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e <Hlr-1:371= 0 Development History of Safety Monitoring

o KEAMZEWNARBENTMER, EEKFEANRES, &
A AVIEE RN G P S N E SRR PN IS5

Dam safety monitoring has gone through four stages, with management
levels continuously improving and dam failures significant reduction
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Manual
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How to comprehensively ensure dam safety with information technology in the future?




17k MDevelopment Trend

o (GopttmEul: ZEATZRS], BRANSITHIFRAR, NWREESR, FXtIemEELIRE

Ground monitoring: High construction and operation maintenance costs, limited number of measurement points,
and difficulty in meeting timeliness and comprehensiveness

o DEERmI: nFSEREEEM RENEE, BN IESEEMN, MMBEEIAE,
SCHKE I ETE (MEFFEKA TR, KEZEREN) NEERARSIEMRIE

Satellite remote sensing monitoring: sustainably obtain large-scale image monitoring data, comprehensively
perceive changes in engineering trends, can compensate for insufficient ground monitoring
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- MiGEBRZE (LTFiF. =6F)

Mastering all elements of risk (upstream
and downstream, left and right banks)

- ERRIEEE (IBEX. FX. THEUE)

All-weather dynamic control (hub area,
reservoir area, downstream river channel)



ael==itdnq Satellite Remote Sensing

o Ek: BEREERETEES WIRMERESRA, FIA
GRES (FCANREEEST) mUFAMRBMEER ERIIR, &
FEXIHEER. RS RRO G

Remote Sensing: sensor technology based on satellites or aircraft,

which uses transmitted signals (such as electromagnetic radiation)
to monitor and identify objects on Earth

o EDR (RIBMELR)

Remote Sensing Classification (based on wavelength)

> BJUEER: ke TIFRERIRTAI ot Z IRY
EREEA (0.38-0.7umzZja])
Visible Light Remote Sensing

> WRER: (SAR) : {ERkEE T{RRERBRTRIRIR
ESEECARNERAR (Tmm-1mZ[a], BB
EXREFEXIR. FEZWMAER. )
Microwave Remote Sensing (SAR) with the
characteristics of being all-weather
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a1 W7 944vl:: A Remote Sensing Monitoring Technology and Application

HEF 59 BPEYiR 5 SYFIEEEY Object Recognition and Feature Extraction Based on GF Satellites

> GFEZRTALIE (GF image preprocessing)
> HEWEEARSUES, JIIZaN
> IREBERERFIISEEASR, ETRRANRHTRERE, KBURBNRIEX (Features extracting)
> amndEl, Birtall (Sliding segmentation and object detection)
> GEAMRSHIRAMREE R, £REESTE (Convert coordinates to generate vector data)
® IKEER AR o EF ST R MU EFRE
reservoirs and dams |dent|f|cat|on Identification of Reservoir Area illegal target Based on

HENEEEEEEDEHANEN Classification and Change Monitoring
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Other objectives Suspected illegal target



a1 W7 944vl:: A Remote Sensing Monitoring Technology and Application

HIF SARPEREARZMNE surface Deformation Measurement Based on SAR Satellite

® InSAR (SHRFLEBXFITAE) e
> FAE— X I FIESA R’E%{% (BEERENE ~
BMAIAR) BUEHITIETAE, EPBAEEIRENT

I_JEE{I:IIu &ﬁjg _I;l_lu
Obtaining surface elevation and deformation

information through phase information of SAR

o EFBIRIPAZE LI
Monitoring of Landslide Deformation on Reservoir Bank
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Stability Monitoring of Landslides in the Three Gorges Reservoir Area
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EXHRKSEXINERBIERE
Landslide disaster in the Vajont dam Reservoir of Italy

> 1959FFRKIZ T, 1960.2E57K, 1963.10.97KEEESiE—iREgiL iR
I5005K, ZRPGIKEY2000:K, SFYEELI250KEKXLLAKE
WRE
On 1963.10.9, a massive landslide occurred on the southern slope
of the reservoir. The landslide covered an area exceeding 500 meters
in width from north to south, approximately 2,000 meters in length
from east to west, with an average thickness of about 250 meters.
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InSAREEEESIRRITREE?
Can InSAR monitoring provide an early warning?




iz Eib ¢ il Challenges in Application

B PEERMKANIEFEEGITNA, BEENED, HREARER
A, STREERENSIERVEIRES, BEMNIEEELIHE
TAESEIRAES
The accuracy and timeliness are still challenging to meet the practical needs

of the engineering

o JCFER: RRSFMAXEBEBR

Optical remote sensing: Susceptible to weather conditions and limited in

accuracy
® SAR&INSAR: A= S, SIRMAERE, HZlNEREEICH
IAemZfy, SCORp FAZHZRA. BfExR. KASSFEETRRERN,

