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SUMMARY

I. Title

Development of fish sizing echo sounder for selective fishing

IT. Object and importance of developing research

Now a days, in the sea area of the circumference of our country, the Republic of Korea,
Japan, and China conclude a fisheries agreement, and the fish of its own country is protected.
Because of that, the fishing in the circumference ocean space of our country has shrunk.
Therefore, our country must also be established in resources management type fisheries. In
order to cope with it there actively, the so-called "alternative fishing" is demanded. In this
research, a fish finder which can search for the information directly was developed because a

fisherman want to know the length and the size of a fish in real time in the field.

Ill. Research and development substance and sphere

(A) Ultrasonic transducer and transmitter-receiver design and manufacture

(D vibration element manufacture : Tonpilz type or single vibration element type

(2 acoustic window manufacture : Polyurethane window

(3 weighting transfomer design : side lobe level - less than 20 dB

(@ transceiver(transmitter-receiver) design(participation company) : 5 channel receiver design
(@ 4 channels : TVG receiver channels for direction of fish detecting

® 1 channel : receiving channel for echogram presentation

(® transducer characteristics estimation : Directivity, transmitting-receiving sensitivity,

wide-band approximately estimation



(® matching circuit design : matching circuit design : for split beam transducer and
transceiver

(B) development of eatimation algorithm and development of TS data base for various
fish
(D development of fish length eatimation algorithm
(2 measuring and estimation of TS
(@ development TS data base

@ echogram(conventional method) : over than 8bit

(b target strength histogram, A scope diagram(echo wave) : - 60dB ~ - 40dB

© histogram of fish length conversion function

(d bottom of the sea zoom function and target strength histogram of extension floor : 5
m

(C) DSP design and development
(1 echogram processing circuit design : the echogram of fishing system can be transmissed
with high speed
(2 detection circuit of direction design : receiving the output signal of 4 channels, detect
the direction of fish
(@ monitor and driver design : Hardware for transmitting the echogram data and
presentation
(@ image processing software development to transmit and mark echogram : Software

(® construction and design for detection signal processing unit(DSP)

IV. Research and development result

O As the estimation results of split beam transducer, it was confirmed excellent
performance than other way such as dual beam transducer.

O Planed exclusive use transceiver.

O Measure the reflection intensity for many fish species and secured its information.

O It was confirmed that length of fish can be estimated by signal proccesing method



using A/D conversion board.

O Exclusive use A/D board manufacture and develop its S/W and succeeded in
examination estimation and examined stability of algorithm.

O Constructed data base and derived function accordingly measuring each kind of fish TS

preparing sea water tank of exclusive use.

O It was confirmed that the researched fish finder is different to other conventional one and

easy usage.

V. Practical use plan with research and development results

If this research is achieved successfully, (Dsplit beam transducer's design and manufacture
skill will can secure, and it may contribute greatly in domestic production of fish detection
equipment that is depending entirely on import. @It is judged to contribute greatly on
science of fishery because it can take the information of length of fish by real time. 3t
will contribute greatly on domestic fishery hardware industry because of domestic
production of fish detection equipment.

(@Using the developed techology in this research, other low-cost style fish finder also could
be developed, and it affect to other concerned industry.

(®Legal, social base for enforcement of TAC system is expected to be made up smoothly
by diffusion of the low-cost style fish finder.

a) If the TAC system is enforced for all kind of fishery in near sea, small sized fishes
would be trashed because the fisher man are allowed total weight of fish. Therefore, in the
field of fishery, it can be useful that the information of length of fish can be obtained in
real time by split beam transducer.

b) In order to increase the efficiency of fishery, high valued fish can be taken by the fish
information.

c) The current selective fish finder, which is imported, is expensive, and it offer the

information that is refered to environment of developing country. So that information is not



fittable to our conditions. Therefore, suitable selective fish finder is developed and is

provided in low-cost to fisher man.
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Cp = %i [e + e ]
Zr
) (0— 220 ) —i 02y
Cyp = Ez(jt) [e] te | ]
Cpp - Cp = E(t)zE () [— cos [ZQJ_M%Z)_WQ] 1+ cos [M_TVZ)—WQ]

o] ft}, Wb, o] Ao mHE

2y —
Ci-Cyt Cp Cp = Ei(9) - Ex() - cos [ﬁ?@)—w{l]
= E(t) - Eo(t) - cos [AO,]

o]l At o714, a0, = &%zmom.

