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Study on the Precise Estimation of the Target Strength of FishtO

Kouichi SAWADAR

Abstract Fish target strength is very important as a scale factor to estimate fish abundance
from echo integration results in an acoustic survey, as information to estimate fish length and
species, and as a parameter to design echo sounders.

In Chapter O, several methods of target strength estimation are enumerated and the principal
of fish length estimation method is presented. This chapter is the starting point of the following
chapters.

In Chapter 0, the precise fish target strength pattern measurement system is developed in a
tank. Both the preciseness and accuracy of this system are confirmed by the comparison be-
tween the target strength pattern measurements of the artificial targets and their exact theoretica
calculations. The dorsal target strengths of five species are measured in this system and the
precise target strengths available for the abundance estimation are shown.

In Chapter O, the validity of the theoretical calculations based on the deformed cylinder
model is confirmed. The model calculations based on the swimbladder shape obtained by a
conventional soft X-ray system or a computed tomography imaging system agree well with the
measurements.

In Chapter O, the indexes for the preciseness of the target strength measurement in situ are
proposed and the validity of these indexes is confirmed by measurements and computer simula
tions.

In Chapter O, the estimation method of fish length and behavior is developed by combining
the split-beam method with the echo trace analysis method. The validity of this method is con-
firmed by the computer simulation and the measurements in a tank and a sea The effect of
the motion of the transducer at sea is considered using a computer simulation.

In the last chapter, Chapter 0, a software for the anaysis of the target strength is devel-
oped. It can analyze the target strength in situ with the proposed indexes and can estimate in-
dividua fish length and behavior, seeing the echograms and selecting the arbitrary area. The
actual data obtained at sea is used and the estimation results by this software agree well to the
fishing results.

This paper is a dightly modified version of the doctoral dissertation proposed to Tokyo
University of Fisheries.
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Fig. 1. Skeleton of this paper. The numbers and the tittles of chapters are shown in the boxes.
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Fig. 2. Principles of the quantitative echo sounder.
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Fig. 6. Principles of the indirect method.
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Table 1. Comparisons of experimental TS estimation methods.
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Fig. 8. Principles of the theoretical scattering models. (a)Prolate spheroid scattering model, (b)Deformed
cylinder scattering model, (c)Kirchhoff approximation.
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Table 2. Comparisons of theoretical methods.
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etc. Verification of another model

goooobooobooooooooobuoooog
godoobooooboooooooooboooog
gddddoooooooooo

000000000000 Medwin and Clay, 1100
gooooboooboooooooobobuoooog
godooboooooooooooooboooog
godddddoooooooooooooooooo
godddddoooooooooooooooooon
goooooooobooobboooooobog
FootelITMO OO0 O0O0DOO0OO0OOOODOODOOOOO
O00000 LOOO0O0O AOOO0OOOO000LIAOom
godoodoooooooa

O0000000D0O00StantondI1Ha, [IIb,
IDO000000000 Ye e alYe and Furusawa,
I0O0VYe e d., INMO00O00000O0OOYe &t 4.
godddddooooooooooooooooon
goooobooobooooooooobuoooog
gooooomooomoooboooooooon
O0000000000Fg. 80000000000
godddddooooooooooooooooon
goooobooobooooooooobuoooog
godoooooouooobooooooooon z
J0d0od0oo0odoooooooD Koooooo
000000 KsOODOoooooooogdfoo
oo

ﬂ{@,é):fdﬂh 0omoo
00000000000000df00000000
000000000000000000 ¢(z) 000
000000000000000 7(z) 00000

4f =131 Bia)Fu @) (i) cos (nga))e! ()
" aluliials

0000000000000 o0: 00000000
B.(z)0 k() OODODOOOODOOODOODOOOOOO
oooboooooooooooboooobooooon
goboboboooboooooooooboboooobooono
O000O0Chu et MO0 00000 O0OOOO
oobobooooobooooooooobboooobooono
ooboboooobooooooooobboooobooono
gobobooooooooooooobboooooono
coboboocooooooooooobObocOooobooono
000000 Table20OOOOO
oooboooooooooooboooobooooon
gobobooooboooooooooboboooobooono
000000000000ooooodYe and Fu-
rusawa, [TTTI[T]
oooboooobooobboooooDbbooon
coooooooobobobooooooooooo

