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ABSTRACT: In this study, a technique for estimating water surface velocity fields in the Universal Transverse Mercator
coordinate system using the GPS information of a propagating drone but not ground control points is developed. First, we
determine the image direction in which the upper side of an image is directed based on the navigation information of the
drone. Subsequently, we assign the start and end frames of the video used and determine the analysis range. Using these two
frames, we segment the measurement cross-section into a few subsections at regular intervals. At these subsections, we
analyze 30 frame images to create spatio-temporal volumes for calculating the velocity fields. The results of the developed
method (propagating drone surface image velocimetry) are compared with those of the existing method (hovering drone
surface image velocimetry), and relatively good agreement is indicated between both in terms of the velocity fields.

KEYWORDS: Drone, Ground control point, Spatio-temporal image, Surface image velocimetry, Video

2 of XMHEES OIZ5IK| 1= S0l 7I== YIRS (GPS X)Tt2 012510 S22 HHTH ST 0iA ZHeIXIS]
FES AEY £ U= WS LS 0] Y2 E8 SSH0IM U= GPS FHE 01510 =22| 0lsEafat o]
ehoh= Wels 280k, 2t JoEs SRRl TAREAl (UTM 22 HESIUCE 1 Ok ARIZ|a S=2|ds
XFEo10] 247et SSM0| HRIS 2RI XIYE & Laie] FHE 013510 SHEHHS o) 7 iEme|y (SEAH
WO LEFQICE T2, 2F SEATHOIM 12527 F& (30 LS POt AZZ RS 7145 7 R4 240!, 0l
e His VIES| EXHIMEES 012t STHEMED} blwet Aot 4Ed| YSot Zus BUCE
SO EF ANEYE ABTHEINRAY, BEHYNRAT STy
1.M2 A AP O.2 FAN AL AT of el 2]
ok A el fRT S Aot RALE o)
S1A0) gk SAU AT SAAE et 12 a7 Hel AT 94 o) 83t fE A
Zolm 3440l zolc. whehdl, FRAlet 2] 2 37be] gzt Baste el wol Basihe w
AFBIO] G A N EClok SR, e} 7h o] L, A ol SR RIS/ HL A 3

*Corresponding author: pururumi@gmail.com, ORCID 0000-0002-2641-141X

(© Korean Society of Ecology and Infrastructure Engineering. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

154



K. Yu and J. Lee / Ecol. Resil. Infrastruct. (2022) 9(3): 154-162

r
N
o?ri

30| ©2 o} Yo AT w Tt ] 9
ol Slck °l°ﬂ EH?* tieto = 2jtofl= ohH
FEAR Y FF= 574

o
1 s
MU

I o
ox

o
e

gt
4
N
N
m {
i3
o
2 °
09:'
O{N
ko)
v

Bl

ofi
ol
N
2 g

Moo

gr AN oox
ox,
e
e
3o
ul
rlr

1
>
(e}
i
_E
i
3
oo
(o
o Ho
[e)
AN
ox
(o

o =
=
2
N
err‘
_EL
g&
rlo

0E
{0 o
. 1o
1
M
L
i
|

X

=

A VAT RTINS
ox,
ofr
o
N
(S
o)
o |
okt
N
L
HU
.9.
o
O~
lo
o
bo
2L
re A
—Ll
mt%

ol
N,
of

X8) o]t} (Yu and Hwang 2017) —o] ’6}-—1_7]
| 132 A ZF% SRl thgt s =
7} ol shale] Lelepe Z4eher Al Ea

=2
)
o
;
Mo
Of
o

QL
il
ie
it
N
rE
2 ©
v
Hr
e
jru
T
o]rl
Jﬁ
X
O
}
tlo
A =
— o

oz

N
v
_\|Ll_‘
i)
0
KU
k&
9#
S
rln
= ok
=2
>

Qo9 1o
i
N

of |H m O

e o of
lo
< fo

L o rh
g or
<

ES

£ o

=
gl gulelel shelol S

A 9 F0) e G4 B4 olck

eh5 S 20 P2 7R Thpat A

]_

 H

ok 5

oo
CE[1:"0.9.
o
o\

-

)

R
Z:
o
B o
2
ok
y o
0
2
iy
it
1o
o
2l
Jo
1B

o
=2

f

ri
o
o
)
off
n
fl
of
ox
o
o
oo
=
:Lo
M
X

|

== 7%
ox
% rlo

11‘,
(L
Ty
L
)
o,
ox
J_
é".:
2
ro
- do
R
mlm
e
=
pacs
ey
N
o I

o)

o rlr
= o
oo e
% 4» o

g
rlr
jin}
m
o
o
ofo
ol
ol
Nk

[e)
o
)itk dHo AL ojn] 1967 9] Kinoshita (1967)
7h Al s e et 2l o] AR 7|

—
(9]
8]

