BSPE99575-11592-10

dtskM EFX|Z prototype SHO[EZE
e 2 A M
= (a>) -1 O

Development & Field application of
Prototype Hydrophone for Detecting Directivity

2018. 02. 08

o
H
St
02
H

o
N
y
10



B4 48 TAe HFRw

t2E N K

sel

A& prototype

)

Y},

o

Ay

M2 A

2018. 02. 28.

No

ol

el



mr
N

r

w ¥ FFE P T
o R R
— ajo o
~ " S
. Nro w
" i R _
K N TR N T e
L
Gl
ww w T T T
il
<l | 25| %5 A
Al ® ° i i
illircy
nqu. ,MVQ ,H_Ol mo \mo ‘mo \.mo ,._mo mo
S |54 £
Sk
= W 0 oo &
= 2 o~ —
5 r . .. . . ..
m = o o o o W W
g o Mo T oM T o °
X X
! o
o | AR i
T NO|A T o W o =T
=N L Pl A N
P I B | gy B =
w FTeT | T ’
KH KH AT.C iy
— = 0|
| | E T B N
LB | — o b
o 01| = | 00 oF i)
5 X
S | A= ™ X0 = o =
2 lE (R \ b % m_
£3 T ol =
B
v
0 0 —~ 0 0 = o
i R X 5| o
Ao | X ° B X | B
= ) X £ w ~ BK ok o | 7
R I - I i
"ol | o B B x|

7

tol =235 AlAIE

prototype 3

93

=
=

TR

| prototype]

9]

=z =
= o

c

TR

ol
TH

=0

g4

FA

;OO
=0

et
"
B

o

ol

umo
TR

~

;OL

oo

el
ol
N
o
=

T

W

)\01—

i) 3 3D(E )

3

Dz

O 2D(

2}
)

= Al

ALAS

2 Z

shol

3. Prototype

—_—
o

—_—
o

o

Al

prototype®] A] Al %

1
.

Az A e KIT A%

sto| =2 E

ii



II. 7§93k prototype stol=2Eo] e 2 A H7t

L agaeAe 334 84 4% 54 2 24

[e

O KIOSTW #Agk FxolA 9 HIFdS FA43= e A1 AAL A oo 54 A A
oNA WEAE "A AlE AAIT

O AA 92l A A HdolA F34 8, 16, 20 kHz,
2 del® A E 4708 stol=grE wjde] 4l
71 A&

O -9 Wakd FH oA £7° winte] QxF W WelA WEFAd ®H sES Ho] 3ol A

4 Hsge vt

i=4 -
2 AN BFH BA A% 54 2L 2

A8 AN

O A A% mE % SUd WE AP FAE ASGOH, £F AT £F 29 ANA
sad o9 NEe YFY 54 Ag B

O A¥ 2ol GBFWE 4 §3te] £2d &9 W9l 74 dnt Ave olF 4w F432
4%

el 2| WP £, AOlSRE, AT BAAAA, I VA, AAE A

(7 570 °]4) Directional underwater sound, Hydrophone, Navy combat system,
— o

o2
2

Bearing estimation, Prototype development

— il —




ol

A& prototype &

AT 294

Al

1.

| 7be

0
oo
o

B}
o

—_
o

of ool

_]

zr

o

R
.Sl
Nfo
-

go] o9

oH
0SS
~

.UE

7
Nlo

feil

wK

_ﬁ_l

—_
fils)

ojn

R

+
ol
Mo

el
!
=

N

o

getol] & 7]

prototype 3o]|=2F A|AZF 7

il

k)
y 8

1

_?4

=
=

A A

H,
~ 2017.12.31.
o X] =

€}

2
L

&3

kX

fol =2
- Prototype?]
-

°

A7 g 2 9

ATAL WE # WS

- AR R %go] oy
A2

2017.03.01.

7t

1.
2.

!

ojn

A%
_iV_

3L

Al A

2E

=

ol

<

- Prototype



.

3 prototype Sto| =2 EQ AFA 2 A H7}

A FxoAe] AE slo]l=2EI AAFE AEe] WA €A A A
LR

Aol el A slo|=2Ey AAE AFEL B gx He =4 Z
w4

kA B X2 93 prototype 3O EEE A AE AL

LT Y g E 9% X Y ¢xdyFE
_]
o

g
uel g W P4 WS ol 8F £FY WY

2D %@ 3D FXHAA] AE AN TS ol§F FFLA WY BA W
48

. Prototype 3lo]EZ2E AlAF A&

2% T EE sfol=rEL] ASE FAsta FIlA B e S99
49lE FA4 35k prototyped] AlAIE A% A

oA B AdE AAFES dolE % 4X R AsALFR T4
H
[e]

