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INTRODUCTION

In the time-domain, a target with a radially closing velocity will compress a
reflected waveform, whilst a target with a negative radlal velocity will stretch
a reflected waveform. The amount by which a waveform ls stretched or compress-
ed depends upcn the relative radial velocity of the target compared to the vel-
oclty of propagation in the supporting medium, A measure of the Doppler expan-
sion or compression is the Doppler compression factor, a, defined as;

ga=lec-v)tlc+v} (1)

If a waveform undergoes a Doppler compression a, the resulting waveform will be
identical to the starting waveform but all occurrences of the variable t in the
defining equation are replaced by t/a. The waveform duration is changed from
say t1 to a.tl. A Doppler shift may be described mathematically as,

f{t} ----Doppler Shift----> f(t/a) (2}
where f{ ) is an arbitrary function.

In the frequency-domain the effect of a Doppler shift 1s of a reciprocal nature
relative to the same effect viewed in the time-domain. If F{w) 1is the spectrum
of a signal, then after a Doppler shift this spectrum becomes a.F{a.w). The
mapping equivalent to {2) is

F(w) ----Doppler Shift----> a.Fla.w) (3)
Comparing (2) and (3) shows that if a Doppler compression occurs in the time-
domain, {2<1), this creates an expansion in the frequency domain together with

a scaling factor.
ECHO DETECTION VIA CORRELATION

In an echo-location system, optimum detection can be approximated by matched
filtering [1]. A matched filter has a frequency-domain transfer characteristic
which 1s the complex conjugate of the spectrum of the signal to which the filter
1s matched. Matched filtering can also be accomplished by correlation [2].

A practical scheme for the presentation of the processed information would be

a4 plot or graph of Doppler-derived velocity' against ‘'range'. This can be
achieved by a system of scanning in both range and velocity whilst making a com-
pariscon with a known signal. This scheme could be described as a point-by-
point interrogation generating a probability output. Such a system produces

a plot which is called an ambiguity diagram. In practical terms the interroga-
ticn process could be performed by correlation. Velocity and range scanning
can be accomplished by compensating for the effects of the particular velocity
and range belng scanned prior to the correlation,

The Wiener-Kinchin theorem states that if cxy(T) is the cross=-correlation

function of two time functions x{t),y{t) and ny(wj is the Fourier transform of
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c (T), then
xy

ny(w) = X{wl.Y®{w) (4}
where X(w) and Y(w) are the Fourier transforms of the time functions x{t} and
yit). {The '#' denotes complex conjugate.} This theorem is utilised in the
scheme being outlined. Equation (4) can be compared with the time-domain
correlatigp equatian

Cey(T) = [ x(ty.yie-T) dt (5)

Equation {5) yields a single point indicative of the degree of correlation be-
tween tne replica and the recelved signal with a lag T. However, in the fre-
quency-domain, correlation is merely the product of one spectrum with the com-
plex conjugate of another. This generates a third spectrum referred to as a
cross-spectrum. Using the inverse Fourier transform of ny[w) results in a

number of correlation ceoefficients which are associated with a number of range

cells. In practlice, some form of the discrete Fourier transform {DFT) is often

used and the discrete equation equivalent to eguation (4) is a circular corre-
lation. Suppose the duration of the transmitted signal is N1.&t and the pro-

cessed time window is N.At, where 1/At is the sampling frequency. Then the
number of meaningful correlation ceefficients is (N-N1J spaced At apart along

the lag axis. Multiple correlation samples are obtained because of the scan-
ning action created by equation (4]. The missing N1 points are lost because

of the circular process introduced by using the DFT and finite time windows.

© Scanning in the range dimension is achleved by the frequency-domaln process
automatically. If the size of the scanned range needs to be increased eiiher
N is made larger or the process is replicated for another time window of size
N.at.

REDUCTICON OF PROCESSING OVERHEADS

Consider the processing overheads induced by working in the time-domain. The
cross-correlation of two similar signals with non-zerc centre frequencies,
results in a cross-correlation envelope superimposed upon a centre-freguency
component. Since it is the envelope which is of interest the centre-freguency
component needs to be removed. This can be accomplished using quadrature chan-
nels and hence a two-channel correlation process. The results from these two
channels are square and added together to form an output free of the centre
frequency component. If a base-banded signal is used in the correlation the

number of required channels is doubled. Let the number of samples used to con-

struct a base-banded replica of the transmitted slgnal be N1. The number of
operations required to generate one correlation function sample is (h.N1+2).

