 7 o|et SBAS AMHIAS U] Q13 BIRP HF (FIR, Flight

Received Nov 07, 2022 Revised Dec 09, 2022 Accepted Dec 13, 2022
fCorresponding Author

E-mail: hjjang@kari.re.kr

Tel: +82-42-870-3524 Fax: +82-42-860-2789

Hwanho Jeong https://orcid.org/0000-0001-8891-893X
Hyunjin Jang https://orcid.org/0000-0002-5740-3658
Youngsun Yun http://orcid.org/0000-0001-8710-1143
ByungSeok Lee https://orcid.org/0000-0003-3964-0139

Copyright © The Institute of Positioning, Navigation, and Timing

z]2]= (KASS Processing Station), 27]2] £3+2-%3 = (KASS
Control Station), 37]2] ]4d &A1=+ (KASS Uplink Station) 2 z+
SHSIAIAR] Zhe] B41S $i5k BAE) 30} 27]0] FAALY
A (GEO, Geostationary Earth Orbit) 2.2 A=} 20224 10
2 WA RE Sh9IN AR o] Aol hRE o] ] 7} Aol Eo]
AX =R on, A A KASS FA7F AXE AAAEHEA
MEASAT-3D 9}4do] 2022\ 6ol WAL= 1L FH=of Qhalslod
T4 E Gl YAXITE 1 EAl=T AF AHE o Folth
20224 2YREE RE SHSIART AAAZIA 17]9] A
o] ¥EE o], KASS A 413.9] Hho] 7|AIE ofF o™ 20239
o 2o AA AL B AF AW L ASHYEE 952
&350 20239 I o] Fofl= HA] FE§ A&7 AlEE a0l

http://www.ipnt.orkr Print ISSN:2288-8187 Online ISSN: 2289-0866



84 JPNT 12(1), 83-89 (2023)

CHTP | ARP
——

A CMGL

foundation

\' (ground level)
|
1
|

(a)

(b)

Fig. 1. (a) Schematic location of the reference points, (b) Determination of CMGL based on its surrounding screw holes.
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Fig. 2. (a) Picture of CMGL, (b), Mark, (c) Antenna adapter.
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Table 1. Geodetic survey equipment.

Survey method Antenna Receiver
PPP GrAnt-G5T PwrPak7
VRS GrAnt-G5T, GrAnt-G3T DURO, PolaRx3e
FKP GrAnt-G5T, GrAnt-G3T DURO, PolaRx3e

RAW (Mark, CMGL) GrAnt-G5T, GrAnt-G3T DURO, PolaRx3e
RAW (CHTP) GNSS-850 ProPaké
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Fig. 3. First geodetic survey result.

Table 2. First geodetic survey plan and method.

Site name I"survey

Date Point Method
Yangju 2020.03.30 VRS, FKP, PPP, RAW
Gwangju 2020.02.24 VRS, PPP, RAW
Jeju 2020.03.16 VRS, FKP, PPP, RAW
Seogwipo 2020.03.15 Mark, CMGL VRS, FKP, PPP, RAW
Yeongdo 2020.02.23 VRS, PPP, RAW
Ulleung - -
Yangyang 2020.03.20 VRS, FKP, PPP, RAW
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Table 3. First geodetic survey data set.

Sitename  Data set no. Detailed data set order

Yangju 1~20

%fng]u i} : gg 1st to 5th data: Mark of Ant. P

Seogwipo 61 ~ 80 6th to 10th data: CMGL of Ant. P

Yeongdo 81 ~ 100 11th to 15th data: Mark of Ant. I
16th to 20th data: CMGL of Ant.

Ulleung -

Yangyang 101 ~ 120

Table4. Second geodetic survey plan and method.

. 2" survey
Site name -
Date Point Method

Yangju 2020.05.05 CHTP VRS, FKP, RAW

Gwangju 2020.05.08 Mark, CHTP VRS, FKP, RAW

Jeju 2020.05.12 CHTP VRS, FKP, RAW

Seogwipo 2020.05.13 CHTP VRS, FKP, RAW

Yeongdo 2020.05.10 Mark, CHTP VRS, FKP, RAW

Ulleung 2020.05.18~19  Mark, CHTP  Single-RTK, RAW

Yangyang  2020.05.23 CHTP VRS, FKP, RAW
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Table 5. Uncertainty values of geodetic survey method (WGS84 position, cm).
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St Locati RAW VRS FKP PPP Single-RTK
ite name ocation