OYe et o, IDO0O0O000O0OO0OOOOOOOO

000 XO0OoOoooooooooooooooo
000000000 TSOOODOoDOoOooooDoooo
gooooooobobobooooooobooboon
goooooooboboboooooooboooboo
gooo0O0O0OO0OoOO0OO0OOOoOOOOO TSOooOoo
gobooboobobooboon

ooooood
o0 TSsoOoO

OO0 TSO00O00OO000O0oOOoooooooooo
oooooooOoO0oO0oO0OO0O00o0ooooooo TS
cobobooooboooooooOoobOboOooobooono



60

00000 LO0oDoOoOoOoooooooooo
o0 TSOOoO Tsoodo
0oog TSsooooooooooopoooood
O0O0U0O0O0OMiyanohana et d., (IO 00000 g
OFuusawa, (1O 000000000
Jd00000000 Loooooooooooon
O000O00ooo TSOTs«00oooog

Tsa=kL*? oomoo
goboooooooooobooooobood

TS1=20log L+ TS oomsno

TS =10logk oomoo

gobooooooooobocoooboboooboooo
0000000 LO0emDO0O0000O00MIOOOOO
Oo0omooooooo TSw- 0000 TSOOoOoOo
ooo0ooooOo Tsgooooooo 1sooog
oo TSOOOoO

TSOO0O0O0O0O0ooooooooooooooo
goboooooooooboocoobobooomoooo
ooboooooooooboocoooocoobooooo
00000000000 FooteDmbOO OO OO
ooo

(Ts)= f/z Ts(0)f(0)d o oomoo

-a/2
oM obooooooooooooo
O00Mmuo0ooo00@Momuoooooog TS
gbobooooooooboboboboooogo
gomoooooooboboobooo

oo TSoOo

00 TSOD0oO00oooog Tsoooooood
ooooooooooOoooooooooo T TsOo
TSwax OO OOO

TSMAXZZOIOgL'f'TScm Oommoo

ooooooooogooon TSoooooo Tsao
oad

Miyanohana et dUI OO0 00000000 GO TS
Oo0o0oo0ooomoomdooDoooo TSO O

goboboooooobboooobooboon
ugd

o 0O
O000ooO0oooooooooooo TSsOoO0O
goboooooooboooomooooooooon

() 0DO0O00OO0DO0O000OD0O0OOOOOOO TS
0000000000ooooooooon

(2) DOODOOTSOOOOOOOOOOOOOOO
0000000o00o0oooooooooooooon
00000o0o0o00ooooooooooooooon
0000000O0000ooooooooooooo
ooo

(3 000000000000 O0O0O0O0O000O000
0000o0o0o0oooooooooooooon

(4) TSOOODOODOOOODOOODOOOOOO0OOO
00000o0o0o0o0ooooooooo TSOooon
000000o000o0oooo0oo0ooo0oo0oo0o0o0o00
00000o0o0o00ooooooooooooooo
goooooo

(5) OO0 TSOOOOOOOOO TSOOOOOOO
goooooooo

b0 O0ObOobobobooboooooon
oooon

o 0O
oooboooooooooobooboooobooooon
gobooooooobooooooooooooon
oooTsOoooooooOoooooOoooooo
goboocoooboooooooooooobocoooon
TSOO0O0D0000ooooooooooooooo
goboooboooobooooooooooooon
00000 000Hashimoto, IO OO0O0O0OO
O0M0MIOOOukHzO O OO0 TSOOOOooOoO
gooboboooboomoooooboboooooo
0000000Miyanchana et d., (IO 00000
M oooooooocoobocooooOoooo
gobooobooooboooooooooooooon
ooobooooooooooboobooooboooooon
cooooooboooobooooboooooo
gobooooooobooooooOooooooboooon
cooooooboooobooooboooooo
goboooboooooboooooobooooobooooon
O0kHz OOOODOODOOO0OOO0O0OO0OO
goboooboooobooooOoooooooboooon
coobooooobooooooboooobooooon
ooooooooooooobooboooobooooon
cooboooooooooobocoooooooon
coobooooooooooocOoOoOoboOoooon



gboboooooooobooobooboooboooooo 61

) Fresh water
Fish rotating unit Tank

|
’7PC H Driver \————

£
=)