ANEFSTE
SAR & InSAR: Practical application stability are affected by factors such

as terrain variations, vegetation cover, atmospheric conditions ORI e 6D

ZiRERAEMSHZME LT ERAGSIEBN=SHEMYIRAEEND, ASTANZPRECNE. TiEhE

SRR EnNE RS #iTHIERS Mutual verification and fusion of multi-source remote sensing data
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Precise Remote Sensing Monitoring of Large-Scale
Deformations in Engineering Areas



ﬁ":l*‘_bk,ﬁiﬁﬁ?ﬁiﬁ_ s ,':Efﬂ!l RS Monitoring of Surface Deformation in Hekou Reservoir
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Hekou Village Reservoir is located in Jiyuan City, Yellow )
River tributary, with a concrete face rockfill dam that
reaches a maximum height of 122.5 meters.

H5SHZE (Research Content)
& & EIRIFINSARTT AT A K EE AU
R TIE RS NISEIG DT

Experimental analysis of remote sensing

monitoring of dam deformation in Hekou Reservoir
using time-series INSAR method.




TEXKEEFEEREN LS Monitoring of Large-Scale Deformation in the Engineering Area
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Extensive  deformation monitoring in the

engineering area of Hekou Reservoir was

conducted, using the PS/SBAS-InSAR method with 2021/08 -
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j(iﬂ%ﬁﬁﬁ?@@*ﬁ;ﬁ%ﬂu Precise Remote Sensing Monitoring of Dam Surface Deformation

XJECAT ORI RIN2017.10-2022.1 255z, SBAS. PSETAZZZELR, SBAS-INSAREIESKEARINA
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SBAS-InSAR provides higher accuracy, with a maximum error of within 6 mm compared to the ground truth measurements
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jdﬂ%ﬁ"ﬁﬁ?@@*ﬁ;ﬁ%ﬂu Precise Remote Sensing Monitoring of Dam Surface Deformation

AIMSBAS-InSARG M RIVFI BT AERS TIESER

Analysis of profile patterns in the dam's SBAS-InSAR monitoring results

B AR T 47 AR ERIUTIERE S, REANREERTHURERR

Horizontal and Vertical Cross- s ¥ \ ; =]

o gertical 0% K, HME IS HAM AR ERATHMNE, A
e EREI AT AREBECFINBEAZ KR INTRECINS 22 KHI4T
TR F, RAEIE TS

The dam exhibits an overall subsidence trend, with the
. central longitudinal section experiencing greater
R — subsidence compared to the two lateral sections. This is
also evident from the cross-sections, where the
cumulative deformation in the middle of the dam is
" we" " greater than at the dam shoulders, which show relatively
stable behavior. The dam as a whole exhibits a pattern of
greater deformation in the center than at the shoulders
T " and greater deformation at the top than at the waist,
consistent  with  the  subsidence  deformation
characteristics typical of rock-filled dams.




AR ZANE R

PRI EMX A E
Joi&, HISE T RSEERF

= JF% run
St RIS

EREMRE

SEBEAYRN, mlliRER

=¥ : 3%l Precise Remote Sensing Monitoring of Dam Surface Deformation
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Secondary Atmospheric Correction for Time-Series INSAR further reduces the monitoring error to within 5 mm
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Correction in Time-Series INSAR
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{ This method is suitable for regions with
i certain terrain variations, and can be
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Remote Sensing Identification of Reservoir
Dams Operation Risks



ot ad a4t R4 1A B Remote Sensing Identification of Potential Landslide Risk Areas

ZiRPEERGHMS PITHEFBIRISREGZE: ETSIMEEE G5 IR ETX,
RS IR M SR EEEBIRNEX ;  I3ATREInSARF. AR R lallE R T B DA ISR E S
tr, FBERBEEERXEEE

|dentification of potential landslide risk areas based on multi-temporal optical images for the recognition of significant

land-cover changes, and combining local hotspot analysis and kernel density analysis of time-series INSAR deformation
results to accurately delineate potential landslide risk zones.
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The Technical Roadmap for Precise Landslide Identification by Integrating Optical
Remote Sensing and InNSAR Monitoring
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Remote Sensing Identification of Potential Landslide Risk Areas

ﬂ%&ﬂﬁ%ﬁ%ﬁ%‘mme@Lﬁﬁ%ﬁﬁ,*%ﬁwh@w@ PRIFHEMER, R
BB RFETWRXE, FESDSMMIKE. KSR, YIERIEEEERiRXE X