Flob 2 el of s Ci-Cyp— Cy- C21% Tk

. 207 —
Cii-Cyp— Cip- Cy = E () - Ex(D - sin [&%2)—“)&]

= E,(t) - E4(t) - sin [46,]
°f B, C - Cy+ Crp- Cp™ Cpy- Cy— Cpp- Cy ol A3l tan(80,) =

tan (A0 ) = MZ_—CIZ_CZL

Cn : C21 + Clz' sz

of o8] FAT & v b, A5 AeA v s Ao 28 oA echo 2159 717]

A A a6, =

AO = tap ! (Mz_clzizL

Cyp-Cy + Ciy- sz)
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3. A 3 AF-FA 0 DSP H AR FAGA 9]

7howEdE sz A

- Phase Mono Pulse W38 dud]5 7|2

b1y} ol 4ol AW F e x

w3 Aol st A sdoR2 FH9

. olw ¥ Aol FaEzle] AmA

tgat ol T& & gtk

dl= dsin(®) = c- t,
ol theeo WAS] APan, d
sin(®) = dl/d= c- t;/d

©=sin '(di/d)=sin '(c - t,/d)
z} W 9 Aes v 2ok
dl - phase delay
d - distance between sensors
¢ - sound velocity
t, - time delay
© : incidence angle
JET} o eXol Ao AR 77t g} o] Fow
S/(H) = sin(w(t—1t,/2)) = sin(wt— wt,/2)
S, (t) = sin(w(t+ t,;/2)) = sin(wt+ wt,/2)
I e Ao s yEd ¢ 9la, o]£7H Low Pass Filterg ©]
PG ARAA 9% ANADY BAZ L F Yrk.

S,(H+ S (D = sin(wt— wt,;/2) + sin(wt+ wt,/2)

= 2sin (w?) cos (wt,/2) ? 2cos (wty/2)=S ,,
Low Pass Filtering

t;= 2/wcos (S ,/2)
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oJzuE flelA FE YAzl AAAL Y

A2 sto] AR EREEH dAAE HEd 7

= #AE 7 U

0 =

sin " Y(c¢/d*/wcos “1(S,,/2)) = sin " YA/ndcos “1(S,/2))

o714 A : wave length

80

60

40

20

asin(-1:1)

-40

-60

-80

-20

-10 -08 -06 -04 -02 0.0 0.2 0.4 0.6 0.8 1.0

-1:1

o

Phase Mono Pulse Active Sonar®] 7&d< flste] o3 22 AAEE AT + U

Z—\

T

SeHS
(SUM)

I Hold s

O

>

02

>

001 0j0 ’|

x[x

HoAS

1
=
0
>

t%‘II’éﬂ}
=oldlS

Hoals (UL UR DL DR)

B Aol BRxE sk ol ®A7e F4A7]8 TokHz 253 EdAwA = 22 3670 9
Fawjdolty, 2F9 EWNEFTA 36402 48kl 9 AAH 47155313

50 AEE FY EALFARA P 5250 S50 AEA0le AREE 194-3-13%

= T
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HA FA Aes 3678 aAE EAd FEAIA AEE TAAY. aga FE] 5xE
Aes "BAS7] ffste]l FAl 5

(counter)3tt}, &3 Edlx~

d

ft

F 92 =
= t=dols AA - AFeeh 194-3-13 4-3-20] dERd npe o] H41 2159 A
t}, 28la 1¥4-3-3d]o] FPGAR Eo A= 2l
Age] WE S BAEY] Yste] 169 E D/A AEE EAste] TVG BA Aoj7t 71538t

