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Change in split-beam transducer characteristics with hydrostatic pressure
and its correction method

Kouichi SAWADA

Abstract: Acoustic-optical composite system, which is consisted of a quantitative echo sounder
and a stereo TV camera system, was developed (J-QUEST; Sawada et al.; 2004, Takahashi et al.,
2004). It can be deployed from a research vessel and lowered to fish aggregation which was
observed by vessel echo sounder. The durable depth of the system is 250m and its transducer is
not a pressure-stabilized type. Since it was predicted that the sensitivity of the transducer might
be affected by pressure, a calibration sphere was always suspended under the transducer in order
to calibrate the transmitting and receiving factor at any depths. In this report, the author
confirmed the change of transmitting and receiving factor and the other characteristics at depth
and proposed a correction method which was modified one based on the report of Ona (1999).

Key words: J-QUEST, calibration, pressure, transmitting and receiving factor
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Fig.O O Acoustic-optical composite system (J-QUEST).
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Fig.O O Survey area and a transect line. Each circle shows
observation station.Scale-up figure is shown in the
lower figure. Each number shows observation
station no. and squares show J-QUEST station.
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Fig.O 0 Relationship between J-QUEST depth and
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Tablel O Variables and obtained values at each calibration

method.

The symbol A’ in the table shows wave length
and it is equal to sound speed (1500m/s) divided

by the acoustic frequency (70000Hz)

Case dx offset dy offset TR offset Diameter d Avg. Res.
(deg) (deg) (dB) (1) (1) (dB)
1) = - £ D D -
- - - 5.00 2.00 0.20
2) v v v D D -
2.0 -962 0.32 5.00 2.00 0.14
3) v v v v D -
0.43 -9.29 0.21 472 2.00 0.04
4) v v v v v s
0.43 -9.29 0.21 5.05 2.14 -0.03
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Fig.O O (continued) Comparison between measurements and theoretical predictions in the ¢ range of 40-110°by the
correction method 3.
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Fig.OO (continued) Comparison between measurements and theoretical predictions in the ¢ range of 120-170°by the
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Fig.O O Comparison between measurements and theoretical predictions
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Fig.O (continued) Comparison between measurements and theoretical predictions in the ¢ range of 80-150°by the

correction method 4.
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Fig.O (continued) Comparison between measurements and theoretical predictions at ¢ of 160 and 170°by the correction

_.3. \
_4_ "-“\
-5 / "
_6’ i ’ ; ) ) . .
-8 6 -4 -2 0 2 4 6 8
o(deg)
method 4.
1.15

O case (1)
X case (2)
+ case(3)

T 110 [ & case(® o

=] - - - -Res=1

B

2 o

%105 I oo o xFRX y

o @] X

g E’*%*ximx;f+++++isaéo

L1900 fpoproocoppiAcacaass o

e T LEL 6P
pgy —r—r—rr—r~
0 50 100 150 200

¢ (deg)

Fig.O O Average linear residuals at different transverse
plane of the acoustic beam.

coooooooooooobooon
Fig. 120000006 ,p00000000000O
cobodoooooobooooobooooooobooooon
cobooooooooooobooooooooboooon
O0000oooo0+o02dBO0OO0OOOOOOOO
oo
oo0oe),wWo000b00D00nooonoooo
000@EDOD0O00D00000ooooooooon
00000000000 oO0oo@eULUdoonoon
oooogooooooodooooooosg.dos .o
oooodeOOoooOOOOOOOOOOOOOOO
oooboooooooooooooobooboooooboo
Oo0booood+xo02dBOOO0O0O0OOODODOO
00o0o0000000(B),w00000000000
oooood
0000dOo00000o00o0ooDooooooo
0000000000000 0oooDoWoooooo
coobobobooooooboobooobooboond

Number of data

800
700 O case (1) o]
Xcase (2) § %
600  +case(3d) A
Acase (4)
500 r S
400 | o *
t o] o]
300 ®
L o]
200 | ) % %,
RS LITTTH, i
0 1 1 L 1 1 1 1 1 1 1 L 1 L
0 50 100 150 200
¢ (deg)

Fig. 10 Number of echoes at different transverse plane
of the acoustic beam.

gbobobogoooooobobobgoboooboooo
gobbooobboobbooobbooobod
gpoooo
gobooobobooobboobboooboba
107.1lmm0O 0OA OO0 0101.1mmO4.72x OO O OO0
gobbogobboobboboobboooobog
OO00D043.9mmO2A 00 0459mmO2.14A 0000
gooboogobboobobbooobobooooboog
gboboboooooboobobobgobooooboo
gobobootdtimmb0oOoooooooggo
ooooooooboobdmmdODooooononQ
gobobooobobuooobobbuooobooooboog
000000D0DO00o00oWooooooDooooo
gobobooobboobobboobobooooboog
obobooooooboooobobo



gobobooobooboobooooobooobooboooobooooboobooboobooo 85

1008 B sie (| e
= =0.2dB 90% | 20.2dB
80% 80%
70%
o 60% o 60% ]
= E 50%
= 0% 40%
30%
20% 20%
10%
0% : 0% - "
0 50 100 150 0 50 100 150
¢ (deg) ¢ (deg)
(1) Correction method 1 (2) Correction method 2
100% a 100% e
Bwithin +0.2dB B within +0.2dB
@ =0.2dB m=0.2dB
80% = 80% fi|m=-0.208
o 60% o 60% |
- E
& &
40% 40%
20% 20% i
0% ! oo LMLl B0
0 50 100 150 0 50 100 150
¢ (deg) ¢ (deg)
(3) Correction method 3 (4) Correction method 4

Fig. 11 Distribution of residuals at different transverse plane in each case.