-

Router

Transmitter|———F(
r PCj‘OscilloscopMoeiveH
I L H

L |

Data recording unit Echo sounder unit

Fig. 9. Block diagram of the developed TS measurement
system.
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Table 3. Specifications of the transmitting and receiving systems.

] Echo Sounder
Parameter Symbol[Unit]
KJITTD ESTT
Manufacturer Kaijo Simrad
Frequency 0 kHzO m m
Beam width 0 degD 0m (DI Fore-Aftd
[0 Port-Starboard(]

Source level OdB re OuPa a O mO 1
Pulse width 0 msd om om
Band width 0 kHzO om
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Fig. 10. Fish rotating system. The target fish is sus-
pended between the two suspension lines over the
transducer mounted on the bottom of the tank.
One end of the line is attached to the weight
through the pulley system. The stepping motor
controlled by the computer rotates the rotating
bar.
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Table 4. Calibration results of KJITTTI.
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Table 5. Specifications of the artificial targets.

Diameter . Water

Type Oa 0Ob b0 a DDkegESr'nt’yD emp. Measurement Date
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BO g Om o om mm M June, (110
BO g Omd g m
BO ad O Omd m Mm M July, 1M
CO [mN Om o m
CO [mn m omd M
CO [mN Om o om m M July, 01m
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Fig. 13. Soft X-ray image of the walleye pollockD0 WRTI OO  Centerlines of the fish body and the swim-

bladder are drawn on the image.
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Table 6. Size of fish and swimbladder, weight of fish, and the conditions of walleye

O

O

pollock used for the TS

measurements.
. Fork Bladder Bladder
WeGht ngth  length  height Blaxider Sampled year and
Fish No. 9 9 DalL bia LCOA angle Date of Meas v 4 Fish condition
Da Ob method
0gOo 0 degd
O cemO 0 mm0O O mmOd

WRTDO oo oo mm om [mlins} 0mo om O [Eninnjiu] o Deflated
Hook and Line™®

WRD 0™ o oo Oom mm [mlins} 0mo mm O [aninslius] o Good
Hook and Line™®

WRT 0% [mans} oo oom mm omo omo mm u} [anlinnjins] [mans} Good
Hook and Line™

WRT O [uxs] oo oom mm [miu} 0mo mm u} [anlinnlin] [uns} Deflated
Hook and Line™®

WRT_O o oo [nns] mm oo 0mo mm ND™ [mimnling] IO Bubbles are observed by soft X-ray measurement

oOommo 0O0moo  00moo Hook and Line™®

WRD O o oo oom mm 0m 0mo mm ND"® [minmjins] IOmm SB. small
Hook and Line™ Bubbles are observed by soft X-ray measurement

WRT O mans] mns] nm m omo omo mm ND"™ [minnjins] Iomm Shadow of spent ovary?
Hook and Line™

WRT_O o mnn} mm mm omo omo mm ND™ [mimnling] o No bubbles, irregular shape of SWB

Trawl™ IO
WRT 0 [uxs] oo Oom mm [mi} 0mo mm mm [lisninn} [muns} Good
Trawl™ TTD
WRT O o ns] oo mm omo 0mo mm ND™ [minnjins] No data No bubbles, irregular shape of SWB

PPUsed for the regression analysis

““No data

BBMakushin Bay, Unalaska Island, Alaska, acclimated in the tank for over (I hours
“UlLive ones are acclimated after trawl, OO shows trawl NollTl

Table 7. Size of fish and swimbladder, weight of fish, and the conditions of juvenile walleye pollock used for the
TS measurements.

