WX

2

HECETE ORI ZE S 25 61 7 w IS 4E3 A 17 H

REPORT OF HYDROGRAPHIC AND OCEANOGRAPHIC RESEARCHES No.61 March 2023

TNFE— LA EBNEEDOT +— 5 —H T AT — Y RIEH LT
RV B O MTALIC B 2 90T

R, W PHE—"

Initial study on the visualization of physical structures in the ocean

utilizing the water column imaging of multibeam echo sounders "

Ryosuke NAGASAWA * and Ryoichi HORINOUCHI*

Abstract

Modern multibeam echo sounders have come to be capable of recording entire underwater echo profiles.

The multibeam water column imaging discovers the spatial and temporal distribution of acoustic scatterers

in water mass, potentially providing essential information to elucidate dynamic processes occurring inside

the ocean. This technical report considers a processing method to highlight characteristic acoustic

patterns that result from oceanographic phenomena and applies the technique to data obtained by the

typical Mills-cross echo sounders. The result shows distinctive mid-water acoustic anomalies of laminar

and periodical patterns. The laminar pattern shows abrupt vertical changes in the echo intensity, which

might correlate with the seawater profile obtained by XCTD. The periodical pattern exhibits a train of

intertwined waves resembling shear instability like the Kelvin-Helmholtz billow. The result suggests the

ability of multibeam echo sounders to visualize pycnocline in the water column, which would further

advance physical oceanographic study in terms of analyzing the 3-dimensional spatial distribution of mid-

water acoustic scatterers.
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Water column ima

ross-track view

Fig. 1. An example of the multibeam water column across-track image obtained by Kongsberg Maritime EM710S
echo sounder visualized using software Teledyne CARIS HIPS and SIPS version 11.4. Annotations indicate

typical noises and artifacts that appeared as echoes.
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Fig. 2. Schematic image of the receiver side lobe
interference on multibeam echo sounding. The
bottom backscatter echo received by side lobes
appears in the echograms in the main lobe
pointing direction; the echoes result in banded
artifacts in multibeam water column imaging.
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Fig. 3. Schematic image of water column image production from multibeam echograms. Time-series sound pressure

level data is transformed into 2-dimensional images with linear greyscale intensity mapped in the depth-

across-track surface.
3. UF—F =0T LAHEOEEIZD
7L — A7 — VIE{§]

WTOMEN. &%
EMEND LTy — 8 = T AHHRE

W=k TSN —27F LD 2RICD

_5_



Ryosuke NAGASAWA and Ryoichi HORINOUCHI

WCHOWENRVZAEZHTEDIZEL LT ERTh
X, Py —ry bbb a—2%BT 5
iR, BEHESRoOmMEICETLIEEZON
5.

3.3 2 RkHERDIER

TA—=F =N T AT —=FIT3WILERHNO T
=L RVERTHDOTHY, MEMIEEL DR
BIZLDH3D 7T 7 4y 7 ZALOPAEIE D
DO, MIHIZHBITH LB, Kil - HEEOSE
TaT AN E VS T2IEIRITLT— 5 L DI
BESTERY. XDFEHWITTHHT 572012
(&, 2 RIe P I b CHGEL R BEAE 2 R L 72 Wi X o
VERDSLEETH S, B2, ORE — MK 7
] (RER]— e W), QEREE — M7 1) (A
T B A — o T T ), )T UK T 1) — TR T 1)
(REE—EWT) O3WMMmMER{RLI LN EZLR
b, YU TNVE=AY—F—% B Clidal
HOOMBOAMF TR TH S —FHT, H—D
T=nLORVTOZRNHRITERTHE LD
MBES D4 L Wz 5. ZNZENOWIH/ER O
BAEIZBWT, HiCHRRIzAY v F 2 7%