Al A 7= 253 ERLFAE 942AE T aAFAT 405 A AEs 22 40log(n) =
4-3-2° eRd
HEol o] 253t EdflAFAC gAlE ofAle] vkAL Ale= A/D 52X DSP e T
1

I

Ak
K
=
=
b~
N
o,
N
12
>,
}01'
9
o
Q.
2
fu
olN
i
H
Ll
N
o
_O‘L
ol
Jfu
2
O
4
o

o
S
=
Ach
[N
lo
b
ok
o
N
N
o
)
>
ofr
ol
=
>
o
T
H
m

o7 RAS &£ 9=

[‘

gAY AE
D Av) &A 54 300m
@ AGHEL £12, o]

@ A/DY AEH F35 IMHz(7HH)
T8 A9 =3 I, A9 F34 400kHz(L )
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Phase Mono Pulse Active Sonarl| ®+&

~ 4beam
SULH ESINPAL -]
SAEX
HMolals
2UE B b
IRNE=S ]
A
EH X2
ERNEPN
Holals PPN
(UL UR DL DR)
(SUM)

81

19 4-3-1 Phase Mono Pluse Active Sonar®] 4]

2—-9.Fish sizing echo sounder 2| AlS Xl A&

split beam
St

|

v

nysss
fish sizing
= LT Ao DSP

B8 LPF A/D

N
IS
ES

(

O9 4-3-2 AE A BEAE

- 42 -



Total Board

address bus
RS232C

Total

System Control DsP data bus craA 45 e
ystem Control
(Note Book P.C) TMS67C6711

¢;

ontrol

DSK 6711 e
v v v
A/D A/D A/D
#1 #2 #8

o
L
Jy

[ [ | Ed25A

300m

x = 300 tan12.

X _ 300

Y= einl2e  © cosl2e 307
_ _3000m) B
ad = " os 12, 300(m) = Tm
A 7= _ . dd  _
12 sd 1500 72/ sec 0.0047

AER SamN = —nyﬁéq; — Sdx10° = 0.0047 x10° = 47007

W TMS 320C6711 47008 x12 x589 = 9282007 wz=o] Sl&H= gold
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Sam N *53]'2(20%°1 fr)
@ TMS 320C6711 BEE=dof= 7F =
e i

-
(i
)
o,
o
r o
1%
S
i
-
ol
ol
2
ol
o
)
o
i
filo
ot
vl

FHy

Incomeing
FPlane Wave

SR

AD vi{n) -

AlZFA A (Time delay) 1, & FHy ¢ BHy AdolA] 459 =203 AAAFE F31d

_ _dsin®
1= C

o714 d & ER=FAY 44, C & QAR FEAREE

web e

T

of Mol FASE /e Arsh Avl, 4@ $A] T A Fuo)E F@s] A

2719 Az A e AA - A2 A B A

re
X
s
H
2
rlr
2
i)
ax
2
ot
filo
Ho
ot
2
=Y
o

G H A2 8 AXE o] A Lo R o] Folx Tk

ANzZAYZRE o7 92 2 A ARE £38E o A7 AMEE HEF L o)
gk st=dloje] AlojE HHEte FAEA 2 AT AAE ntgoR For|delA] AlzHE
A== A&t AGAREA] FA] B A 2" &8 AZES O N FEE
of FAE3+ A-scope, Echo-gram¥} ZZ o & &&= olF9 9% AR 2

AFAR FAE Edebe A28 &84 2T oS AT A%Ed AgaAch

99 4362 A7 - AR oF §HY] AE A5 FAE FASGE Jrdole] BEEE
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UEld Aot 2% HE FA = ZA 29SEZH(Pre-Amp.), SIXAAR AES 93k Aax
35, STC (Sensitivity Time Control)s 34, T34 ®WHIE oGz a-txd wW3E(A/D
Converter), TlA€-oldz21 WHIE(D/A Converter) Z  Al2=®  Hojiel FPGA(Field
Programmable Gate Array)® 7% o1x ). ZF &9 Fx3 dste v # 4-3-13%
Fag=g