To generate a range velocity ambiguity diagram, both range and velocity need to
be scanned, this can be done by a scheme of compensation. Range compensation
and hence scanning can be accomplished by sliding the echo time window along
the time axis. Yelocity compensation amounts to applying an appropriate
Doppler distortion. If there are to be M range cells and P velocity cells,
then this process requires M1 operations to generate the required plot, where

M1 is given by
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M1 = 2.P.M.(2.NI+1) 161
Here an operation is of the form A=B.C+D where all the operands are real.
Consider working in the freqguency-domain. Using baseband signals the data
points are fed inte the Fourier transform as complex numbers. The process

generates [N-N1) cross spectral coefficients. Thus to generate an M range-cell
against P velocity-ceil plot, the number of operations required is

My = 2.P.M.{(FT) +3.0}/(N=N,) (7

where [FT)m 1s the number of operations required to perform a Fourier transform.

" 1f the length of Fourler transform is N and the radix-2 fast Fourier transform
(FFT) is used then the number of operations required to realise each Fourier
transform is given by

(FT)_ = 2.N.log, (M) (8)

Thus the total number of operations required to generate the range against vel-
ocity plot in the frequency-domain is

M, = P.M.N.{6+4.1052{N)}/tN-N1} (9)
Note that the FFT is not necessarily the best algorithm for this purpose but is
used here to demonstrate the principle. It has also been assumed that samples

of the replica spectra are available.

If we calculate the ratlo of the number of required operations in the time-

domain to the number required in the frequency-domain then the result (MR. -

Multiplications Ratio) will given an indication of the relative levels of pro-

cessing overheads. The accuracy of this indicator is dependent upon the hard-

ware used to impliment the calculation scheme. From equations (6) and (9)
(2.N1+1].(N—N11

MR. = N.]3+2.1032(N)] (o)

From equatien {10} if N1=200 then values of N above 221 result in a more favour=-
able processing overhead if working in the frequency—dohain.
YELOCITY SCANNING

To generate an ambiguity diagram, the value of the correlation function needs
Lo be evaluated for all range and velocity cells within the dliagram. That is,
if there are M range cells and P velocity cells, then the correlation function,
clr,v) needs to be evaluated for r=1 to M and for v=1 to P. Velocity scanning
can be accomplished by using multiple replicas, each with a different Doppler
distorticn. This is computationally burdenscme because of the replication of

storage and the number of data transfers required. A more- efficient scheme of
velocity scanning could be implemented by taking a single replica and producing
from this the necessary Doppler shifted replicas. A scheme has already been

employed [3] when considering velocity scanning in the tlme-domain.- The recip-
rocal nature of the Doppler effect in the time and frequency-domains predicts
a similar scheme in the frequency-domain.

NON-UNIFORM SHIFT REGISTER

A non-uniform shift-register (NUSR) structure can be used to perform velocity
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scanning. The design reguirement of the structure is that given one set of
samples of any replica signal, a simple repetitive action will generate incre-
mental Doppler-shifted versions without the need for multiple replica storage.
If this repetitive action is assumed to be a serial data shift, the scheme out-
lined would require P serial data shifts to generate P different Doppler distor-
ted versions of the replica signal. Hence velocity scanning is performed.

Conslder the Doppler effect in the time-domain. If samples of a signal are
considered, Doppler compression can be produced by changing the sampling rate.
Let a signal of duration T be sampled at a rate s. The number of samples re-
guired to store this signal 1s sT. If the sample rate is changed to as, the
signal of duraticn T would requlre asT samples. If this second set of samples
is Iinterpreted as if the sample rate was still s, the apparent signal duration
would be aT. This effect is the same as that generated by a Doppler compres-
sion.

ir a4 is the Doppler compression factor associated with a relative radial
velocity Vqr the following approximation can be used

ay = sd 1ty
where d is the velocity cell number, and integer, and g is a constant. The

value of g is dictated by the maximum target speed and the number of velocity
cells. The significance of the approximation of ad by equation (11}, is that

1
to increment the Doppler shift applied to a signal, the sample rate 1s multi- |
plied by g. This action becomes very simple if a geometric structure iz used J
as illustrated in Fig.1. Let the input inter-sample separaticns follow the .
geometric series
|
|

K, k.8, k.22, k.g°, k.g") k.g’ 112

see Fig.2. Here k is a constant. The output inter-sample separations then
follow the same geometric serles. Next, shift the data within the register in
the direction indicated. The output inter-sample separations then follow the
geometric series

k.g, k.gz, k.g3, k.g“, k.ss ' (13)
A3 can be seen by comparing the sequences in (12) and (13) the inter-sample
separations have been multiplied by g as a result of a single shift of the data.
If d shifts are used, the inter-sample separations are multiplled by g as re-

quired for the dth velocity cell.