X Y Z X Y Z X Y Z X Y Z X Y Z
Yangju Mark 10 09 35 14 23 19 23 32 26 07 14 11 - - -
Ant#1 CMGL 1.0 1.0 4.2 1.0 1.3 1.3 5.5 9.0 8.0 2.6 3.0 1.9 - - -
(P channel) CHTP 06 05 10 09 25 26 14 39 47 - - - - - -
Yangju Mark 14 10 32 09 14 10 45 24 40 13 21 1.6 - - -
Ant#2 CMGL 1.8 1.0 3.3 0.7 1.2 1.0 1.5 1.5 1.3 1.5 1.2 1.0 - - -
(I channel) CHTP 06 04 10 24 39 34 44 22 41 - - - - - -
Gwangju Mark 12 09 30 09 17 14 57 50 28 20 19 25 - - -
Ant#1 CMGL 1.2 0.9 3.8 1.6 1.4 1.3 - - - 1.2 2.3 1.6 - - -
(P channel) CHTP 06 04 10 16 21 15 26 34 29 20 19 25 - - -
Gwangju Mark 12 09 38 16 23 21 30 22 22 22 28 17 - - -
Ant#2 CMGL 1.2 0.9 3.8 1.6 3.4 1.8 - - - 5.6 4.2 1.7 - - -

(I channel) CHTP 06 04 11 35 31 23 36 38 27 - - -

Jeju Mark 14 09 31 12 12 07 10 25 11 12 18 14 - - -
Ant#1 CMGL 1.5 1.0 3.5 0.7 2.1 0.6 1.3 1.5 1.2 1.7 2.6 1.9 - - -
(P channel) CHTP 0.6 0.4 1.0 0.7 2.0 1.3 1.4 2.3 1.3 - - - - - -
Jeju Mark 1.3 1.0 3.4 0.8 0.9 0.8 1.1 1.4 1.2 16.1 19.6 9.1 - - -
Ant#2 CMGL 13 09 33 09 11 10 12 11 06 12 10 09 - - -

(I channel) CHTP 0.6 0.4 1.0 2.7 6.1 8.4 1.8 4.2 2.1 - - - - - -

Seogwipo Mark 1.3 1.1 3.9 1.1 1.2 2.1 1.4 1.4 2.2 14 2.0 1.9 - N -
Ant#1 CMGL 1.3 1.1 4.0 1.6 2.4 1.1 4.8 3.1 6.8 2.7 2.9 3.2 - - -

(P channel) CHTP 07 05 12 12 11 08 09 10 08 - - - - - -

Seogwipo Mark 22 13 69 61 37 20 77 42 32 38 31 20 - - -
Ant#2 CMGL 1.6 0.9 3.3 1.6 2.0 1.2 0.8 1.5 1.2 3.2 3.4 2.4 - - -

(I channel) CHTP 06 05 12 11 07 07 18 17 11 - - -

Yeongdo Mark 1.6 1.0 4.4 1.3 2.4 0.6 2.9 2.6 2.9 4.1 7.0 3.0 - - -
Ant#1 CMGL 1.2 0.9 2.9 1.0 1.4 1.1 - - - 11.1 6.4 4.2 - - -
(P channel) CHTP 0.6 0.4 1.0 3.8 3.6 5.5 1.3 2.0 2.0 - - - - - -
Yeongdo Mark 1.4 1.7 6.7 4.0 6.3 1.7 2.2 2.6 4.4 8.1 15.2 5.7 - - -
Ant#2 CMGL 15 19 82 22 19 13 - - - 281 149 265 - - -

(I channel) CHTP 0.6 0.5 1.0 1.6 1.5 0.9 0.7 1.2 2.5 - - -
Ulleung Mark 3.8 2.6 9.4 - - - - - - - - - 2.0 1.8 2.5
Ant#1 CMGL - - - - - - - - - - - - - - -

(P channel) CHTP 0.7 0.5 1.2 - - - - - - - - - 2.4 1.4 1.9

Ulleung Ant#2 Mark - - - - - - - - - - - - 2.6 2.9 2.1

(I channel) CMGL ) ) ) ) ) ) ) ) ) ) ) ) ) ) )

CHTP 07 05 13 - - - - - - - - - 08 1.0 09

Yangyang Mark 14 10 39 13 14 13 07 11 10 13 16 17 - - -
Ant#1 CMGL 1.3 1.0 4.1 1.0 0.8 1.1 1.1 1.5 1.8 1.7 1.7 1.4 - - -

(P channel) CHTP 0.6 0.5 1.2 1.0 1.4 2.1 1.2 2.7 3.3 - - - - - -

Yangyang Mark 7.3 1.4 5.4 1.0 0.5 1.1 0.9 1.3 0.9 1.5 1.2 1.5 - - -
Ant#2 CMGL 7.3 1.4 5.3 1.2 1.2 1.4 1.6 1.4 2.2 1.0 1.4 1.7 - - -

(I channel) CHTP 0.7 0.5 1.2 1.6 1.6 1.2 1.2 1.2 3.4 - - - - - -
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