NS HS ZXY Aojo A=l & AZEoe Ao HEHS A, FH5H HolHE
Algl 8 AT Eg ol ddats Aladl AlojRe] 2 A4S 19 4-3-7¢ #Zrh E=g

Al g Aojig FAEE FEske] & 4-3-2¢ dEkdth
A

X 4-3-1. A& HS X 72t ¥ & 52 4H
A FA AEE FESE 2T T A%, A=F ARl ofF A
=y
oj=l ot
. Spilt-Beam ®2lo] 298t ojx|e] 9% ARE AAslr] 98 Has =3
AN 2

Sha 4w,

Ao mE WAL AT A E =g or BASE TF 3Rttt
Nzgl Aol ol o8 A 2 Fapase wek Ao wch

60kHzS] 275342 7R = g 2uhel 32S o] £31o] 75kHze o] it

gx7] A5 E 10kHzS) ¥ Fo5E 74 E AE2 Wad

opgm-tyAH ofdEI AT E AAE 28 AZE oA AME ThestEE HAE Al
. B2 MeRT Ad ALY A6 AoA
O g-ofgz 1 Al2~8 AEZEE 9 XY Aol AT E oldE 1 ghox WH3ste] Aol
Way 2 dga,
Az ASFo AAARJ] Ao R AIAF 8§ AZES ]01«] Aol HH&
N Ao
Aty WMed HolHE AaH &8 AZEo|d AL
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(OIS ‘dA\Wv-—33d)
preNCD VA
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E 432 A= Aolne] F4 Ay

[SA 22 E3] dZd50] 9+ CPU ¢ FPGA W% 2% 719 d4&

Ao g
b Add o HeolHE HEY st A/D HE ADT8IIS Alofdth

10-bit o Eal5< 7IAH 3k 2-bitE: B A9 8-bitE A& 3T
ZF A AAFE= 2L STC ALS Fg37] €93 D/A Convert
3. D/A AWE Ao}y A _ et
AD5206& A o] &t}
4. 7zt iHL“ﬂ g AFHZEEREH FoX= HHEE o)gd A/D ZAWEY dHolHE
oA 7] Ao % »aw}

AR On/Off A52 Ao@th. F5a%e wE 54 A4 Age

5. ETlA "2 Aoy

11]016}‘“ 25 o]t}
AL AFZEHY AAY o7 BX7] dolHE AFs7] 93 FPGA

o Al JIAE HlolHE AFsF= 9% SRAM IDT71V016E Aol gkt
Aoz 571 Ade] A/D dHeolHE ¢ol &g flerz FPGACA
6. 9|5 SRAM AJo]H- ezl doly Arts glof Al F ym A Alzkel] HelHE ¢l

e
& s g

178e] RAM<S 570 A4 9] ol &A7] Aloji-oF 448 AFE S CPU
7F A& o] & F ULEE FA g

I[SA M5 o]&3] &5 /O o HA~ 7hesk oj=d 2~ 97t AA
do3 o=g 2 Welwd 7] wio] CPUYNA = FIFO HA 2 W) o
Z FPGA9 HolHZE & 73H FPGA Wi 4= Address @] 5ol A
RAM ol=d2~E 744 RAM Aol -2 HE3ht),

Qe o] 2 A o]

2. A/D Z1HH AoAF

7. Address &5

ju s

Azgl &8 B oA AZES s AlAY 8 g dybAl ot g@47]dd %
A= A-Scope, Echo-gram, 1AW &= 52 o729 A AE 2 A AHE EASIE
dagFow FAE] AlAFol AFE A QdTh
AEEe FA7] B AdEe AFAYFARSTE UAE ASE
ggA U] Alz="l AF(FPGA)Z AFste] HAAHRZ ol HA7E &

o= dagseltt. AlAE 8 dagE2 FPGACA 9% SRAM A=
do] fo]EHE [SAHAE E3to] WolESolw Visual Basic % Visual C++ ¢9oj2 zZAd
16bite] d== 5 ol&sto] Hole B Aol ¥HE Fi A Ak

s el dagls2 obdddl Yetle ofFe A AR AbE EA AR AN 2 AF
AMA S Foto] AAEH = @S ol &shA dn. Az dagEs Foto] AEE @S ol&
&8l 52 A-Scope, Echo-gram, 3l A ™ &, ofF2 YA FA], A& FA