MBES water column
depth-across-track
plots

stacked in time
te {rl]: 2 tl}

\

Cfﬂs_g_t'ack

Stacked 2-D images

stacked in cross-track direction
x € {xg, ", %1}

\ \

a\"“ 2\0! B

Yrdap

P THT) SENRETH D, ZOMHIZONT
DA % Fig. 4 1R

4 RF—F2ERVERT
41 BTN TF—2ROERY I T
KimTld, WEM (W] #F8o EM302, &
O (3R] o EM710S 2 H v CHUS
SNV —F—T—=F TNV ELTHW.
M #% 1% Kongsberg Maritime 1% ® MBES T
0, EM302 1% 30 kHz, EM710S & 70100 kHz
2RI W T IZ D DWHEETH 5. WO
AL HEKIZOWREEZ HWIZITbN72d D TH
D, 94— =" L7—FI3MRT—rL LD
WS SNFERI R DD TH D, D7z, %
BV AR R OREEIG U TELEE5 L9
FRLU=FHTHEL VD RE, V—F—0Dfk
TENZ T P 3 O WAL D 72 D 1 i b S 7z
b DOTIE R, FEWEEIX EM302 7— % 53K
FERE AR, EMT710S 7 — % 25Kt B IR ©
b, FRAMRICB T 2 KROHETT T 7 4
VWEDWEDID, V—F—T— 7 R IIHbE
THrbN7z XCTD (F F A KRR KO

stacked in depth
d €{dg,,d1}

‘;a‘-“‘

Ji
l
h

Fig. 4. Schematic image of the stacking of the water column images. 2-dimensional depth-across-track plots of each

ping are lined up in space and stacked into three cross-section images.
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(a) List of sonar files

beam nr.of  nr.of . ing interval distance/pin,
'a!::r?a::ﬁ:?: é::‘;lus puse width beams  pings duration a aferaged length averag);fi ”
Fs1 EM710S 71.0.75.0.87.0 CW, 5ms ol 256 6037 1799s 0.30s 11560 m 19m
Fs2 EM710S I?B.b,'SS.IO,’ 95.'0], CW,5ms 1% %0 256 6037 1800s 0.30s 10742 m 1.8m
Fs3 EM710S CW, 20 ms 1" x1° 256 3687 18005 0.49s 12555m 3.4m

IDcode  MBES

26.5,26.9,28.1,28.5,

207,30.1,313,31.7 CW, 50 ms 1" x1 288 907 1682s 1865 12189 m 134 m

Kel EM302

(b) Geographic locations of ship track and XCTD/XBT casts

38°N
/ A
° }i" Area ['Fs"”
36°N [ -

.v A
37.6°N [p

~
34°N s
v
3
32°N A
Area “Kc”

A (RSN S — i — 37 4°N | e FS
132°E 134°E 136°E 138°E 140°E 142°E

37.2°N

32°N

36.8°N

31.6°N
132 8°E 133.2°c 133.6°E 134°E H41°E 141 2°E 141.4°E 141.6°E 141 8°E

Fig.5. (a) List of sonar data files and associated parameter settings. The number of transmit sectors is 3 in EM710S
and 8 in EM302, with a non-overlapped transmit frequency range assigned to different sectors. The EM710S
has the two sets of frequencies transmitted alternately. Note each sonar file is obtained for bathymetric use so
that the pulse settings are not optimized for mid-water target recognition. (b) Geographic locations of the ship
track recorded in each sonar file and the associated probe casts of XCTD (expendable conductivity,
temperature and depth sensor) and XBT (expendable bathythermograph). The background bathymetry is
from the GEBCO 2022 gridded data (GEBCO Compilation Group, 2022). All the timestamps are represented
in UTC.

5 (a) AFCTHWAY—F—=F—=FD—%. EM710S & EM302 3 dliC~ IV F L7 ¥ EXErEELTEDY,
Kl s FICRL D REREEAE Y B THERTWS, 72, EM7I0S Tk 32012 #I2Z2hZ2h 2 0
JARESE Y B TOR, RHICBEBEEINIRELR->TWE. WFRLMEHORETHY, v+—F—7
I AT = RBHICR#EL SN b0 TEEwZ EICHE. (b) V—F—7— & IS Nzl AR o Hik
KO XCTD/XBT #¢ F#h i &2 7R L7k ]X. 15 st oz X GEBCO 2022 7Y v F7— % (GEBCO
Compilation Group, 2022) % HWTERI L7z, RHORELIZTXTCUTC TH 5.

