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Estimation of the Distribution Density of a Model
Fish School Using an Echo Sounder

Dae-Jae Lee* and Tsuneyoshi Suzuki*

Abstract

This paper describes an attempt to verify the echo integration method of determining
fish density by the use of steel spheres in a laboratory tank. The spheres were randomly
distributed throughout the insonified volume to produce ultrasonic echoes similar to those
scattered from real fish schools. The backscattered echoes were measured as a function of
target density at two frequencies; ie., 50 kHz and 200 kHz.

The results obtained are as follows : :

1) The mean losses in echo energy caused by a collection of 30 targets/m? lying in the
shadow region behind another collection of 5 targets/m® were about —0.4 dB at 50 kHz and
about —0.2 dB at 200 kHz.

2) The frequency histograms or Probability Density Function (PDFs) of the echo peak
values were very close to the generalized Gamma PDF rather than the theoretical PDF, and
they gradually shifted over from the Rayleigh PDF to the Gaussian PDF with an increase
in the number of targets in the insonified volume.

3) The relationship between mean volume backscattering strength (SV : dB) and
target density (p : no./m®) was expressed by the equations: SV =—46.2+13.7 - Log(p) at
50 kHz and SV =—43.9+13.4 - Log(p) at 200 kHz.

4) The difference between the experimentally derived number and the actual number of
targets gradually decreased with an increase in the target density and was within 20%, when
the density was 30 targets/m?.

From these results, we concluded that when the number of targets in the insonified
volume is large, the validity of the echo integration method could be expected.

#

SEEE, BEBEAEIC X 3 KEEEREY, FOoREROLDIER ATV 31,
BERAEY AVCICEREOHTEAER, A= —2WRETHIES AL, Bz —%
e ETHHBEARCKINENE, BERLECHVLRTWLHER, BaARATHY, #HE
AREBIZOE B ZOFXEBAL W5, AR TR, AN I 2BTHOMELEASY
EEBRORBEERRIOEUIRLLLE T, Az —D=3 A ¥ - L ARKE L ORIC
SELEESLEAEGEYE, oRBRRLLAOSABEVHEET S,

— e, BAHROHERAEEI, FEAROEERECASFAAIRh TV, WER

* AL E R K EE TR R IR R
(Laboratory of Instrument Engineering for Fishing, Faculty of Fisheries, Hokkaido University)

—239—



d K K E & # 38(3), 1987

FRHEROKE EOomTRMEAYRE -, B, BrHRAOEN L o2 6HBEHRI, £E0
FVINAEBRFIER S OFTRO SARELGLE S v X 2 HHL TR Y, FoSEHIEL
DEBYERTED LVIOIRELESHTVWAHL, EROBH TR IALDOLEEI ISRk
T EDRB, [T, ZOHRENTEEESOREBERUVEECH LN A -z, BEARS
r— ORI AR A REREER S ThR TV 5%,

AT, BOAROBEEMEEYRIET 57008 AL LT, ARBE K cRRAR
PRRE, ERADSHBEORER OG- 2 —OFETHME L St 20 TRHEH T - 7,

IR RYRE W
L BEEENIC L IBEERS
BEOBEENL OO RS =2 —DZWEH T y.(t) RRATERR B,
y:(t)=Re{/2 « K, + S(t—2r./c) + exp[f(awo * (t—2r./c)+ )]} vrrvrervens (1)

CZC, K GRS ==—RIBOXKMDME, S(t) kv —7iEEY 1 LT 58 4= 2 -0
r LA RE R OB E TOEE, ¢ KPEE, o TREARAEY, ¢ ARH =2 -0,
F o BHEOBRNICK T A(E, Re IRBMETT. (1) A K, 1%, ¥ -+ HERXLLKRATE
D,

K,=P - M, exp(—za . 1) 1/1' )2 m b 0” ¢x .............. (2)

2T, PREREERBOESME M AFEROZTUHRE, o« TRIEFEER, o ER
OBELWTER, b(-) XXZTHBEOKAMEEE, 6, ¢ TEH2REERTE - TOERNOEECS
T5HAAEETRT, ’

—7, BRSBRTH 258, COROBERRAEE, KEVRBEY folke) TELBR, ¥
T Z OB RIKRRD X S KBRBERBETRTZ EBTE B,

Jolka)= —(2/ka) « go (2n+1) » Py(cos @) « sin(z») EXP(j * ggn) e (3)