Z]
of 4= = vl Pinge] HelHE FAll A8 dh
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927 AuE 19 37 o] Spilt-Beam WA £447]9] §FFowRE ofF)
WolA gl 7% o, 3 WA 7w o 4de] o8 NE g, £, E. D E,®

BE 4 4-3-1~4-3-32 o] §3te] At el o8] FaAh

P e —
6, =sin~(y/sin“ ., +sin“4,,)

4 sin®a,
p=tn [sinzeezj (4-3-1)

. = tan { EA(i)~EB(i+1>—EA(i+1)~EB<i)}

Ea(i)-Eg()+E,(i+1)-Eg(i+1) (4-3-2)
o i) Ee@-Eo(i+D)—Ec(i+)-Ey()
2 E. (i)-Ep (i) + Eq (i+1) - E, (i+1) (4-3-3)
Split—-beam
transmitter and

receiver
7>

/
?

Target

Transmitting fish

(1+2+3+4)

v =

Acoustic axis

9% 438 oF 9A7 An

®
5]
N

A 7y (Target Strength) A4k
FFo YHetE oFe AR FAHY ARE UeyE 137 ZEE 2 4-3-4~4-3-69)

A AL Akell AbgE = AET] Aae A AR
2

A At

EY =PiM Gh—re DT =T — 5 e DT, (4-3-4)
0 0

Ts= E,2rie™/T%D" (4-3-5)
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2 (4-3-5)% FAHE 7,5 logE FAtA AW A (4-3-6)3% 22 Fefe] SONAR 744

RELY

o2 et A aL, ALtd TSE sHdAe] datglmoM s 126522 Yol fdst

7S =10 log Ts

. e 2
=20logE,+40 log r(+2ar,— {20 log P+ 20 log M+ 20 log Gg} —20 log 2]}55;518 L)
L

=ES+ TVG—{SL+ VR+ RG}—20 log(5(©,))

=ES+ TVG— TR—G(©),)

oI7lel s FAFU(dB),  vRS  FIHIHEMB), RGE  FATFHOIS(dB),
a[dB/m]=8.68B[Np/ml= HTHAAT, g= 547 &4 2 7, A 1F Bessel $0]
o GO)=—V Gh+ Ghy e ST AFE o, dntAow AYPS Fsko]l el

&g obdlsh e Tk 2A1E ol gat] AlatET

G61:a1+ble1+C1921+d1631+€1941
G92:a2+b292+C2922+d2932+€2642

@ A AR

AFW AFY AME TSZYE o] FAHN AFUBAFE ol §ate] TaHA
o,

WA 9 4399 2 08 A9 $2( LsmxWomxHsm )ol 4 @50l o8] 757e) @

Aolel date] ol W, ARWE SPWAZES SAF o 5% WAl 2R dolE W

g tE8ta, AFHIATE FASAT. F 4-3-32 2F A} Fro] Holg WA 5 2
7

FR ojFol uE ALADAT} FEH A
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TS=20log L+ by

(4-3-7)

TS — b,
L=10 2 (4-3-8)
3714 L& Aem), b= AR WAA S (dB)o]
moter driver
" echo
seunder
water tank
a* motor selector e motor i:weight
b : clutch controller #: fish support bar j @ water surface
¢ : transducer selector g : sound beam k : moving panel
d : potentiometer n: fish m : tank window
Y 4-3-9. §F WA BE 2 FAHE
E4-3-3. % WAk ZEe dolE WA P& L APAIASF 24
gl A %Hem] T ] A ¥ LA = [dB]
s 28.3-42.6 16 -69.72
78 0] 16.8-24.2 9 -68.89
A 21.0-32.8 13 -67.35
I 22.5-271.0 9 -73.95
g = 19.4-42.5 10 -68.38
a9 12.4-26.0 13 -72.16
A A -72.21
T T -69.61
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Al 5 A AF-A

