J. Korean Soc. Hazard Mitig. ISSN 1738-2424(Print)

Vol. 22, No. 6 (Dec. 2022), pp.377~384 ISSN 2287-6723(Online)
https://doi.org/10.9798/KOSHAM.2022.22.6.377 www.kosham.or.kr
SIUXH

ShEgtsi2iof| CHSE UAVO[EE RO|FEAE%Y: ALMX| Al

UAV-Based Floodwater-Level Establishment for FEWS for Abrupt
River Section Change in Imsan

SO T1* - ZEfT** - O] Ef£b***
Kong, Yejin*, Kim, Taegyun™, and Lee, Taesam™"

Abstract

Flood damage has been increasing owing to climate change; thus, a flood early-warning system (FEWS) has been established to
evacuate residents safely in flood-prone areas. The FEWS is a fundamental nonstructural system that reduces human and material
damage caused by floods. The damage can be minimized when appropriate settings are used. In general, the need for an early
warning is determined using a water gauge installed on a bridge. If there is an abrupt change in the river section near the bridge,
an alarm is issued based on the water-level gauge on the bridge. However, some areas may be more vulnerable to flooding than
where the bridges exist. In these cases, vulnerable areas can be inundated by floods before a warning alarm is provided. The current
study area of the Chogang-cheon River is such an area. Therefore, an unmanned aerial vehicle (UAV)-based remedy is proposed
to overcome the discrepancy between the flooding water levels of the gauge location and the vulnerable area. First, spatial information
about the river cross section was obtained through a UAV for the study area. As a result of Pix4D processing after river surveying
by the UAV, a noticeable abrupt river width change section was confirmed, particularly upstream of the Gwangi Bridge in the
middle of the Chogang-cheon River. Then, the level of the bridge and the upstream point of the bridge for the same flow rate
were calculated using the Hydrologic Engineering Center River Analysis System (HEC-RAS) program. Through this remedy, the
section of the river where flooding occurs first was defined, and an appropriate flood early-warning water level was appropriately
estimated. The approach in this study can be widely applied to rivers where a FEWS is needed to determine where rivers change
abruptly.
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Yeongdong A

: Gwangi Bridge
: Sangchon Bridge

Fig. 1. Study Area of Chogang-cheon River, Located in the
Province of Yeongdong District, South Korea (Top Panel) and
the Orthorectified Mosaic Image Including 10 GCP Points (Blue
Color, G1-G10) and 9 Reference Points (Yellow Color, 1-9).
The Top Left-side Portion in Fig. 1 Bottom Panel Presents the
Location of Each Bridge
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(c) Point cloud of Sangchon Bridge

UAVEFE AElsisit ARk os AHSFo 2= sk
HRTE AA) Uik S BrFssh B g Az
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g 7102 At UAVE 53 353 28313tk 19719
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HWE 3 AR o2 AAsint A7 de] A 2
7} 2ol tigh 91X HH= Fig 19] SR80l TASIATH
(G1~G10, 1~9).

Post-processing Aol E=E =o)7] 8l AUETt w2
AutelAF2] Evoll Z AHE3F o ARgH 7hd|gle] Aleke
XT701, 1/800 seconds, 4,000 x 3,000 pixels, L&) 3. ISO-100
olt}, ARRISTS fIsted A 107112 GCPe} 9712 AARd

(b) Point cloud of Gwangi Bridge

(d) Digital Surface Model

Fig. 2. Aerial Image Taken by UAV is Shown in Panel (a). Note that the Blue Globular Shapes Indicate the Intial Camera Locations
and the Green Globular Shapes Indicate the Calcuated Camera Locations. The Yellow Lines Show the Difference between the
Initial and Calculated 3D Camera Locations and the Photos Taken from UAV are Shown below the Green Globular Shapes. Panel
(b) and Panel (c) Represents the Point Clouds of Gwangi Bridge and Sangchon Bridge. The Digital Surface Model Generated

Through Point Cloud and Mesh is Shown in Panel (d)
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Table 1. Information of the Error of 10 GCP Points and 9 Reference Points in the Bottom Panel of Fig. 1

GCP NO Error X (m) Error Y (m) Error Z (m) | Reference NO | Error X (m) Error Y (m)  Error Z (m)
1 0.0040 0.0470 0.0080 1 0.0579 -0.0401 0.0264
2 0.0200 -0.0710 0.0030 2 -0.0716 0.1154 0.0146
3 -0.0150 0.0180 -0.0170 3 -0.0622 0.0469 -0.0534
4 -0.0360 0.0160 0.0050 4 0.0949 -0.0113 0.0089
5 0.0270 -0.0030 -0.0080
6 0.0120 -0.0040 -0.0030 5 0.0328 0.0691 -0.0029
7 -0.0270 0.0040 0.0140 6 0.0971 0.0089 -0.0550
8 0.0330 0.0040 0.0010 7 0.1035 -0.0102 0.1489
9 -0.0550 0.0020 0.0070 8 0.0603 -0.0413 -0.0953
10 0.0360 -0.0130 -0.0160 9 -0.1183 -0.0417 0.0007

RMS Error 0.0298 0.0283 0.0098 RMS Error 0.0818 0.0534 0.0651

380 et=TAstE| =24, M22d 6% 20224 12
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Table 2. Information of Allowed Error Range

GSD RMSE (m) Max Error (m)
< 8 cm 0.08 0.16
=< 12 cm 0.12 0.24
< 25 cm 0.25 0.50
< 42 cm 0.42 0.84
< 65 cm 0.65 1.30
< 80 cm 0.80 1.60
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Fig. 3. HEC-RAS Model of (a) Gwangi Bridge (GB), (b) Upstream of Gwangi Bridge (UGB), © Sangchon Bridge (SB), (d) Upstream
of Sangchon Bridge (USB) Indicating the Stream EL. of Three Steps for an FEWS (Caution, Warning, Evacuation)
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Fig. 4. Water EL of Gwangi Bridge (GB) and Upstream of Gwangi Bridge (UGB) when the Flood Occurs at Gwangi Bridge
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Fig. 5. Four River Cross-sections (Gwangi Bridge, Upstream
of Gwangi Bridge, Sangchon Bridge, Upstream of Sangchon
Bridge). Note that the Distance between Gwangi Bridge and
Upstream of Gwangi Bridge is 116 m and the Distance between
Sangchon Bridge and Upstream of Sangchon Bridge is 50 m.
The Distance between the two Bridges is 819 m
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Table 3. EL. and Water Levels (m) from the Riverbed for the
Applied Flood of FEWS (Four Cross-sections)

Flood (921 m?s)

Percent.

ereen 200% 250% 300%
of Flood

EL. | WL | EL. | WL | EL. | WL

GB | 216.08] 3.60 |216.48| 4.00 |216.88| 440

UGB [217.06] 4.60 |217.36| 4.90 |217.66| 5.20

SB | 221.65| 340 |22225| 4.00 |222.85| 4.60

USB | 221.68| 320 |222.08] 3.60 |222.58] 4.10

Table 4. EL. and Water Levels (m) from the Riverbed for the
Applied Flood of FEWS (GB and UGB when the Flood Occurs
at Gwangi Bridge)

] Flood (921 m®/s)
Percent.
ercent. O 610%
Flood
E.L. W.L
GB 219.06 6.58
UGB 220.30 7.84
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