o

£ B3 (GANDE ol g3to] BUGEL A
=L DL TSR
U R ool 2172 0] IEo| Q)= e

0]-831 ¢15L 2= Takehara et al. (2002), Kunida et al.
(2009)8 5 %= Sck o152] Aol A J4e] 5
AAe] EAHE ol gto] BASIITkL 7)< o]
O}, AR o S o] gBGEA = A 9]
A otk 24 07 =S 0|83t A= Notoya et
al. (2016)9] A7} 2 5 GILk. o] A7) i ERo] 2.7

i 2@ WY
o

o |o

ST
lﬂ_\‘ﬂ.r—ﬁ
ol = 7

9 %9 rlo

202 AT 2] AFFHE Rl of
59 Qe Ao 2 e FAse

SIFTU RIPOC, RANSAC oF 11222 23}519ith1
S I A 0194°1WLTauro etal. (2016)7}
Bolognesi et al. (2016) —_4 APt EES 0|83 7
Wi S-S ARSI oW, o5 ERlolA= 98 A
2jof thgh Al A 21 %-E‘%Hﬁl A ATk ol A=
Yu and Hwang (2017) 2] &1+t Liu (2021), Lee et al.
(2021) 9] A5 & 5= Stk 21 o] Fu]Hof A Thef
SHEE QA Ao e 277k Egl o, )
otk 77} QoA Al 2 A
2Yst, ARl glo] ul o] i BHs| £5
of o o) el A] o=t o] el
it BEA0 R AMLALE F
2t AQl7}o] 270] gzl

2
¢
(o]
k~>
~ 2 o
le

o

e

wet
° 2
e
=
EOID
o
Q0

-+

:

o
oo Jr
ofr
ol
2
of
o
o
f
ox,
Qﬂl

2
fr yo Mu
o

e 8

A 27|91 RAFEA A 0] §lo] GAte] B

£ 5= W2 Liu (2021)0] =29] H]3)7]
Sof| A Zroffjo] 21-8-5taL A sl oL, =20 By
7155 ddo] grolujA] Helsfof s, AA|= B
ol gAHE] 17 Ao| ek YA mErH 213 4
ZrobH B87d0] A e A o= HAlth Lee et al.
021 & EE 7hd|g} dl = 9o] 22 ukS o] 851 1l
& Asislon, o] S ) 54 ) Bel

2 Hata) 2] mesiolc

22 EEEYO| EiieIX| 37|

Fol2l ERAOIA o] BalH 91212 2] 9
A= 27A 0l HHIFHIEA] W QElc) V)& B2
g 01§ FUFEEY Ao M AYTEH Y o
Zslgtk &, AAFTA AL o] 85t TAke] HAo]
LhQAPHSLE BelHe) SIS o, ANEY



156 K. Yu and J. Lee / Ecology and Resilient Infrastructure (2022) 9(3): 154-162

L

(CnT)

(a) Image coordinates and local physical coordinates

Fig. 1. Coordinates systems used.
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Fig. 2. The image direction and the drone's moving direction.
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Fig. 3. Schematic diagram of moving drone surface image velocimetry.

Table 1. Drone and camera used in the study

Matrice 300 RTK

Dimension 810 x 670 x 430 mm
Weight 3.6 kg
Maximum hovering time 55 min.

Hovering accuracy

Vertical: 0.5 m
Horizontal £1.5 m

Zenmuse H20T

Sensor

1/2.3* CMOS : 6.16 x 4.55 mm?

Maximum image size

1,920 x 1,080 pixel

Lense

FOV 82.9°, 24 mm

Gimbal

3 axes (pitch, roll, yaw)
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Table 2. Comparison of velocity distribution measured by two methods

9(3): 154-162 161

Hovering drone Moving drone Differences
Y U v Y U v Au Av
6.0 0.009 -0.023 5.66 0.031 -0.027 -0.023 0.004
5.0 0.015 -0.029 4.66 0.014 -0.017 0.001 -0.013
4.0 0.026 -0.021 3.66 0.023 -0.083 0.003 0.062
3.0 0.006 -0.059 2.66 0.005 -0.038 0.001 -0.021
2.0 0.318 0.055 1.66 0.618 0.361 -0.300 -0.307
1.0 0.864 0.141 0.66 0.902 -0.180 -0.038 0.320
0.0 1.199 0.119 -0.34 1.037 -0.137 0.162 0.255
-1.0 1.118 -0.109 -1.34 1.012 0.041 0.106 -0.150
-2.0 0.833 -0.200 -2.34 0.782 -0.132 0.050 -0.068
-3.0 0.477 -0.180 -3.34 0.315 -0.074 0.162 -0.107
-4.0 0.024 -0.079 -4.34 0.013 -0.048 0.011 -0.031
-5.0 0.002 -0.029 -5.34 0.014 -0.024 -0.012 -0.005
-6.0 0.004 0.017 -6.34 0.022 -0.009 -0.017 0.026

-#--Hovering Drone
-o--Moving Drone

Velocity (m/s)

0.2
0.0 00::.@.»0’"’ PR S =7

-8 -6 -4 -2 0 2 4 6 8
Distance from the channel center (m)

Fig. 9. Velocity distribution.
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