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Abstract. Physical acoustic model of fish is used to explain the variability in backscatter and target size. The research

has the aim to apply the theoretical physics-based acoustic scattering models of single animal and laboratory
measurements of backscattering by individual fish. The scattering process was modeled using the distorted-wave Born
approximation. Results showed that the acoustic backscatter strongly depended on the fish orientation. Predicted
scattering over the measured distribution of orientations resulted in predictions of target strength consistent with

measurements of target strength of fish.

K eywords. physical model, fish, acoustic backscatter
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INTRODUCTION Second, the energy backscattered from a collection
of fish is equal to the sum of the energy echoed by

= Acoustic technology has been extensively used for €ach fish [6].  This is determined using the sonar
surveys of fish biomass [1, 2]. Acoustical methods for €quation [7] and the volume backscattering strength
rBeasuring distribution and stock have several (SV). SV is the logarithmic equivalent of the volume
dlvantages over the more traditional net sampling. Packscattering coefficient Sv, whose units are[4).
Acoustics can provide real time estimates of  This paper describes a study of acoustic
abundance, whereas estimates from net samples arBackscattering from fish at 200 kHz frequency as a
.r%)rmally made after the cruise. Net sampling skews function of f|_sh orientation. Th_e measurements were
& omass estimates in favor of those species that arecompared with predictions using the physics based
or avoiders [3]. Nets integrate stock over the acoustic  scattering  Distorted ~Wave  Born
tance they are open, thereby decreasing their abilityAPProximation (DWBA) model.

resolve spatial variability. In contrast, acoustic

ethods can resolve spatial variability on the order of

[4]. MATERIAL AND METHODS

Acoustical methods work by transmitting pulses of
und into the seawater and measuring the
ckscattering energy (echo) as a function of time or
pth. The conversion of the acoustic backscattered
ergy to fish numerical density is based on two steps.
st, it is assumed that the efficiency with which an
h scatters sound is quantifiable and is a function of
e acoustic frequency and the fish’s length, shape, tilt
gle, and material properties.  This scattering
iciency is normally represented by the fish
ckscattering cross-secti@gs, with units of area or
get strength TS, in decibels [5].

is ini dalam bentuk apapun tanpa izin IPB.
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Experimental Design

B Ze@p&ban

Fish samples were collected from Pelabuhan Ratu
Bay and transported by car to the campus of Bogor
Agricultural University. The laboratory experiment
were conducted at the water tank of ocean acoustic
laboratory Bogor Agricultural University.

The underwater acoustic instrument used a
monostatic transducer system make calibration easier
and more accurate [2]. The transducer with 200 kHz
frequency was used to measure fish echo. Individual

i
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fish were placed using a vertical tether of 0.15 mm going from the origin to a point midway between the
dl_ameter monofllament (Fig. 1.). .The animal was .t|ed eyes. The IengtIHa” of a was found by measuring

with a 50um diameter syntetic line around the first L ) )
abdominal segment. This tethering scheme kept itth€ Projection from an image where the fish was

within the acoustic beam, but permitted considerable Pelieved to be parallel to the image plane. The gfigle
freedom of movement and orientation. was the angle betweem and its projection onto the

The acoustic system was calibrated to measure th - <10 [52 2
transmitting and receiving value of tranducer. All 200 fmage plane such thay§ = cos ( & tay /”a”)
kHz data were processed to determine target strengthdhe X- and y-components of a came from the video
form each fish echo. image. The z-component was derived from
The video camera located behind and S|Ight|y % :”a"sn’]ﬁ The acoustic wave number vector
above the underwater acoustic transducer. Fish
behaviour and orientation were recorded on video tape.
Three individual fish were measured and one hundred”k” =27/ A, wherel was the acoustic wavelength in
echoes were collected at this frequency. Data were5ier. Therefore,
recorded for a broad range of orientation angles ~
gecause the animals had freedom to move and the K, sin &
spension line was twisted manually. ~
H k=[Kl |k, | =IKl| © ey

Comp QZ cos 8
DSP }—‘

L- ¢easWas the angle measuring the orientation of the
[12v |
/"/__/ Pawer Supply fish relative to the direction of acoustic incidence,

i ——— determined using the dot product of the two veckors
EEE—— andal8):

\\
\ lTraﬂV @neas — COS_l k a (2)
=l |- el
. Zim 2m
||_____7"___ ‘

- Physical M odeling

Bm
GURE 1. Suspension method of a fish

had a direction from the z-axis and magnitude

ya tulis ini dalam bentuk apapun tanpa iz

ddian atau seluruh kar

Acoustic scattering from a three-dimensional
object having density and sound speed close to those
of the surrounding medium can be modeled using the
Distorted Wave Born Approximation (DWBA) [9]. A
DWBA model is composed of the following volume
integral :