. Fork  Bladder Bladder
Weight i Bladder
. length length height ~ - - Sampled year and . -
Fish No. w DalL bia LOA angle Date of Meas Fish condition and comments
L Da Ob method
OgO O degn
O cm0 O mmO 0 om0
WRT_I om om mm om omo om om mom [mimnjins] Hokkaido Univ. No[Tl Good
SB. shape is differed after TS measurement
WRD_Jo° om mm mm om omo omo om  mm nlinmis] Hokkaido Univ. NoTJ Good
WRD_I™ 0m mm mm 0m oma 0mo 0m Dm [ninnfinn] Hokkaido Univ. Noll Good
WRT_Je om om mm om [aina] om om om miuliug] Hokkaido Univ. No[T] Good

PPUsed for the regression analysis

Table 8. Size of fish and swimbladder, weight of fish, and the conditions of Pacific hake used for the TS meas-

urements.
. Fork Bladder Bladder
WEGNt o gth length  height Bladder Sampled year and
Fish No. W g ot I gl ma L Date of Meas ped v Fish condition
Da Ob angle method
O0gO
O cemO 0 nmO 0 mmOd
HKTD_ O oo mm (unn} om oo omo om [m) [anjinnjinn} [T, Trawl Deflated
HKD_o™ o mm oom om oo omo om [m) [anjinnjinn} [T, Trawl Good

PPUsed for the regression analysis
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Table 9. Size of fish and swimbladder, weight of fish, and the conditions of ayu used for the TS measurements.

Fork Bladder Bladder

Weight
length  length  height Bladder
Fish No. W 9 or M pal ba L Date of Mezs Fish condition
Da b angle
O0gO
OcemD O nmO 0 mmO
AYD O™ 0om mm mm om om ommo 0mo om [miimins] Dead after TS measurement
AYD O™ mmo mm mm om omo om omo [mlimiins] Dead after TS measurement
AYD O™ Om om mm om 0m [mlinins] 0mo om [miimins] Dead after TS measurement
Ay O™ mmo mm mm om omo Ommo omo 0mrs Dead during TS measurement
AYT_O™ maliiia] mm mm om omo ommn [mliiia] [mjinjinn} Dead during TS measurement
AYD O™ mm mm Not clear Not clear om [njinjinn} Dead during TS measurement
AYD O™ mmo mm mm om om omm omo [miimins] Dead on Aug. O
y\unlis} omo om ND" ND™ ND™ ND"" omo [nlinlinn} Dead before TS mesurement, XCT™”
AV D oo mm ND™ ND™ ND™ ND™ omo [mlimiins} Dead before TS mesurement, XCT
AYT O maliiia] mm ND” ND™ ND™ ND” mliiia] [mjinjinn} Dead before TS mesurement, XCT
AYLD O omo om ND" ND™ ND™ ND"" omo [alinlinn} Dead before TS mesurement, XCT
AV O om om ND™ ND™ ND™ ND™ omo [nimins} Dead during soft X-ray measurement after TS measurement, XCT
AYT_m maliiia] mm ND™ ND™ ND™ ND™ [mliiia] [mjinjinn} Dead during TS measurement, XCT
AV (70 omo om ND™ ND™ ND™ ND™ omo [mlimiins} Dead on Aug. 0, XCT
AV 7" omo om mom om omo omo omo [miimins] Dead on Aug. O
AYD D" mm mom mm om 0m [mlinins] 0mo [miimins] Dead after Aug. O
AYD 70 mml mm mm om om omm omo [miimins] Dead after Aug. O
AT 170 0mo om mm om om omo 0mo [Rimuns} Dead on Aug. O
AY O™ om om mm om omo ommn om [njinjinn} Dead during TS measurement
AYD oo omo om mm om omo om omo om [mlimiins] Dead during soft X-ray measurement after TS measurement
AYL_DO il mom Not clear Not clear ND™ ND"" omo [nlinlinn} Dead during TS measurement
AYD_mo mmo mm mm 0m omo ommo omo mm 0o Dead during TS measurement
AYT M mliiia] om om om omo Omro omo mm [Riimiun} Dead during TS measurement
AYM_ D™ i) mm mm 0m omo omn om mm [njinjinn} Dead during soft X-ray measurement after TS measurement
AYD 70 mmo mm mm om om omm omo [miimins] Alive till DDIO
AYD D™ 0mo om mm om 0m 0mo 0mo [miimins] Alive till 0DTO

PPUsed for the regression analysis

B0X-ray Computer Tomography

““No data
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Fig. 14. Soft X-ray image of live ayud AL OO in a plastic package with water.

