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Abstract: Objectives: The deformation of the river estuary sluice gate may be slightly affected by the tidal fluctuations,
and studying the sluice gate's response to tidal deformation is of great significance for the safety and maintenance of
the sluice gate. GNSS is a significant tool for deformation monitoring, commonly used for high-precision deformation
monitoring of dams or extraction of vibrational characteristics of bridges. However, existing GNSS monitoring mode
is inadequate for identifying the characteristics of tidal response signals. Methods: In this study, the Cao'e River Sluice
was selected as the research subject. GNSS base and monitoring stations were set up to observe the sluice's deformation.
And a method utilizing GNSS-based monitoring techniques was proposed to extract sub-millimeter-level deformation
signals with a period of several hours, aimed at identifying the tidal response of the river estuary sluice gate. Results:
The results show that due to tidal fluctuations, the Cao’e River Sluice has the greatest response to the larger M2 and
S2 partial tides, but the response signal is weak, with the same frequency amplitude not exceeding 1.5 mm in the U
direction, and not exceeding 1 mm in the X and Y directions. Overall, the sluice's response to each partial tide is
linearly positively correlated in terms of amplitude size, but an excessive response to individual partial tides (such as
S4, K1) has occurred, which may be caused by other signals of the same frequency. Conclusions: Using a 5-minute
sliding step and a 2-hour solution window can effectively retain the characteristics of the tidal response. This method
facilitates the accurate monitoring and assessment of the sluice gate's response to tidal influences, thereby enhancing
the safety and maintenance strategies for estuarine sluice structures.
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GNSS (Global Navigation Satellite System) & —FEHZ &k EM A, O i, HE. K
Bl B A AR AR BT 75 GNSS JRAR Il e, 32 2R R AR A5 A SR e BB 25 S
P 2o ARSI SR A 38 & ] DU BRI AR AL . AEHBARLIN A6 AF N, @I R (4 24 1o
IFAS AR, GNSS JEAR Ma RS B2 A /K SF 1-2 mm, FEEL 2-3 mm [RGB, IR AR s 3 & R
XA, AR K AL T AR R TRERCE K BRI I o, SR AR SE I T 7KF | mm, B E 2
mm  (REIRS L, I T IR R ANIE ST RO R R R T 8 (R R 1 S KRR AT s )
i, SR E AR AR A SRS P T DA IR B ok g MY R K B BRI VA T mE S, SR
3 H AL A AR AT i AR i DR 2R (R R S e A SR SRS PR B T s S, AT e A I
PREC) AR ACRFAEN Yo 4 A I 00 R P A UL, A T MBS R BEAT MU e o, SR
20Hz FARENAS MR LS R, W MR R SR AHER. mish S M SRR T miE S, Hbr TH
RSRS N Be R B EOR S, W REFRBUECR AR5 5 WIRRIRARSEISIRA 10Hz @4 GNSS $idfE
X SR T AT B R B AT WS 7T, SR T KWIMFR A 9.3 mm HU4FEPr A HIfE 5

PAIE, GNSS 72 W M7 A MUK B EAFAET JE . B GNSS M7 (ol RARAF: A il
SRR RN A AR S LA AL TR 0K o S 00 25K o T 0 K o 2 2 e sl R 3R W9 Bk 1O, i
W2 H R SR e 2 R A BN 22RO T, s Al AR X0 vl 2 i
P55 R, I, W9 % 0 MR I 22 S, i S2 0 K 3 AUAE 22 0.08 h 1181, LR HUAIR
RIS RFEIARSE W T ER . ghAh, W K 2 sl R AR R 1 mm FEETD, mis)
SRER R EOR, WSS RS SRR B .

BRI T R = Kol < — o BRI ] A A ERIE VL R i i 1, 2 2
IR IR o TR 1) i B P4 2-3 m, ) I 74 70 - 90 kPal'™), e 4k 3 51 AR b oy K1)
FREAETEAR . RENAEILR, RO K 2 4. XK IR EBEAT R B AR I B A B

AN R R I W Fext e, kT GNSS X REATIEAR MM, $2 13T GNSS HI/INRF i 331 22



KPIEAAZZHEH v, VR ATAT K 0 i 47 Wi AR AAE
1 BESHE

1.1 GNSS #iE

WIE 1 AR, B RV K FT e B S GNSS Wil s i B s B 8 7 5 B Ry oK i kAT AR B
FEMEVE TR b 222 GNSS WL —28,  [FIIAE /e R A v sl o v sl R M 003ty 1) SR 5 A REOH: MIS20
AR Al R W S UE R PR S 20 315 m. TR R EIE N 2023 45 1 29 HE3 H 19
H3t 50 Ko AT 00T, KR a5 G403 1) [m] AR5 2R o AAR 28 1R 5L A5 180 T A O i) i B 30 ) 25— ]
SEALR, H X BEKIEIR R AR 7, BRI Y Hh2E BT KRR AR 7w, BRI Z
IR E T A MMERTD, BRI X Y. Z =EAMAREIE AL FAR PR R

1 BRI ] 5 M 0 s
Fig. 1 Location of Cao’e River Sluice and Monitoring Sites
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Fig. 2 Tidal level time series diagram
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Tab. 2 Frequencies and periods of different partial tides
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Fig. 3 Time series of displacement changes in deformation monitoring
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Fig. 4 Spectrum analysis of different displacement components and water levels (vertical lines correspond to partial tide frequencies)
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Fig. 5 Response of displacement components to partial tide cycle signals
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Fig. 6 Quantitative response of displacement components to each frequency partial tide
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