Video Analysis

perbanyak seb

Video analysis was used to determine the three- kf
ional orientation of fish with respect to the — Tiky.r
mensi i i ish wi sp fo _ZTI.”(VK _ yp)e 210 v/ @3)
\Y

FarBmem

cidence angle of acoustic pulse and at the time of
ch acoustic measurement. Using the video image . . .
sociated with each acoustic pulse, a threewhere fos is the complex backscattering amplitude,

mensional coordinate system was created with therelated tog, by the relationshipg, :|fbs|2; kis the
igin at the base of the fish’'s telson. The x- and y- . . .
mponents of the coordinate system came from thedcoustic wave nhumber given By= 277/4, where/ is
ideo image [8]. The z-component was in line with the acoustic wave lengthy, = (k, — k;) wherex is
e camera axis. A vectarwas created in three-space

oy

gnd

2. Dilar&ﬁ%:n

compressibility, given byK:(p Cz)_l; p is mass
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density;c is sound speed; is the position vector. The

subscript 1 refers to the ambient seawater and the 30
subscript 2 refers to the fish scattering the sound. 32
In the case of a uniformly bent cylinder with e 65,8200 67.99
. . -36 . :
radius of curvaturgx, Stantonet al. (1998) give the o R*- 0962 —
expression for the scattering amplitude g 40 o« 2
i 2 4 /'/,/
fis= —T"CD"‘M- f aly, — —yp}e_iz'kfpc cos By :i‘; o
-48
J1(2ksa cos By 50
X [T,Bm dJBliH‘ 1.4 1.45 15 1.55 16 1.65
; it (4) Log Fork Length, FL{cm)
where k is the acoustic wave number in the

surrounding seawater (subscriptay)d the fish body FIGURE 2. Target strength in relation to fish size.

(subscript 2);% and y, are related to densitieg)( and
sound speed<g) of surrounding seawater (1) and fish Pl 60
Irr:lbdy (2) following f = x> — k1)) Ky and (4 = 0, - p1)/ 18
2 , andk =(oc®) ', wherek is compressibility;); is a
Bessel function of the first kind of order 13;; is the
a{%gle between the incident wave)( and the cross
géection of the cylinder at each point along its axis [10].
Ehe Target Strength (TS) is quantified by

2 TS =10l0g,, (| foel)- (5)
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RESULTSAND DISCUSSION
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@) (b)
h size. The increasing of fish size is followed by FIGURE 3. Steps in forming a Distorted Wave Born
. L . Approximation (DWBA) model of fish. (a) Backscattering
@creasmg target strength value. Density and sound. ,ss.section dbs) vs. angle of incidence. (b) Target
%oeed contrasg(andh) were assumed to be constant gyength vs. angle of incidence. The peak in the scattering
roughout the fish. Values for these were taken from pattern occur at angles close to dorsal aspect.
[Z] for fish : g = 1.1347,h = 1.1279. The 180

Figure 2 shows the relation of target strength and

ogaulis ini dalam bentuk a

—n

ilar angles. The DWBA model depends upon a FIGURE 4. TS pattern from measurement}, @nd DWBA
herent summation of scattering from a volume. model calculations({).

gure 5 shows the measured TS pattern of the fish

re in reasonable agreement with the theoretical TS

tterns.  We had confirmed, therefore, that our

asurement system were able to quantify precisely

TS patterns of fish.

2. DilGoid Brefo@ngrid

DCi:ﬁ‘oustic backscattering pattern of the fish was

O . . . . 60
2 gallculated in 1 increments. This was done starting
.g\@th a wave number vectdq; pointing at an angle of 51
3 @WBA = (. Acoustic backscattering cross sectigg 700
2 ahd target strength (TS) against angle of incidence are
(o B N - 75
>shown in Fig. 3a and 3b. -
§ 2 Models and measurements were shifted into the 5 *
.gs@\me reference frame and plotted together for 5}
é@mparison (Fig. 4). The experimentally measured wl
©<gattering  pattern showed the highest levels of
gs"cattering at incidence angless close tb 9his being o
= %id, the measurements appear generally to confirm the ol fo 4l
gngodels, with main lobes in the scattering pattern at Acoustic incidence angle (degrees)
=
Lo
O
e
=
O
2
=
(o]
(<=
()]
a
g
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7.

----- Generic model
Measurement | 8

9

TS (dB)
&
3

20 40 60 80 100 120 140 160 180
Acoustic Incidence Angle (degrees)

FIGURE 5. TS pattern from measurements (---) and
DWBA model calculations[{ ).

CONCLUSIONS

a izin IPB.

2 A new Target Strength (TS) measurement method
Wsing a single beam underwater transducer in a water
tank was applied to fish.

2 We confirmed that the measured TS agreed well
\iith the DWBA model in the main-lobe region.
Bc1e contribution of each factor such as noise and other
contribution of fish body due to backscatter become
atear by future TS measurement.
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