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A study on the impact of e-GNSS system in Taiwan

and its operation due to severe earthquakes

He-Chin Chen'*, Shin-Min Hsiao®, Yuen-Lung Jung’, Feng-Fu Juang*

ABSTRACT

The e-GNSS real-time kinematic positioning system (e-GNSS for short) provides
the real-time RTK service with 2 cm precision and has been used for geospatial data
collection. The e-GNSS updates the CORS coordinates regularly to keep the
interrelationship because of the surface displacement in Taiwan.

The 6.2 magnitude earthquake made several residential buildings either collapsed
or tilted on 6 Feb, 2018 at 11:50 PM, and the biggest displacement is about 45 cm
(HUAL). National Land Surveying and Mapping Center (NLSC) updated 11 CORS’
coordinates, 53 basic control points and the transformation model after detecting and
recalculating the displacement. The results show the horizontal precision is less than 5
cm, and the vertical precision is less than 10 cm.

By this experience, after a severe earthquake, it is necessary that NLSC
recalculate the system coordinates and the transformation model to keep the service in
accurate precision. Meanwhile, NLSC also should examine the precision of basic
control points in the region to ensure the precision fits surveying work.
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Assessing Tropospheric Effects on Retrieving Sea

Surface Heights from GNSS-R Data

Shao-Lun Hung', Chi-Ming Lee?, Chung-Yen Kuo**, Wen-Hau Lan*,
Tzu-Pang Tseng’, Kwo-Hwa Chen®

Abstract

Due to global warming, global mean sea level has risen rapidly in recent years,
causing many serious impacts, especially in the coastal low-lying areas. Thus, effective
and continuous monitoring coastal sea level changes is an important research topic. In
general, the conventional methods to measure sea level variations are to use satellite
altimetry and tide gauges. However, altimetry observations in the coastal regions are
inaccurate resulting from complex waveforms caused by land contaminations; tide gauge
measurements are affected by vertical land motions and cannot provide geocentric
(absolute) sea level changes directly. Recently, signal-to-noise ratio (SNR) data from
Global Navigation Satellite System Reflectometry (GNSS-R) have been demonstrated
for measuring sea surface heights. This study use SNR data from GNSS stations at
Chittagong site in Bangladesh and Heping site in Taiwan to retrieve sea surface heights
by Lomb Scargle Periodogram (LSP) aided with tidal harmonic analysis, and the results
are compared with the nearby or co-located traditional tide gauges. In addition, the
tropospheric effects would cause bias in sea surface heights from GNSS SNR data, so
two different tropospheric corrections are applied, including refraction correction and
tropospheric model correction. The result in Chittagong station shows the standard
deviation (STD) of differences is 30.4 cm, and the correlation coefficient is 0.97, while
the STD of differences is 12.8 cm, and the correlation coefficient is 0.96 in Heping
station. The obvious elevation-dependent errors observed in Chittagong station are
mainly from tropospheric effects. After applying the refraction correction and
tropospheric model correction, the STD in Chittagong station is reduced from 30.4 cm to
28.1 cm and 29.4 cm, respectively. However, the elevation-dependent errors in Heping
station is not significant. It may result from that the elevation angle of SNR data is higher
or the antenna height is lower, so the tropospheric correction is limited.

Keywords: GNSS-R, SNR, Tidal Harmonic Analysis, Tropospheric Corrections
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0) > HiBong-me = 5 ° % SNR SRR A EZENERRRSE - HRG L
BB TRIRO BRI A, » ik (R K IR SR » 2 R84 -

28



Haffe  FER - FES ~ BOUE ~ G5 - BREGEE © $UERIERT GNSS-R &ERHE R /KA

[SlEPs 7~

(=) SNR IR ]

T SR ERaR 2 B /K - M EHA Y IRRHI S - IRIEL e T i B AR Y T
AL AR ALIE] - AHFEH]F Google Earth B2 H vk FE B VRS - HErdr 2552
2R B R /KEAES T 7 A PR - i 2 A aYPRGIRIZE # 55— 22 #§ & (Hannah, 2001)
HKHIE - & 3 B AEFEEMNA N 2 F—EERERE - B R =AM
GAFEE > BRI POk (+) Rt 2 ANGIE 2 S5 18 S SR - Skl Ko sy o FH ST
REFLE 2 /KRB - PRI B o] e i 2 % 2 85 17 S B B R HL S S (B e R 5 4
ENERSZNETE