T, R (k=22/2, A=HEK), e BROER, Pu(+) Brorv FASER, 638
AEERT, 1, g0 BEBE O 0 RORHE T, Faran® 12X - TEERNRE S 1 LHEARTE
b, KRR TREREFIAL T g OREFTELRT 720 (3) RD folka) EROEHRE TS L0
il 7 &8N A VACR-

TS =20 Log[ a/2) . Ifm(/ca [J orreremmi 4)
=7, 3) KEFALTHIrLOREH =2 T y(rs) RFHETESY,

y(z)=(a/2r)+ [~ X(g)+ Flg) + fulg cexp(j+ze e q)dg <ooeeeee- (5)

ZZT, 1 BT A —F (=(a—1)/a), T XZFEBHLKECOERE, ¢ IEXTAE
B (q=ka), X(q) REKANESORELHE, Fg) RV G(q) IH5 -+ BEEBYEAEE
=~ FRUSE - FOREREEY TR,

2. BAEMIC L 3BTRS

EFFEROL - AR FML T 5 n HOEHILOEH =2 ~OSHBHH V() &, —
r, (1) KxFRLTRATRE S,

— 240 —



ZFHAR: AEREEC L SEBRRROSMEEOHTE

o, V() oBREEEY Vo) &L, ¥z V() o7 -V =FHhv V() &35,
Bk z —D=F 1 ¥ -E X, Parseval DEBBEIZL o TRATHREBY,

E:[j] 401k dt=1/2._/::m| Volf) [ df «vvvveeemeemeneenns 7

BT, Volf) kDT (T) REARAL, FLIOROWILCESFEH YRS &, Fhza—=x
FAF LB RKATEERD,

<E>:lz::l (K2 .,e>+zlkz"} (K v Ky v 10> » 00S{¢ha—hi)> wrmmmrrrnvense 8)

T, 1o XEMo A AR, ) RESFHERT, 8) AT, EHNELNY V IABEPI—
BT v EATHMLCRIE, EHO eos(de— ) 10 L e h, (8) RBKATHEALLR S,

Bih, BAEENISOFHza -2 A F - (B}, TOFHEE n il THZ 0N 5,
=77, (9) Rinb, =z —=x A ¥ — (B> L BAEREYM b OENDOFEHIHREE p & OE
Fiy, kX T8I IND,
b+ T/2) - (t,—T/2) + <E>
2:C, ¥ er.-T
ZIZT, =2n/c(f: BZHEBHLENHOFLE COERE), T=2.dr/c(dr: ERFEOE
X), T &My — a8, AR AT ADF A vk g éTBE, Co=(¢:PM,)}? Th5, (10)
KL, a DEEBYEGL, FTVG2ZEBLAVWES R T ENOSHBEDOHEERTH S,
(10) RKOELHEARED 10 585 &, AL F OEEFHERBERE SV L2, kOB
EYNLEIo9 -

p - (Co>/dm)=2"L

SV =10+ Log(<e>/4m)+10 » Log(p) ++crrrrerermsereeneens (11)

ZOBRPELSSTAOEREREECSTOEAXTH Y, APR T (11) X2FIHL TE
OGS MEE p ZHEE LT,

3. BT a—oniRETEE

EBOEMHLONHBEDOERTH 5B = 2 — DRBIT, BBV AECTHRMCEST 5,
ZOEHI, BHENY v AR —# S v & 2 LTl i, Rayleigh S/FIcfen,
i, ZOFMOUE»SLZOE — 7 RIBOBEREEAHR W(R,) HKRATHIMINSY,

B R}" - exp(—3R,*/4Z) | & (n+1) + B
W(R,)=0.35 . =£ VAL 2 nz::ﬂ T(n/2+7/4) 21;1 A

ZoTC, RoilBtth=—a —ov — 7RG, "X Gamma B, Z 1#tk=a -0 2RZEHOBH
EfE, Bib VZ o —RIEOEMHETH 5, (12) XD R, OFHE R & Z & DRI
RAHALT 5,

CRpY =183 0 /Z +revvvvvnmnnerereeemmuninnneen. (13)
=7, Bf= a2 —oREEES (12) R2LARIBE, TOEXEEHNCRN TS,
-— 241 —



I K K BE T # 383), 1987

Rayleigh 534 % —#&{k L 7= Gamma A EA L, TOSMOEREEREM G(Ry; a,b,¢) 1T
KA THENINDY,

o Riprc-1, —(R c
a, b, c)= Lel . pCEa) .e};?([b)( 2/a) ]

G(Ry;