XBT (#% FAKEED) OB RLMEH L. K 5.
MTHH) T—%O—&E% Fig. 5 1273, LR BN WS N2 BB OV 23 b ik
T—=F OO0, KPR LIza—FxHw Thh, FORXNWVAEEFIY—F—F—F% 774
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Initial study on the visualization of physical structures in the ocean

utilizing the water column imaging of multibeam echo sounders

Water column image, across-track view
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Fig. 6. Water column images of depth-across-track cross-section, showing the effectiveness of the median stacking
method. The single ping image of the Kcl sonar data (upper) is smeared with random noise. Stacking
consecutive 10 pings (middle) and 30 pings (lower) improve image quality, suppressing noises and
highlighting the mid-water scattering layers. Since the average ping interval is 1.86 s for Kcl, 10 and 30 pings
correspond to time periods of 16.7 s and 53.9 s, respectively.
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(a) Water column image (vertical cross-section along ship track)
across-track stacked (starboard 10 - 20 m), depth binned (5 m)
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Fig. 7. (a) Water column image of the vertical cross-section along the ship track, obtained from the EM302 sonar file

Kcl. Stacked horizontally (10 to 20 m of starboard side) and depth binned (5 m bin), horizontal layers of high
backscatter intensity are seen. Note the horizontal axis represents ping number, not transformed into distance
scale. (b) Vertical profile of physical oceanographic parameters estimated from XCTD observation data “Kc-
XCTD” . TEOS-10 (I0C et al.,, 2010), the standard for thermodynamic calculations of seawater, is applied to
estimate potential temperature 6, absolute salinity s,, potential density o,, sound speed c,, acoustic impedance
oc; and Brunt-Viisili frequency squared N°= — (g/p) do/dz. Although the location of the probe cast is not on
the MBES survey lines, the spike in N at around 100 —200 m deep might be associated with the abrupt
change in backscatter intensity in the water column image at around 100 — 200 m deep (indicated by red
arrows).
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BA%3 5. (b) XCTD Blilll7—% (KcXCTD) 25 SN m0ME T a7 7 4 v, #EEITIEED
SRS 4 75 ) TEOS10 (I0C et al., 2010) 3@ L7z, Kb o#R&ANE, K% 100 -200 m (2BWT N
DOLFAEY =5 =D T LHEROE G EGEEEOEALDIFIE L TV b EALNLHEFIZ/RLTW5.
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Initial study on the visualization of physical structures in the ocean

utilizing the water column imaging of multibeam echo sounders
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Fig. 8. Water column images generated from Fs1 data file (a—c) and Fs2 data file (d —f), showing the characteristic
mid-water periodical structures with three cross-sections. (a) and (d) are depth-across-track cross-sections.
Both images are 10 pings stacked, correspond to the time period of 2.7 s. (b) and (e) are horizontal cross-
sections with vertically stacked, and the vertical axes represent the across-track distance (positive starboard).
The stacking is applied to the depth range of 123 —124 m for (b), and 117 —118 m for (e). (c) and (f) are
vertical cross-sections with horizontally stacked, and the vertical axes represent the depth (positive
downward) . The stacking is applied to the distance range of 10 —20 m of starboard side for both images. (b
bis-f bis) are water column images clipped with the dashed rectangle in the original images (b —f), with
characteristic acoustic anomalies traced.
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utilizing the water column imaging of multibeam echo sounders
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Fig. 9. Water column images generated from Fs3 data file. All images are created with the same intent as Fig. 8.

B9 F3T7—% 77 ANVNSER LY +—F =T AH{§EE. ThZh Fig. 8 LD FIHTIER I Nzd D

TH5.

_14_



Initial study on the visualization of physical structures in the ocean

utilizing the water column imaging of multibeam echo sounders

sound speed [m/s]

1475 1485 1495 1505 1515
0
50
E 150
~
I
S
200
Fs-XCTD
Fs-XBT
250 <
300

Fig. 10. Sound speed profiles estimated from XCTD
and XBT observations (Fs-XCTD and Fs-XBT
in Fig. 5). The estimation formula of the
Hydrographic and Oceanographic Department
explained by Uchida (2002) ( #T H , 2002 in
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