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Abstract

This study aimed to develop a flow measurement method using drone in flood season. Measuring flow in all branches is difficult to
conduct annually due to budget and labor limitation, safety and river works. Especially when heavy rain like storm comes, changes in
stage-discharge relationship should be reviewed; however, it is usually impeded by the aforementioned issues. To solve the problem, it
developed a simple measuring method with a minimum of labor and time. A numeric map and numeric orthophoto coordinate of South
Korea are mostly based on Transverse Mercator Projection (TM) in accordance with rectangular coordinate system and use World Geodetic
Reference System 1980 (GRS80) oval figure for conversion. Applying a concept of aerial photogrammetry, it located four visible Ground
Control Points (GCP) near the river at Uijeongbu-si (Singok Bridge) and Yeongdong-gun (Y oungdong 2nd Bridge) station and measured
the coordinates using VRS DGPS. Hovering at a same level, drones took orthophoto of water surface at an interval of 3 seconds. It defined
the pictures with GRS80 TM coordinate system, a rectangular coordinate system and then conducted an orthometric correction using GCP
coordinates. According to X and Y coordinate analysis, it estimated the distance between the floating positions at 3 seconds-intervals and
calculated the flow through the flow area according to the flow path. This study attested applicability of the flow measurement method
using drone in flood season by applying the rectangular coordinate system based on the concept of aerial photogrammetry.

Keywords: Drone, Flood season, Flow measurement, Aerial photogrammetry, Ground control point, Rectangular coordinate system
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Fig. 1. Rotary-wing drone (DJI Phantom 4 pro)
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Table 1. Specification of drone and camera

Classification Contens
Maker / Name DIJI / Phantom 4 pro
Weight 1,338 ¢g
Diagonal Size
(Propelirs Excluded) 350 mm
Max Ser\g:: E:‘l,];lg Above 6,000 EL.m
Drone Flight time 30 min
Max speed (s-mode) 72 km/h
Vertical: £0.5 m
(GPS Positioning)

Hover Accuracy Range -
Horizontal: £1.5 m

(GPS Positioning)

Satellite Positioning Systems GPS/GLONASS
Sensor 1’CMOS, 20M
FOV 84°
Electronic Shutter Speed 8 sec-1/8000 sec
Camera Image size 5472 px X3648 px

Sensor size 13.2 mm X8 mm

Focal length 8.8 mm

Interver 2/3/5/7/10/15/30/60 sec
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Fig. 2. Network RTK

(a) Uijeongbu-si (Singok Bridge)

(b) Yeongdong-gun (Youngdong 2nd Bridge)

Fig. 3. Ground control point (GCP)
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Table 2. Result of GCP surveying

station point X(N) (m) Y(E) (m) Z(h) (m)
SK_ILP 570362.254 204784.947 31.232
Uijeongbu-si SK_IRP 570360.180 204726.794 30.879
(Singok Bridge) SK_2LP 570312.205 204783.682 31.151
SK_2RP 570310315 204731.325 30.639
YD-1LP 398061.338 269521.912 126.411
Yeongdong-gun YD-1RP 398077.915 269583.471 125.484
(Youngdong 2nd Bridge) YD-2LP 398080.993 269517.972 126.274
YD-2RP 398096.994 269577.196 125.462

' “°"e"9 ‘ Center of

camera lens
Ground control point
taken in the picture
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= =
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(a) Aerial orthophotograph shooting (b) Collinearity condition

Fig. 4. Aerial photography
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Fig. 5. Cross section of Uijeongbu-si (Singok Bridge) station
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Fig. 6. Cross section of Yeongdong-gun (Youngdong 2nd Bridge) station

(a) Uijeongbu-si (Singok Bridge) (b) Yeongdong-gun (Youngdong 2nd Bridge)

Fig. 7. TM coordinate system setting of floats
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Table 3. TM coordinate of floating point (Uijeongbu-si (Singok Bridge) station)

point

no.1

no.2

no.3

no.4 no.5 no.6

X(N) Y(E)

X(N)

Y(E)

X(N)

Y(E)

X(N) Y(E) X(N) Y(E) X(N) Y(E)

[
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Fig. 8. Correction of floating distance
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Table 5. Comparison of computation and measurement flow

Measurement flow
. . Stage | Rating curve flow
River Station fim) (m’/s) Non-correct flow |  Error Correct flow | Error
(m’/s) (%) (m’/s) (%)
J unI;:;nrg“;:rream (slijéjgesl? %jr?d:e) 1.58 58.93 60.13 2.04 59.87 1.60
2.06 48.53 62.98 29.78 49.80 2.62
Kum river- Yeongdong-gun
Youngdong stream | (Youngdong 2nd Bridge) 2.09 50.53 65.73 30.08 34.35 7.56
1.98 43.36 56.87 31.16 44.99 3.76
2|3 0] BFQ A= 6.94%, 3414 BEE = 242 31%0114] 4336 m’/s, 0] HA5F0] 56.87 mY/s 2 2F31.16%, H G0
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Table 5= <= 9]-F AT A S =58 AP E iﬁ 20 2 Wt oF3.88% 5% o[ &2 AP Eo] ERg o]-85h
FoE BB O 2 2% 40 el RREC) 15 ARE  FBAR Bl AT -3FEH W] B84ol BFH Ut
s b2 A Erdd el Ao s o524 1 wdEnh
Teje} T R gEo] AL 1A B H AL nejslol B
-5l ool AES Tk AET Ft AR (AT
A7) 3 91158 mol A LG Fo] 83 ms W A 4 A B
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