FA A Stol=wmE b/ AES ol &3 WA stol=mE A%
Toad BEY TA stol==E ArA Y KIT A2

2. Prototype 3to|=E2F ] AP 2 A H7t

7},

"“—H zoﬂ/q_J v} 8k A El-;q As _7‘5733 2 HM

TZ A¥ H7F= KIOST W +%(6.3x4.8x4.3 m) Woll A <=3yt

AA 9 el =4 A HAA F34 8 16, 20 kHz, 92 °] 05 mse CW H~
A5 gAY

AR e 2 m X" 4719 slo]=2E wjde FAE SIARE o] &5t 1

% WAAGBF) 7Y A8

dry

= HAES Fal NTE gAY "HA dagFo] AUl FxolA AAE S
FollM el HEFdE FA sk Ae SAF



]
=K

Ar

. A el A 9

3

of i

M

Al

of| ] 47119 stolEREo| FaE CW

<3
=

- A 57 A A

Nlo

ATNEATe #EAF

V.

)

HO

R&D #AZ g (

olo

Tl &

_Vi_



SUMMARY

I. Title

Development & Field application of Prototype Hydrophone for Detecting
Directivity

IT. Necessaries and objective of the Study

1. Necessaries of the study
- Measurement of the underwater noise level and bearing estimation of marine

organisms are important technologies in terms of marine mammal protection

- Unlike national defense, it is difficult to estimate the direction of unerwater
targets by using a lot of hydrophones in the private sector where the input
budget is insufficient. However, if directional hydrophones can be used, the
utilization will be increased in various research aspects

- Development of the directional hydrophones can provide great technical
advances in understanding the spatial distribution characteristics of underwater
sound in conjunction with other underwater research payloads (unmanned

aerial vehicles).

2. Objectives of the study

- Carrying out core research for the development of directional hydrophone for
underwater bearing estimation, which is difficult to get the introduction of
technology internationally and can not exchange technology in Korea

- Acquiring the know-how on marine equipment development through

Prototype’s directional hydrophone research

IM. Contents and scopes of the study

1. Research period

- Vil —



March 1 2017 ~ December 31 2017

2. Contents and scopes of the study
A. Development of a prototype of directional hydrophone for bearing
detection
- Preliminary study for directional detection of underwater sound

- Establishment of numerical analysis algorithm for directional detection of
underwater sound
- Development of a prototype of directional hydrophone

B. Laboratory and marine test of the developed prototype hydrophone
- Measurement and analysis of directional detection performance of

hydrophone and prototype products in indoor water tank
- Measurement and analysis of directional detection performance of

hydrophone and prototype products in the sea area

IV. Result

1. Development of a prototype of directional hydrophone for bearing
detection
A. Establishment of numerical analysis algorithm for directional detection
of underwater sound
- Directional detection of underwater sounds using multiple Grouped

Beamforming (GBF) techniques

- Application of directional detection method of underwater sounds using
combination of sensors arranged in 2D and 3D space

- Verification test of numerical analysis algorithm that estimates direction of
sound source in air using tennis court located in KIOST

- We confirmed that the directional detection algorithm developed through this
task detects the directionality of noise

B. Development of a prototype of directional hydrophone
- Prototype system of directional hydrophone that records the signal of

hydrophones arranged in a small space and estimates the direction of a

sound source generated in the water is implemented.

— vili —



- The prototype manufactured by this project consists of data acquisition
device and signal processing part

- Producing the directional hydrophones using five channels of non-directional
hydrophones

- Production of software KIT for hydrophone data processing for the purpose

of bearing estimation of underwater sound

2. Laboratory and marine test of the developed prototype hydrophone
A. Measurement and analysis of directional detection performance of
hydrophone and prototype products in indoor water tank
- The water tank test was carried out in a tank (6.3 x 4.8 x 4.3 m) located

in the KIOST

- CW pulse signals of 8 16, and 20 kHz are transmitted from all 9
measurement points and pulse length 0.5 ms is transmitted from the source

- Applying the grouped beam forming (GBF) technique to acoustic data
received from four hydrophone arrays arranged in a cross shape

- From the bearing estimation test conducted in the water tank, we confirmed
that the directional detection algorithm developed through this task detects
the directionality of the sound source

B. Measurement and analysis of directional detection performance of
hydrophone and prototype products in the sea area
- The real sea experiment for evaluating the bearing estimation performance

was conducted using the ship sound source at the Marine Research Center
(MRC) of KIOST

- In five known fixed—point, the developed algorithm was verified by applying
the frequency-based bearing estimation for CW signals received on four
hydrophones

- From the bearing estimation test conducted in the real sea experiment, we
confirmed that the directional detection algorithm developed through this

task detects the directionality of the sound source according to ship moving

_iX_



V. Application plans of the results of the study

O Expanded to national R&D tasks related to equipment development through
applications for commercialization such as the Ministry of Maritime Affairs
and Fisheries and the small and venture business (marine equipment
development, infrastructure construction, etc.)

O Development of products through application of joint projects by industry and
academia in connection with technology transfer to the small and venture
business

O A study on the distribution of marine mammals using underwater acoustic is

proposed to investigate underwater noise characteristics of coastal ecosystem
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