Table 10. Size of fish and swimbladder, weight of
fish, and the conditions of European
anchovy for the TS measurements.

Fork Bladder Bladder

Weight
Fish No. V\? length length  heloht L pa L
0g0 L Oa Ob
OcmO 0 mmO O mnO
EAT O om mom ND™ ND™ ND™ ND™ omo
EAT O om mm mm om omm  omo omo
EAT D om mm mm om Omo  omo [mlins}
EAT 0" om om m om omo  omo omo
EAT O™ om om mm om Omm  0omo [mlins}
EATD om om ND™ ND™ ND™ ND™ omo
EAT D om om ND™” ND™ ND™ ND™” omo
EAT D™ om om mm om Omm  0omo [mlins}
EATI D om om m om omo  omo [uins}
EAT_D om mm ND™ ND™ ND™ ND™ omo
EAT (0™ om mm mm 00 OmD Omo [mlins}
EATD 0™ om mom ND™ ND™ ND™ ND™ omo
EAT 0™ om om mm om Omm  0omo [mlins}
EAT (1% om om mm 0o 0Omo  OmD [uins}
EAT D™ om om M 00D 0D OO omo
EAT (0™ om om mm om Omo  omo [mlins}

PPUsed for the regression analysis
"No data
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Table 11. Fish size, swimbladder size
and weight of European an-
chovy measured right after
captured by purse seine
boats in Turkey.

Fork  Bladder Bladder

Fish No. M ean g paon pal  bia
0 &0 L Oa Ob
O cmO O mmO O mn0
u} omo Dm mm om oo omro
0 D Dm mm Dm 0mD 0mrm
u} omo om mm 0m oms 0mm
u} D Dm mm om Ommn omrm
0 omm 0m mm 0m omD 0mm
u} [mlinun} om mm u] oo omro
0 Dma Dm mm Dm 0mmD Dmrm
0 0omo 0m mm 0m omms 0mm
u} om om mm om omr omm
m omo 0m mm Dm omD omms
m 0om 0om mm om omms 0mm
m D m mm om 0mm omrm
m omm Mmm mm Dm omD 0mm
m omo om mm om omm omrmo
m 0m 0m mm Dm omms 0mm
m omo mm mm om omms 0mm
m D mm mm om 0mm omrm
m 0m 0m mm 0m omms 0mm
m om om mm om oo oaro
m 0m 0m mm Dm 0mD Dmrm
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Fig. 15. Soft X-ray image of armor headD AHTI OO Centerlines of the fish and the swimbladder are
drawn on the image.

Table 12. Size of fish and swimbladder, weight of fish, and the conditions of armor head

used for the TS measurements.

. Fork Bladder Bladder
Weight | gth  length  height Bladder
Fish No. w 9 DalL bia LOA Comments condition
Da Ob angle
O0gO
O cmO O mnO 0 om0
AHD O [OD mm mm mm omo 0omo mm ND™ [kHz Good
AHD O 0D mm mm mm omo omo mm ND™ [kHz Good
AHD O OO mm mm mm omo 0omo mm ND™ [TkHz Good
AHD O™ [0 mm mm mm omo omo om mm [TkHz Good
AHTID [nas] mom ND ND™" ND" ND" 0m ND" Same sample as AHTI_0J, (TkHz Deflated
AHT 00 ;oo mm mm mm [mi} 0mo om mm Same sample as AHTI 0, (TIkHz Good
AHTI O™ Do m om mm omo omo om mm [DkHz Good
AHD O™  [OD mm mm mm [mlins} 0mo om mm [DkHz Good