ZET, AT A—4% a, b c DEIL, Stay B0 OHELXFIHALTHE LK, (14) RT, a=v22Z,
b=1, ¢=2 D& Rayleigh ZHTH 5,

HRRERUFE
L iREYORRE

BEERSEE L TORL, TOFEBBEEIEECEHBETH LD, FROABHLNRES
FROBFEERTEXTRNICTHET 501, HELEEX»LEL TS,

ZIT, AMRTE, ZOHEERELTARAIIVSEBEUELIABERL IR TVEAF —
ATR (35 mme) &L OBREN L LCEE LT,

2. BEHBROSHRR

ARBRCHEI L BAEREY ) oOBMOSHEBE R, 5, 10, 15, 20, 25, 30 @/m* TtHbH, h
HOEMF KB EEKE (12mX3mX3m) OFERBEO 1 m® 0 EFEERFI—FKES v 5 a2
G ERI, _

8« DEMERAELAMNERBS» LI TTROT 7 AL s TKBPERETHE LR, 2D
RELY - CEAEOHBCRER IR LSMRRO R HEMNFCN S =2 —FHAIL 12,

EEA MR (1986.12-1987.4) O KIEK (FK) DAREZ, 65°C-10.0°C THh -7,

3. Bt RT L
BREEBSOABROEN S A7 22K 1 1RT,

BEW = 2 — 03I, 50kHz & 200 kHz o A AR (B AREHNIFV-216) #FAL T
v, RS s L RmAg %

ECHO SOUNDER 0SCILLOSCOPE %}ﬂ Oﬁé%?‘%mb ‘7}\:0 : h 6@%%&%%bi, Zk
] MO R S HRICHT TR0 RERRIC T
B T, BEEEKFHACEETDL O, #s

SIGNAL i_‘ 1 7 DR HCEE L,
1 50kHz & 200 kHz f§ DR8N F 0 B Ei A%
® Hr& 20 (A) & (B) Kid, K225

Bohic—6dB ST ¥ — alEE, 50kHz
11°, 200 kHz T 7.5° TH - 12,
¥, RTEBOFTEHETI mmg DR F—

T
! 2 v2
S0 2500 wLvH v H v

—————————— FFT ANALYZER(CF-9203)
T T
t

6P—-1B

[
[
.o

s P by BRI LB = 3 — R OBER S B L
PC980I/WM2 REE%, J0kHz & 200kHz i LC&£ <K 3
D (A) & (B) wird, CoORAH50kHz &
200 kHz F ORI F O ZEMEFRR AL, £«

Fig.1. Block diagram of data acquisition #25m LH23mTHD LEMERB,
and processing system. RBEEEDEEIE2+ v 31D FFT 7

— 242 —



-k BREABIC L 5BRERROSAEEORTE

14.0 (A)
F=50kHz
~11.2 E(X) =R*XB+EXP (CxX)
3 e A=+5,16:B=-2.11:C=-0.07
d R=0. 99
o 8.4
w
=)
o 5.8
= =g
[S]
('8}
2.8
0
1.5 2.5 3.5 4.5 5.5 6.5
DISTANCE FROM TRANSDUCER (m)
- Rl 7
Y O o 4 B WL * /
‘130,—“ ‘\\30,’ 12.5 (8
S+;" F=200kHz % 0dB F=200kHz
” . - o . ‘¢ \\ --------
- \\l?.S/‘—(_igl_ﬂ.l--- ~~~~~ " / N _10.0 E (X) =R%X® XEXP (C*X)
et \‘*,(/ > R=+1.58:B=~0.70:C=-0,78
z/"‘\ K ~.710d8B o s.50° R=0.87
’ P I . ~ >
, ‘\ PPES o T ’ A [ °
’ ~ ’ -
’ :\, \(\ N
7 AN 4~ ~204d8 o 5.0
—-60 ’ ST N 4 AN s0) vl
~o - ~v7 NPt 2.5
, -~ -
Y S -30d4pN
) ~ ’ / - \
K hOvd NP N PR \ 0
/ Fa N . o N \ 1.5 2.5 3.5 4.5 5.5 6.5
! ! N | | DISTANCE FROM TRANSDUCER (m)
h ! ¢ N7 v~40dB Y \ . . .
: H . . Fig. 3. Echo levels at transmitter/receiver
® as a function of distance to a 91-mm-
Fig 2. Directivity patterns of transducers : diam. steel ball at 50 kHz (A) and 200
(A) 50 kHz, (B) 200 kHz. kHz (B).

