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Development of Multi-Sensor based River Monitoring
Technology for River Flood Risk surveillance

Bong-Joo JangT,

ABSTRACT

In Taek JungTT

This paper proposes a core technology for a micro river monitoring terminal device suitable for flood
monitoring in small rivers and valleys. Our proposed device is basically equipped with a 77GHz radar,
gyro and accelerometer sensors. To measure the flow velocity and water level, we proposed a signal
processing technique that extracts pure water energy components from the observed Doppler velocity
and reflection intensity from the radar. And to determine the stability of the river structure equipped

with our device, we constantly monitor the displacement of the measured values of the gyro and

accelerometer sensors. Experimental result verified that our method detects pure water energy in various

river environments and distinguishes between flow velocity and water level well. And we verified that
vibration and position change of structures can be determined through a gyro sensor. In future research,
we will work to build a secure digital twin river network by lowering the cost of supplying RE-WAV
devices. Also we expect our device to contribute to securing a preventive golden time in rivers.
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Fig. 1. Bridge loss site due to typhoon Maemi, Sep. 14,
2003,
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Fig. 2. River monitoring system operated by Han River
Flood Control Office.
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Table 1. Various types of water meters according to operation principle

Division Type Description
Direct reading Staff gauge Water level readings indicated a staff gauge
Float Float Water level read by the flute in line with buoyant
Reed switch Reed contacts used by the buzzer
Pressure Differential pressure Atmospheric pressure using differential pressure measurement
Air purge Pressure by using air pressure
. Electrostatic capacity Capacitance measurement by the dielectric constant of the liquid
Electronic above
Electrode Electrical conductivity measured by the electrodes
. Ultrasonic wave Ultrasonic transit time measurement
Ultrasonic — -
Sound wave Transmission time measurement of the sound wave
o Irradiation The use of radiation reflected wave
Radiation — — -
Transmission Radiation transmittance measurement
Microwave Transmission propagation time measurement of the microwave
Laser Transmission time difference measurement of the laser
Radar Echo time difference measurements of radar signals
o Wglsl A3 B BH) APH L AZe) H shde] T 84 wstol ngsin, shae w9 W
AY A F4E APl v FABLS} T Sk FUHOE He Al BE 23} F1s)
=G H2o) ATNAE £ 54 AHolA £9 & wao] ATk =, A& W) A3 &=l
B dZa7] gJal F el AR 24 AH £9E 2D ASFH A ae] dFoR o =
SHAAWE AET] AT A% RAS FEAE ol 0 B 4P G BS 23} A 24
A7t AYHATHIL o] AFE A5 AF e ¥ Syl gick
A8l 1FA T BEE HEEAAT, ZTEHoR F Atets 7led G 45, F4 EEd vls)
A 54719 sl gEAC] A, LT 22 BEoh AHAQ) #F UV EYIE 75517 A% A
AAZE RN ZE A2 AEAGL obF] HFHA Zlsolth At 7ed dUH R - Fo] F2
gokth ® o2 AFolAe st RYS o83t Aoy AlFoll A UZ7tAE E3et b 24
o B FFEAPEl] de ARAS AANTFeEN & I A, 2R T F4Eo] &H A AFREE A
FiF FRAAN AFPS 2EAFE FAHI, HRA qete 2dES EAHOE AASA s &5
H 2y & o] 83l F-FFLA FAE 4 3 3k A (KES pure water energy)9FS THEHIIEE
= WS AP0l o] WL g 578 AA AAEN o, A o] w7t 5l Al hdd =
o] A= Al S o) &3t MAS 7E Fe = Toll AAste F4do A7 glo] s 92
Eoapgolth o) WM A4 FA4, AR B9 5 gm= AA=,
osl WAHE BRFel AOR U3l
o R 3. Hlokst

GdE o] &3 FAYFR/EA(SIV, surface im-

age velocimeter)¥] 7, o532 3}zl 2HA| 7}l 2k

iy | e F=EE

ARt FHAYAE &8 G FollA 4 gt

ol £5E FAHslY EUAES AL L ARA
3]