POUsed for the regression analysis
"“No data

P01t may happen that body fluid dropped because of recursive defrost.
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Fig. 16. Measured and theoretical TS patterns. Scattering model type, shape, and the correlation coeffi-
cients are shown in each figure. Refer to Table 5 about the scattering model specifications. O O
five data obtained at each angle, o average of the five data at each angle excepted bubble inter-

fered echoes, O theoretical valuesO
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Fig. 17. Measured and theoretical TS patterns of type AO.
The symbols are the same as the Fig. 16.
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Table 13. Historical data of the measurements of tilt angle distribution.

Species Tilt angle Observed place Method Observer
Cod 000m, Mmd  Lofoten idand Camera K.Olsert™
walleye pollock 0omo Bering sea Deconvolution K.G.Foote and
00, Mo J.J. Traynor™™
0 og, mad
Ayu 00m, oma Tank, (0 fish™ Camera Shirakihara
00, 00 Tank, O fish™ 0 Personal comm.., (1T100
00, Oomo Tank, O fish™
Etc. 0 00, Mo Miyanohana™"

990bserved number of fish.
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Fig. 18. Measured TS patterns of adult walleye pollock using a (I0kHz transducer. The lines show the
averaged TS except outliers at each angle.
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Fig. 21-1. Mesasured TS patterns of ayu using a [DkHz transducer. The lines show the averaged TS ex-
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Table 14. Parameters of the Specimen
e o e e s
Species w L oa H W, obe bia ka angle Division

0g0o 0 degd)

O cm0 O mm 0 mm0 0 mn0] O mm0

walleye pollock Theragra chalcogrammall

WRD 0" oD mm MOm 0Om mm mm Dmo om u] Mx0
WRT O oTo mm O00m Mo mm mm omo mm [m} mx0
WRD O o4 mm ODm mmo mm mm Dmo om u] m
WRT O™ oD mm on mm mm mm Dmo om [} Mx0
Pacific haked Merluccius productst

HKD_ O oD mm on 0m m mm Dmo om u] mMx0
HK_O oo mm onm mm m mm Dmo mm o mx0

ayul Plecoglossus altivelisO
AYD O 0m mm MOm 0Om om 0m 0mo om om m

AYD O mm om mm O om om omo om om mx0

PObM HeO W, ““Since the soft X-ray image is unclear, bladder width
is assumed as the same length as the bladder height.

Table 15. Fork length and weight of ayu for the CAT scan.

TS means. Weight Fork Standard
Sample 9 length length Comments Condition
date Og)
0 cm) O cm)

romol AYLD O om om om TS was measured after dead

aromel AV [ o o am TS was measured after dead

Iomol AV [ [ o am TS was measured after dead

nmol AYD O Qm om Om TS was measured after dead

1romo3 AV [ Om Om am Alive during TS measurement, dead good

during soft X-ray measurement
Iromog AV [T o o am Dead before TS mesurement
romoo AV [T om om om Alive during both TS measurement good

and soft X-ray measurement
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(a) Two dimensional image obtained by a cat scan.

(b) Edge detection.

(c) Select swimbladder.

(d) Extract only swimbladder

(e) Swimbladder edge detection.

Fig. 28. Swimbladder shape extraction process from the
CAT scan imagesl AL 00O
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Table 16. Physical parameters to calculate TS.

Density Sound speed
O kglmO 0 misd
Fresh water 1o 1o
Sea water 115 1
Fish body 1 1
Swimbladder omm 0o
X
A Wi
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il I :
il i W -z
y (a)Dorsal aspect
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-~ LI T > 2
LS, J6.8
VLT
N
(b)Side aspect
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unit (mm)

Fig. 29. Actua swimbladder shape of ayud AYLD_[J0O
The Z-axis corresponds to the fish centerline and
the short perpendicular lines to the Z-axis align
the cylinders that are used to model the swim-
bladder.
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Fig. 30. Swimbladder shapes (a) walleye pollock, (b) Pa
cific hake, and (c) ayu. The upper side is dorsa
view and the lower side is side view. The upper
scale attached to (f) is applicable to (2)O0(f) and
the lower scale is applicable to (2) and (h).
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Fig. 32. Soft X-ray images of ayud AYD OO
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Fig. 33. Contour lines of the fish body and the swimblad-
der of walleye pollockD WRTI_ O[T (a) dorsal as
pect, (b) side aspect.
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Table 17. Comparisons of the normalized TS.