1A 1 AEF3A -

7}. element/window | 2t

%5 element=4 4

s 6 o=
a3 %A

EREE R

ENAFAE A7 9 Asstdh B AT A ALg T

75kHzel 55 flste] A AlgkY element= U

Ze Ao AAHYL,

¥ 511 A e Ao
AN 7NV AA A+ % Kas 0.63
A& £s” 10.62x10°6
FA 2 A £ 2
F e kHz £ 107
-12

o} 2] A} 2= <10 C/ N ds3 894
C/m* e 550

%Aé 7:" ‘}I: X 1010N/m2 CSSE 6.3
il m/s v 2875

R x10°kg/m’ D 7.66

Z o] mm [ 175

F 5-1-33 o] AAHo] ¢dd

¥ 512 SFY=(Sdg 15
LA A 5 x10'"°N/m* ca 0.279
&5 m/s v 1670
= x10°kg/m’ ) 1.0
=7 mm I 55
¥ 5-1-3 viE A (o] Z A =A])
A A = x10"°N/m> Cca3” 5.3
&5 m/s v 2200
Ux x10’kg/m” p L1
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- olH@ ARGl srEol = ARk A AR ELVIAGE)

it
H

2

I 5-1-1 3 2E 279 MES wUnh ols AMEY 5EAS M A e 22

il

“

£ Yl

29 5-1-1 A Ak AER A

ot
o4
™
J|m
oX,
rlo
N
o
T
—_
o
=2
>,
I
fult)
(@]
iR
o
N,
N,
=2,
i
ul
=
=
o
i
v

Sample[1]

0.8 1

o
o
1

0.4+

Susceptance[mS]

©
N}
1

oo ;JLJMMLW

T+~ 1 * T+ T * T T T T " T 1
100 200 300 400 500 600 700 800 900 1000

Frequency[kHz]

19 5-1-2 Sample 19 98~
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Sample[1]

0.6

0.4 1

0.2

-0.2 4

Susceptance[mS]

-0.4

-0.6 T

1 T T 1 1T T T 1T 1
100 200 300 400 500 600 700 800 900 1000

Frequency[kHz]

29 5-1-3 Sample 1] A ATEH 2~

Sample[1]
f=82.55 [kHz]

1.6 5

1.4
1.2
1.0
0.8

0.6 4

Susceptance[mS]

0.4 1
0.2

0.0+

T T T T T T T T T T T T T 1
50 60 70 80 90 100 110 120
Frequency[kHz]

a9 5-1-4 71EE AR 2Yd s

-
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o]

Susceptance[mS]

0.8 —
0.6 —
0.4 -
0.2 -
0.0 -
-0.2 -
-0.4 -
-0.6 -

-0.8

AFe] Ay 2 HE Sample 19 EAS

Sample[1]
f= 82608 [kHz]

f =106.991 [kHz]
T T T T T T T T T T 1
50 60 70 80 90 110 120
Frequency[kHz]
1Y 5-1-5 7 EFARZ A 2~

3 5-1-4 Sample 19 54574 A%

ek E 5-1-49 2ol el F gl

A7 71 A A A S kss 0.67
S o> 10.3425%10°°
Rl fr 82.608
= o kHz f. 106.991
-12
?ﬂ]'ﬁ/E}'/F ><10 ! C/N d33 856
e Al 5 x10"N/m> cx 6.4
&5 m/s v 2891
2= x10°kg/m” D 7.658
Rl mm r 5
7l o] mm [ 175
7o MHo g Sample 29 ek A AAE tFSo YEFH AT
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Sample[2]