= = - X
ATHLLL old @ GFREA A 2%, 394 5



oI s 2 2ANE RISt USHM J18t 61 2= Jl= g 1375

ZI2A o2 ’AEY. Jang S(12]2 24F U &
WHl = FMCW (frequency modulated continuous
wave) #o|HE o] &3t A& #Z3t AA

S8 F45E ATE QYT B ok B A7 A

River Observation

Dlrect\on’}h\ 'M I':‘ = [12]01]/\1 }\]__g_g 7—];,]- 71_0 A]_(ﬁ_g_ i’-]]OIEﬂQI- X}‘O]
' 2 2 A4S Al f49 $98 SUse B
Aol B Fl&E AMgke] WYE SAFORA 3

AFzE A S RYEH E&E}. Fig. 4= A¢
3l RFE-WAVE @2 7|9 B5 tolo 23S 1
ERdl Aol

Fig. 3. Concept of proposed RF—WAVE technologty.

Zi nhe AAA, Y A DR Sol ARE Fig. 49] 7} £502 Yehdl niep Zo] At 7<=
A gsta AA ARz FAs S o3t < kel o9 &S FHsE T, TR
L J1zoltl A E o] 83to =M a1 w7t 1;1 FdHE BUEHP st F2 9 HolHE AHol
AAF T FRE AAho 5] THQ} Agsta 99e dastel Fuste A FEOR U
& Z2AatE FAY FRE A (G ,]tﬂ— ot AAR &L v A 5 APEHE 7
sE B3 5 BUEHY & 5 3= RF-WAVES] 3 A3 A R7|2 T gely Ao =&Y
3 AA & Fig. 3o YERAAT Az o} WAL FEE Tl = sk AvAE AA 8t
A9 #4 F£9 58 =43)7] 93 RFE-WAVE a, Aol 2 AMA ZHE] Algke S o] 83| sk
ol 77GHz #lolt AlA, Aol Bl 7he AA S o) 9 43 £95 24AT FH Aol 2 AA
RF-Wave
Initialization
e e —— L e o e
T l ‘~,\ & Structure Monitoring ‘~\

Radar Sensor [ Gyro/Acc Sensor
Data Acquisition E Data Acquisition Every 100ms

B e R

Non-River Energy

Calc. Acc. Sensor
Data Variation

Filtering Kalman Filtering

i !
i
Calc. Water Level i
& Velocity ot
3
Every Radar FPS I
’," i. Dis E)cfreomem Ace. Variation
River Monitoring Efﬁmaﬁon Thresholding
S Data Server )
' Transmission :
| |
i H
v |
| Risk Situation Aft;tructurlaai i
i Decision Dzjc:z?gr: i 1
{ Alarm System ;:

Operation

Hazard Decision

Fig. 4. Flowchart for proposed RF—WAVE system,



1376 ZEIDICINESE ==X M23A X11=(2020. 11)

river structure

.
e z
e Observation
T Direction
S
—~
wi

g, ater surface

_ downstream
_ or upstream

Fig. 5. Vertical side view of proposed RF—WAVE when
installing the river,
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Fig. 6. Radar reflectivity expression area according to
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Fig. 15, Pure water energy, stream direction, water level and velocity extracted from each stream environment in
Fig. 11—14, (a) result of Fig. 11, (b) result of Fig. 12, (c) result of Fig. 13, and (d) result of Fig. 14,
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Table 2, RF-WAVE observations in various environments derived from Fig, 15

Environment Distance (m) Maximun Incoming Maximun Outgoing Decided Stream
Velocity (m/s) Velocity (m/s) Direction
Fig. 11 7.839 1.599 0.725 Incoming
Fig. 12 7.808 0.200 2.024 Outgoing
Fig. 13 1.780 0.750 2.374 Outgoing
Fig. 14 0.843 2.399 1.224 Incoming
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