TScm for average TS

TScm for maximum TS

Species 0 dBO 0 dBO
Measl Meas[ Meas[ Meas[ DCM
AV O 0mmo Ommo 0mmo 0mmo Ommd mun]uin
AY O O ND"™ Ommd Ommo ND"™" mmn]uin
AY [T 0mmo ND"" 0mmo 0mmo ND" 0momo
““No data

Nomarl distribution with average OII° and standard deviation [ITJI° is assumed as tilt angle distribution.
These parameters are obtained by the video camera observation of the behavior in tank.
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Fig. 40. (a) Maximum normalized TS and (b) average nor-
maized TS by squared fork length in cm as a
function of wavelength normalized fork length,
LIA 0 o O measurement, 0 O DCMO
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Rt

Fig. 43. Definition of the fish number in the reverberation
volume, Nv.
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Table 18. Results of TS analysis and condition indexesd Nv and MO for Japanese data.
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Fig. 44. Typica echograms observed in day and nightO (a) scattered echoes in night timed NoO in Table
18T (b) dense echoes in night timed NoO in Table 180 (¢) patch like echoes in day timed No[T

in Table 1801
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Fig. 45. Cdculation flow of Ny and M.
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Table 19. Table of codes for the detected single echo.
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Fig. 56. Principles of the echo tracking method. The ra
dius Ro is the first predicted radius to search the
position in the next ping and that is calculated
from maximum swimming speed of fish and ping
interval. The distance | is that of fish movement
from the in ping position to iOOn ping position.
The vector X, shows predicted position in the
i00mn podsition. The radius R shows the maxi-
mum radius in which there should be an echo
from the same fish.
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Table 21. Paramenters used for the simulation.

Ship

Speedd misO O
Fish
Number of fish 0o
Lengthd cmO mooo
Speedd misO oo3
Swimming direction™
8 O degO DOmo
¢ Odegd 00oOm
Initial Positiond tO0s, xOOO
yO mO 0ooo
zO0m0O momjo
Transducer
Frequency kHzO M
DiameterD mm[) [EnN|
Pulse repetation periodd sO 0
System
TR factorO dBO m
Echo threshold levelD dBO) om

B5The angle 8 and ¢ is measured from the z axis and x
axis, respectively in the x-y-z Cartesian coordinate system
as is shown in Fig.2.6
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Table 22. Data type, OS, language, and computer type tar-
geted to develop software.

Data KFC typed KAIJOO
(O] Windows NTOIIO Microsoftd
Language  Visua C, Visua BasicO Microsoftd
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Table 23. Objectives, research vessel, period, area, and acoustic equipment.

Item Contents
Survey 110 walleye pollock and krill survey
Research vessel Wakataka maruOIJton., Tohoku National Fisheries Regional Institutel]
Survey period June (00O July O, (10
Survey area Offshore of the east coast of Hokkaido
Echo sounder KFQIIOO KAIJOO

Split-beam?Dual-beam

Frequency [(1J, (T, (0T, (TTJkHz

Pulse width OMMms, 1.2ms, OMmMs
00mms is used during survey time.O
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Table 24. Objectives, research vessel, period, area, and acoustic equipment.

Item Contents
Survey (ITD Shoyo maru AUV sensor test
Research vessel Shoyo maru
Period June 00O July O, (110
Survey area Offshore Enoshima, Kanagawa
Echo sounder system KFQTTOO KAIJOO
Split-beamI Dual-beam
Frequency, (11, [11,kHz
Pulse width OMMms, 1.2ms, OIImMs
0omms is used during survey time.O
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