Utlllzmg the RF method for land-cover classification to extract change results and identify areas with changes.
Combining DSM data with slope and aspect information to preliminarily delineate potential landslide risk zones
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ot ad a4t R4 1A B Remote Sensing Identification of Potential Landslide Risk Areas

T RSB E B IRIANX PG X 57K BN X e NS S B B = A & 0 10 S A —ET

The identified potential landslide risk zones align overall with the distribution of major fault zones indicated
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ot ad a4t R4 1A B Remote Sensing Identification of Potential Landslide Risk Areas

2T SBAS-INSAREZZ WA E Y EX B EBREZIRBIF DM, 152020-2022 FF3FEEKR KT
S5mm/yearfKIAMABHRIFXIEX, WHAMSRERZGIAEHINEXEES—EEEE

L e v CUR K B T ——
Based on SBAS-INSAR monitoring, identification | A 18 1 U [ AJD*VJ%Z’?';E%\%;%\R%H:T

and analysis of potential landslide hazards were

conducted in the reservoir area (Sentinel-1A .
PALSAR HH). Regions with deformation rates
exceeding 5 mm/year between 2020 and 2022 were
considered landslide risk zones. A comparative

analysis revealed a certain degree of overlap

between the risk zones obtained from multiple

remote sensing images. o i e =
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ot ad a4t R4 1A B Remote Sensing Identification of Potential Landslide Risk Areas
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assess the stability of surface
deformation points, areas with

Changes in Precipitation in Jiyuan City
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dam and the left bank of the Temporal Surface Deformation in Potential Landslide Areas

downstream riverbed.



A?Sfﬁﬁ]'—37 Eﬁmmiﬂﬁu Identification of Human Activities and Water-Related Disaster Risks

ZRENFERFFS TR LRFBNSKENIEEERR: =T SegFormerfITHXIIE XIig

WEESEIRASFRIEERE, REUTHNEX I om, RSB MIFERTHEER
HSKERIERRE, A THKR B EC DT

Utilizing SegFormer for Intelligent Interpretation to Obtain Land Cover Distribution in Flood Risk Areas. Conducting

|dentification of Encroachments on Flood Channels and Water Damage to Analyze Flood Channel Risk Evolution

NP 127, o= =i
N2 g -lr ~F .I-.E ~ —_
ssezee | "“;'\iﬁ‘ | »| SegformerfSaEiRE |  (THERGKIESTE

i}

MR
N2 g 1 ‘__r IE N N AW N
psesmye | ) ’lﬁgﬁ‘ | memensE s st

]

THBEXEECST e/ ANESTIHER ¢ SanthAREDRE

BARZE
Technology Roadmap
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nc3:i-an (M Work in Progress

X /KEXRIMIAMEXEG, TIEXSFIA S ERIX G ERZ DRI TR, BT ERIEEERHEE
TEXPEEE, SEMXBGIRRERR ST

Identifying based on remote sensing change characteristics of different risks, deducing the engineering risk
situation, and achieving rapid identification and early warning

ABIXBESBY Risk Classification
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nxcssi- MM Work in Progress

BT 7KEAIG RS TR

SERUSUBFHUSUNARA, SEDRERRANREES, S’

ERENER. WHmNEIERINE, FRKERINE T X ZER NS AT AR R R Z IR

o & N R

Based on the classification of reservoir dam characteristics, research on engineering remote sensing monitoring
elements and monitoring application technologies, and form a method system for remote sensing monitoring of

reservoir dam operation risks

BEEMM TR BRI
01 Satellite networking and

optimized configuration mode

EFRVSHERRERRS
02 Satellite source business

integration and
information fusion

TIEMARARE
Engineering Application
Technology Plan

'

i s A B IEASE
Ground monitoring mutual
certification mode

IKERHGE RS NFRERR AT AP R

Remote Sensing Monitoring and Early Warning Technology Methodology for Reservoir Dams
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I\V=3=1712:0 Summary and Outlook

o ERWNXGRAMKEAIHENARE, TEITiEXEmEAEGEERNX
Remote sensing monitoring can compensates for the lack of dam ground monitoring and transforms the
engineering safety monitoring mode

o EKERMZEEEPRISHUNAERERN, FEERENEEITE AR
The business application in the dam safety management is not deep enough, and there are problems with
the accuracy and timeliness of remote sensing monitoring

o REMFKF LIEERENMERA, RBERSNITENARED, RFMEBKISRELR
BERHFZEEKFTIRE. WCHKESERFIZOSIERAN, FTXRMEIR 13
Exploring remote sensing monitoring and early warning application technology is the core support for

high-quality development and construction of modern reservoir operation management matrix in the new
stage, with broad demand and prospects
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Monitoring Interpretatinw -

Application
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Thank you for your attention!
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