E S T T iiiiiiieeeeedeeeeiitoiiill |
8 0 4 ®: }:' ‘::: * - ll-.-".i—
c | T ieSEsssasssssssEsssssmssssssEsmmEEl ="
©
E _SA‘II-SC' 153--'30:'_50-" |
&) ' ' ' ' | ' I I I

0 10 20 30 40 50 60 70 80

Distance from the antenna (m)

B3 7 kfrk ird T2 5 - §/8F % o (Lofgren & Haas,2014)
(=) SR Lomb Scargle Periodogram ;7

1. Lomb Scargle Periodogram (LLSP)

AEFZEEE A Lomb Scargle Periodogram (LSP))AZRETHE. SNR &Y - AR -
Lomb(1976)$2 1 LSP 7% » FI M/ N " SSHzE A AR oo M Bat oo i Ed% » Scargle
(1982)#E—FF EE RN EE » 46 T HEIESE Al SRS EA R AR NI
agR [ (Power) » BI A G+ EFRRBIST 7 [EAVEIE - & 4 G SNR &4 LSP
EETEZ GG - B gl S E SRR T AVARRE TR -t AR 2 ST
S o B AEREE R A(E M) B SNR FHER » [ FHER ] AR S 5 E =
[ M EBKE S -

400

Spectral Power
ha W
= o
o o
-

-
(=)
(=]

i

0 — ‘::-—j V\-——-
0 5 10 15 20
Reflector height (m)

B4 SNR Tl LSP & 8 52 4735 &

2. WEAERRI T
A FERR AR SRR AT A = (8- [EHY H #Y(Lee et al., 2019) - ELfE:

29



Bl S TGN EYAN & ]

() FfruhE R TEEHE > PSRRI 2 -

(2) A RIS GNSS-R /K - M S 28K RAEEs
FoKES 2RI ME - DS Ak S AT R -

(3) AN RIS GNSS-R /KR - FAGET R A Q) Z R HE

PSR -
FEREIRFE S EE’J(l)ﬁB%ﬁéﬁH 37 {EE%ﬁBW%ﬁE > 1f HEY(2)FI(3) > AIlEE A
/EJYISFﬂI VA R TR S AUEERA 8 (73 > 73 Bl Ry HI(KL

* QDR HEIM2 ~ 82~ N2 » K2) L MATSPAREERA K1~ O1 ~ M2~ 82
igﬁiﬁﬂi&?ﬂﬁé\ °

() iR EMUE

AT 57 AR AT S O E KRR A RIEUE - P52 8t SNR &R
B ESRKRERASUESTH R aEE ¥R g U AE
GNSS-R 515E1& AT HIEE » KA L2 1 1l S 5 TH v B8 B2 AR TR
1F -

1. PraiiE

1o s R R g s S A R R I ER B A B AR 3 5 (SRR & 2 (0 A B
EIEAIAEANE - & EEERE > & E=E=E A (Anderson > 2000) °
B EHTE LR RORE IR A R - AWFZe R A A =40 T A r(Bennett > 1982) :
i e 3)
Hrfs Al %?ifé{ﬁﬂﬁ%%m%@ﬁﬂﬁﬁE@Eﬁzﬂa T EAIERCR(CC) P R KRB ] (hPa) -
RIIE » AWFZe e i E SNR Efl i AE S E 2~ #2000 - B LSP ARG S E
SN B R P E A 2 4 PR TR -

e =

2. HAUEHARIOE
AR ZE E T EIEIVEEREERE - AFU(D SNR ZAHI A ATRoR Ay

= )

= 2 TR - BATIERR « B S0BRRRSEN A TIEET
 EB AT T IIARRT -

H

P

=z
=]
(SN

i m
J \\

By = By + By = 20,F00E) (5)
H By B RS BRI » By bSO SO E 2 BT - BB
BEEY S » ARG TN - FTNERE= B+ By o [l B R 1

& SCEFTR

30



Haffe  FER - FES ~ BOUE ~ G5 - BREGEE © $UERIERT GNSS-R &ERHE R /KA

a7
Geometric Tropospheric
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