> 74— (NEFRIERS CF-9205) ¥ AVTiT-o7, BIb, AEORB LY FAALALRAMLT
FFT 7+ 544 ~~HorEthic=a —OERESEHNEDO A/DEHT T 12bit OS5 L
512kHz % v 7V v V7 RAPEKTT 4 D2 A b, 2T, HEOHEXBR I3 0D, 16
BIOFHAE LT -1, Z2OT7F 31V ~OHNBERELXFIALC =2 - -2 0kii®=a —
DoRBEA L ERT 27,

T, =a—F—a%Vav (EABZE PC980IVM2) THWL, FORKREEXT I v & —
(AARESS PC-PR201) Bk 7 » v 2 — (JEDHIZRE WX4675) i L,

4. RBLATLANKE

B AT ADBEMEKER, TSEFOAF— LB (50kHz: 41 mme, 200 kHz: 30 mmg)
CERAVCTT o, ChOOBEREREFGEENLO = 2 —RRAKCEFTRIL 72,

BWRRUEE
L B S ERBEE

BE O A BB 2 K 4 1R,
R X R RBIBOBIHE | fol TH Y, BEBABRTRABER ke THDH, RP ORI ELER

— 243 —



d K K E % # 38(3), 1987

3, HARERPREAF—AREH TS | fo| DBHRMEL 3) R L - TRDLLOTHY, %
@M EOHIAMRTROBEERN L L THA LA F — AKX T 5 50kHz & 200 kHz ¢
D\ fol DERHETH B, Tz, AT E AN 50kHz & 200 kHz CHRER E LTV A5 — A B
T H5ZORAMETCH D, ChSEORANER, FaxDAF—AHRD=FAF —ERERE ORI
EXFIALT (4) XA bRD=,

A F = VEROTEREE folka) OBMEHEFIRA I {BYBRER I, A+ - AR LT,
FE 1.7g/cm®, HEF D FE 5850 m/sec, BEIEOEIE 3230 m/sec TH H, BRI L T, BE 1.0
g/em?®, F¥ 1489 m/sec TH %,

Renbmhd Lok, F40AF—VERIEHTE | fol DEAERF OBRKME (EH) L3E
—BLTEY, ¥%D ka [HEOMHETO | fo | EDOBBORLS LEHICERHTD S,

ZOELY, AEBTHVLIBEORF AR, BEERHGE LTHoREE L TEH
FHRHoTWAHEEZLRSD,

R4 TRAF—ARONSBBEEE (E8) X, kafEAKEX A LIcERT, BHTHL
FEBHELRL T 230 ) TR, B2RERCKHT2O0BRME (SH) ChXTRED
EHrBL G, Zok ) AREENEE, ENEABERE L oTEEEOHEOBEIL L »TKE

~--iRIGID SPHERE
—:STEEL SPHERE
® :3Smm¢ (50kHz)
® :3Smm¢(200kHz)
® 41mm¢(50kHz)
o :30mm¢{200kHz)

©

FORM FUNCTION (fos))

FREQUENCY (ka)

Fig. 4. Theoretical reflection from-function |f..| vs ke and experimental points derived from
echoes backscattered from steel spheres.

(A) (B)

El) Ete)

. S0kHz 41 200kH:z
Measured IJ\ Measured
L] Q

0.ans

0.4mMs

Et) Ete)

S0kHz
Calculated

200kHz
Calculated

-1

Fig. 5. Comparison of measured and calculated echo waveforms for a 35-mm-diam. steel sphere
at 50 kHz (A) and 200 kHz (B).
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Fig. 7. Measured echo envelopes for the lower target as a function of spacing between the upper
targets when a target is positioned in the shadow region behind the two targets which are
symmetrically placed in a line perpendicular to the beam axis at 200 kHz : (L0) without
upper targets, (L1)-(U4) with upper targets.
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Fig. 8. Fluctuations in backscattered echoes from the lower targets caused by changing the
positions of the upper targets when a collection of 30" targets/m? lie in the shadow region
behind another collection of 5 targets/m3: (A) 50 kHz, (B) 200 kHz. The (V,/V,)?
indicates the square of the ratio of the echo peak values and the (I;/L,), the ratio of the
echo energy values.
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Fig. 9. Measured echo peak PDFs superimposed with the theoretical PDF and the generalized
Gamma PDF at 50 kHz.
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Fig. 11. The relationship between echo peak level and rms echo level of echoes backscattered
from arrays of targets at 50 kHz (A) and 200 kHz (B).
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