285 y 750 285 75°
it 3

270 i S Ak -’90° 210'{- 90°

255 i : 05° 255 05°

195°  1ge10165° 195°  1gp210165°

(1) correction method 1 (2) correction method 2

195° 190010165 195°  1g0°10165°

(3) correction method 3 (4) correction method 4

Fig. 12 Display of three residual classes in (6 ,@ ) direction. Blue' o’ :within £ 0.2dB. Black’ +' :less than( 0.2dB.
Red* O’ :larger than 0.2 dB.



86 oooo

gooogon

go2s0mb00d000oodooooobooood
000@iD0D0o0000000ooooooooooa
oodooooobooooooooooboooooon
d0oU0dooooooooooooooooooo
0000000 ououooooooogd
TSOODOODO0O0dooooooooodoooao
do0ouooooooopoooooouooooooo
O0DOO0OOSIMRADOOODOOODOOOOOODOOOO
Oooooooooooooooooilsoomdonon
0000000000 Ona and Pedersen, 2006110 0 O
gdoo0oooooopooooUoouooooooo
oo
0o0ooooJQUESTOOoOooooooooo
gbodooboooboooobooobooobooooooo
dooooooooooooooooooooooo
ogoooo

goog

O0000ooo,ee4uuoooooooooon
000 pp.450

oo0oopDoopo004000000000000
p.254.

0000000000000 oDoooooooo
Jdodooooldooooooooooooa
Oo0o0o00oooooooooooooooon
0 O 25-2807

0000000000000 0o0oooooooon
goz04000000000000000000
OO0J-QUESTOODODODOODDODOODOOOO
Do0o0d0odoooooD,2en23-33.

00000000000 O00000o0oonoi99sn
dodoboooboooobooboooooooo
00000150 9-370

Foote K.G., H.P. Kunudsen, G.Vestnes, D.N.
MacLennan, and E.J.Simmonds, 1987: Calibration
of acousticinstruments for fish density estimation:
A practical guide, Int. Coun. Explor. Sea. Coop. Res.
Rep., 144, 1-69.

Francois R.E. and R.G.Garrison, 1982: Sound absorption

based on ocean measurements. Part[] : Boric acid
contribution and equation for total absorption, J.
Acoust. Soc. Am., 72, 1879-1890.

MacLennan D.N., and E.J. Simmonds, 1992: Fisheries
Acoustics, Chapman & Hall (London), pp.325.

Ona E.(ed), 1999: Methodology for target-strength
measurements, International Council for the
Exploration of the Sea, ICES Cooperative Research
Report, 235, 59p.

Ona E. and G. Pedersen, 2006: Calibrating split beam
transducers at depth, Program: 4™ Joint Meeting of
ASA/AS], 120 (5), Pt.2, 3017.

Sawada, K., Furusawa, M. and Williamson, N.J., 1993:
Conditions for the precise measurement of fish
target strength in situ. J. Mar.Acoust. Soc.Jpn., 20,
73-79.

Sawada K., H. Takahashi, Y. Takao, K. Watanabe,
J.K.Horne, S. McClatchie, and K. Abe, 2004:
Development of Acoustic-Optical System to
estimate Target-Strengths and Tilt Angles from
Fish Aggregations, OCEANS’04 MTS/IEEE
/TECHNO-OCEAN’04 CD-Rom Proceedings, 395-
400, 2004. 11.

Soule, M., M. Barange, and I. Hampton, 1995: Evidence
of bias in estimates of target strength obtained with
a split-beam echo-sounder, ICES. Mar. Sci., 52,
139-144.

Takahashi H, K.Sawada, K.Watanabe, J.K. Horne, S.
McClatchie, and K. Abe, 2004: Development of
Stereo TV Camera System to Complement Fish
School Measurements by a Quantitative Echo
Sounder, OCEANS’04 MTS/IEEE /TECHNO-
OCEAN’04 CD-Rom Proceedings, 409-414, 2004.
11.

Traynor J.J. and N.J.Williamson, 1984: In situ target-
strength estimation of Pacific whiting (Merluccius
productus) and a simulation study of the using dual-
beam method. FAO Fisheries Report, 300, 112-124.

Traynor,].J., 1996: Target-strength measurements of
walleye Pollock (Theragra chalcogramma) and
Pacific whiting (Merluccius productus), ICES. Mar.
Sci., 53, 253-258.



