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Image Analysis for the Simultaneous Measurement of Underwater Flow Velocity
and Direction

Dongmin Seo', Sangwoo Oh>*, and Sung-Hoon Byun’

Abstract

To measure the flow velocity and direction in the near field of an unmanned underwater vehicle, an optical measurement unit con-

taining an image sensor and a phosphor-integrated pillar that mimics the neuromasts of a fish was constructed. To analyze pillar move-

ment, which changes with fluid flow, fluorescence image analysis was conducted. To analyze the flow velocity, mean force analysis,

which could determine the relationship between the light intensity of a fluorescence image and an external force, and length-force anal-
ysis, which could determine the distance between the center points of two fluorescence images, were employed. Additionally, angle anal-
ysis that can determine the angles at which pixels of a digital image change was selected to analyze the direction of fluid flow. The flow
velocity analysis results showed a high correlation of 0.977 between the external force and the light intensity of the fluorescence image,
and in the case of direction analysis, omnidirectional movement could be analyzed. Through this study, we confirmed the effectiveness

of optical flow sensors equipped with phosphor-integrated pillars.
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Fig. 1. Configuration of a phosphor-integrated pillar and optical sys-
tem to measure the movement of the pillar. (a) Design of the
phosphor-integrated pillar, (b) Shape of the fabricated phos-
phor-integrated pillar, (c) Configuration of the optical system
for fluorescence measurement, (d) Enlarged figure of the
detection unit of the system irradiated with the light source.
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2. Fluorescent images taken according to changes in force
applied to the pillar.
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Fig. 3. Image analysis techniques for flow velocity measurements.
(a) Detecting flow velocity through changes in brightness of
the observation image, (b) Detecting flow velocity through
movement of the center point of the observation image.

Fig. 25 Beol Q7kele ol web] B8 I ojnA 2
ol sjgo] Q7bEA) ek Fel0 N wh Al B
2 ojuA2l whe 917 olmA7k 24 B Jeje] Fhedol 9]
A AL PG 5 ek o)ge Deje] AZeIA QrkE0
H, s1gjo] 2718wk B 3 oluixe] Wl &
AEx, BA B2 olnlAe] FAHE o] ArkuE WG

i)
V)
=2

o

b=
ol (
- =

offt
Y
)y o
2L ofh o

g ot

o o i
ot

ol

o

ofh H
o
=)

) H
(B M 1% -
o
OE‘&
o
=)

o
g
)
Lo

T

23
N
i

off Mr rf

H
i [‘Lﬂ){l
o)
N,
R
o

o
i)
X
ofy

2
)
QL
H

-

o lo

N
12
~N

Mo

2 Alo]2] #A|(Mean-Force analysis

AE o} Fig. 3 (byE F3A oujx|2] ¢
HolET) o] Wb WA o Qv
FA olwA e FAEE
FBA olm|A ] T
e E EEshe % i} o]Fof Atk
7o FalAol o] Fg Aelet Hejol <I7td 9
(Length-Force analysis)g ]38} sl= A olth
Fig. 4 (a)= Z&oll ol 17k wje] g3 o] 9|
A A3E vtk 933 olm|Ale] w7] B4 J92 F 11,130
Ao, o] ¢l7}%A] Al 2719 FHF ¥H7]E= 106
otk 0.11 N¢| 3ol dajol 17ka wf H+F B7]= 9901+,
1.44 No| gJo] Zee A7id wje] Fat B7]= 240t} Dol
17He glo] F7gtell wet et W17 s, SAE 1270
o] HlolHE EE A3 aezg a3l wf R* 0.88479] 3}

oo U
fr Lo

_O|L
e rlr o HE
20

4
i',

]

i
HE
1%

of
-

ol
i)
o rir oot me 44 fo N ol 1% e

oX

fuj

lo
A
( OdL

o X2
fr

~‘WL
o
ot > =2
:.:'ﬂﬁ_a
off > M
ot O
2 o
o 8

i

>~
=
9
o,
r
2,

p

=]
o

Eled

0O
Eopu

J. Sens. Sci. Technol. Vol. 32, No. 5, 2023



Dongmin Seo, Sangwoo Oh, and Sung-Hoon Byun

(a) 120
. R>=0.8847
100} -

80 | - .

40

Mean (Pixel intensity)
3

20+

00 02 04 06 08 10 12 14
Force (N)

~
o
~
w
o

30+
25+
20
15 -

10

Length (Pixel distance)

- 5
R°=0.9733
of = 3

L

00 02 04 06 08 10 12 14
Force (N)

Fig. 4. Results of fluorescence image analysis observed according to
external force changes. (a) Graph of analysis results of
changes in phosphor brightness according to changes in exter-
nal force (Mean-Force analysis), (b) Graph of analysis results
of changes in distance of the center point according to change
in external force (Length-Force analysis).
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(5)

Fig. 5. Image analysis technique for measuring fluid direction. (a)
Analyzing direction through the angle of the center point of
the observation image. (b) Six fluorescence images for direc-
tion change analysis, including the initial reference point.

A o 7hlA = o] BFS EE 5 AthFig. 5). Fig.
204 Zojgl oAk

>
4
Y
i<
N
)
(03
E
ot
_0|L
By
EI
«
(A
ot
QL
¢
«
A
i
B
N
3
B
ot
o

S
9
)
>

oy

N
kM
2
o

«
A
Y
kM
2
1o
E
ot
o
b1
e =
X
22
_O|L

o
i o
o > do
e 4
2 o
M

mojo m &

,d
oot

(o3
dr o
2

ro,
N
)
A
ol
o
ok
oS
o
Mo
1
of
o
o r
o
e

Y

=]

=

o

B0

ot

% oft

N

MN

w9 u
D)

2
o

of\ ofx
> o>

fu
ol
ol
&
)
4 =5
N
=5
lo
il
s
1y
¢
=
i
X
[
p‘L
g
© o
O
3 2
2

o)
o fou
o
=
o
N
It
m
rlot
[
et

P,L
X
)

KT
2
0y

NER-

(Degree analysis). Fi
A el %a@z10wvrzqamﬂ-ﬂMﬂ

L v o
= =
‘ﬂ?
%
o2
ot
o
gt
S,
X
=

o
o

% o
off
=
2

Y

0

o o 2
RN
. 33 e o2

iﬁﬁﬁh&ﬂﬂﬁﬁﬂﬂﬂﬁwﬂq

2
Fohe ol olmIAe] x F3} y Fo] HE @} 7



Image Analysis for the Simultaneous Measurement of Underwater Flow Velocity and Direction

~
o
) ~
N
o

)"

104 (6), @)

M

e

Distance of Y axis (Pixel

4
(7) =
20 -0 0 10
Distance of X axis (Pixel)

30 20

(b)

Degree(°)
(1) 0° (5) 118.7°
2) 21.8° (6) 162.2°
(3) 209.5° (7) 235.6°
(4) 295.6°
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