1.0 1
0.8 -
%)
E 064
(]
(8]
e ]
8
& 044
(8]
[%2]
g ]
(]
0.2 -
004—/ JMMM
T T T T T T T T T T T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000
Frequency[kHz]

13 5-1-6 Sample 29 ZY &~

Sample[2]

0.6+
0.4+

0.2

-0.2

-0.4 4

Susceptance[mS]

-0.6

-0.8

T T T T T T T T T T T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000
FrequencylkHz]

1% 5-1-7 Sample 22 A A€~
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Sample[2]
f = 81.85 [kHz]

1.6

1.4 4
1.2 1
1.0
0.8—-

0.6 4

Susceptance[mS]

0.4+
0.24

0.0+

T T T T T T T T T T T T T 1
50 60 70 80 90 100 110 120
Frequency[kHz]

% 5-1-8 7Ee T FYH A

Sample[2]
f = 81.850 [kHz]
f =107.808 [kHz]

o
®
1

o
o
1

o
»
1

o
[N}
1

o
o
1

-0.2 4

Susceptance[mS]

0.4
-0.6 1

-0.8 4

T T T T T T T T T T T T T 1
50 60 70 80 90 100 110 120
Frequency[kHz]

a9 5-1-9 7R AgE s

-
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A7 71 A A A7 ka3 0.69
A 33> 10.3425%10°°
T 2@ urE fr 82.608
Fapse KHz i 106.991
-12
C]):]]_ ﬁ)g_‘{'»: X 10 C/N d33 856
C/m* €33 548
B A S5 x10"N/m> czx 6.41
&5 m/s v 2891
R x10°kg/m® D 7.658
IRl mm r 5
7 o] mm [ 175
oj el ANERHE Fx AAG A e AAALG wfjg- ZF A= EAZS UE

Aeov WEea A wg- A B Aol AHEE M Felement2 A AgeS & ¢

At

39

- A AEHY AT HAE 9dte] =2 o]e SIMRAD(E A, Kongsberg-Simrad)Alol] A
A ZFe split beam WA o] AlFFo] HA A AHlo] ALRE = ZlEAzte] digd 545 4%
H}E ool YeErd Sl

1.04

b

0.8
0.6

0.4

0.0 _,J M

- 1 - 1 1 1 1 1T 1 1 "1
100 200 300 400 500 600 700 800 900 1000

Conductance[mS]

Frequency[kHz]

1% 5-1-10 SIMRAD®] W&A Y~
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—A
Linear Fit of Datal_A

0.4

Susceptance[mS]

-0.4

1<|)o ' 2(|)0 ' 3(|)0 ' 4<|)o ' 5(|)0 ' 6(I)O ' 7(|)o ' 8(I)0 ' 9(|)o '1o|oo
Frequency[kHz]
719 5-1-11 SIMRAD®] 52+ A41€ 2~
f =72.4[kHz]

124

1.04

Conductance[mS]

o
N
|

0.0

T T T T T T T T T T T T 1
50 60 70 80 90 100 110 120
Frequency[kHz]

% 5-1-12 7R FYE s
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0.6 4

0.4 1

0.24

0.04

Susceptance[mS]

-0.2 4

0.4

0.6 f——————F——— 77—

f =72.4 [kHz]
f =98.9 [kHz]

50 60 70 80 90 100

FrequencylkHz]

o9 5-1-13 7] e gl o] AR A

T T 1
110 120

9o AzRE SHES F4HE E 5-1-6% 2ok

O]

A7) 7] A A A 4 K33 0.71
& £a3° 7.05544x10°°
FA 9 oukEd fr 726
F o4 Ktz fa 985
-12
%ﬁ}\o]"jl\‘ x10 CZ/N d33 783
C/l’l'l €33 548
EFA A 5 x10"N/m* Ccag 5.83
e m/s v 2744
eI x10°kg/m® I 7.747
R 1| mm r 5
Z o] mm [ 18.9
oo gRE B AFoA A2 A s A7 AAFATE 68% = A
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