As described the register is uniform. Non-uniformity is introduced by only
using specific output taps. The location of these taps 1s described by a map-
ping which is inverse to the input inter-sample separations. The used output
tap numbers are given by 1 where

1-n, = (1032[1+[n3-h1.[1—g]{g)}/logeg (14)
The terms n2 and n3 are the total numbers of taps used at the input and output
respectively (see Fig.3), where h is the output sample number which goes from

1 to n3 in unit steps. The non-uniform sample positions of the input data are

required to enable a serial data shift to create the appropriate data compres-
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sion factor. The inverse non-uniformity, as depicted in equation {14) is re-
quired so that the resulting segquence appears as a set of unifermly positloned
samples of the compressed replica. Fig.J shows a block diagram of a system
which talkes as its input n uniformly spaced samples with separation L. The

matched reciprocal register, MRR, distorts these sample positions by tap selec-
tion to produce the required inter-sample positions as given by the sequence

{12). The equation relating the MRR output sample numbers, j, to i, the NUSR
inputs, is

j=1
(=) (g1} = . (g7 =1} . : {15)

The final ny output samples are uniformly spaced z, apart with the value of z

d d
set by d serial shifts in the NUSR. Such a system has the potential of being
able to produce Doppler-shifted spectra which act as multiple replicas for any
¢hosen signal whose samples are inputted into the NWUSR.

RESULTS OF SIMULATION

The system discussed was simulated in Fortran on a Honeywell Multics computer,
The presentation of results takes the form of a three-dimensional projection.
The sighal processing scheme is independent of the type of signal used and for
purposes of simulation a number of different typical signal types have been in-
vestigated. Typical system outputs are shown in Fig.4 and Fig.5.

REFERENCES3
[1] A.W. Rihaczel, "Principles of high resoluticn radar", McGraw-Hill.

[2] D.0. Worth, "An analysis of the factors which determine signal/noise
: discrimination 1n pulsed-carrier systems", Proc.IEEE, Vol. 51, no.7,
1015-1027, June 1963,

[3] M.H. Yassaie, D.J. Creasey, "Doppler scanning correlator”, IEE. Conference
Digest 1985/47.

Proc.i.0.A. VoI8 Part3 (1986) 169



Proceedings of The Institute of Acoustics

WITHIN-PULSE DOPPLER SCANNMING USING FREQUENCY-DOMAIN PROCESSING

Shift Direction

Input tap numbers T Output cap numbars

> ——=l
k
2— = A—
N kg |
}——>> —
2
a&__:fi_%;, S
kg3

V,

5

4

kg
6;..5__%;; —
kgs

7 — —
k36
e R
kg7
9-———-—{5’ —

kgg n

Rg——> 1

Fig.l WUSR Structure

HUSR Input Sampling Scheme

+—t ¥ 7=t t >
o k. k+g) k4 k(l'*g+gz+g]} 1;(1+g+gz'+g3+g"),
(time or freq)
Fig.2 Sampling Positions

170 Proc.l.O.A. Vol8 Part3 (1986)




Proceedings of The Institute of Acoustics

ST T AT

WITHIN-PULSE DOFPLER SCANMING USING FREQUENCY-COMAIN PROCEZSING

Direction of Parailel Data Tx

Serial | Shi

f

e

ft

e e A

MRR

Proc..O.A. VoI8 Part3 (1986)

i
!

e e e

_ lstarel— " suirr

h

\ YO -
\ e
Y N
\ : e
Fos T R e
_‘.\\\\“? STATIC :i
:::::::T“‘ﬁ- e
h;ﬁﬁﬁhﬁ‘:::j:: ———

NUSR

Fig.3 Arrangement of MRR and NUSR

7




Proceedings of The Institute of Acoustics

WITHIN-PULSE DOPPLER SCANNING USING FREQUENCY-DOMAIN PRCCESSING

TRANSMITTED SIGNAL TARGET POSITION
Linear "UP" Chirp Range  Velocity
Bandwidth time product 16 25.00 0.00
Pules length {ms) 11 35.00 -50.00
Bandwidth (Hz) 1440

Chirp centre frequency (Hz) 11520
Number of samples in Echa 512

1.8
0.8
0.8
0.4
0.2
£0.0
5.

2.0 Range

Velocity
Z AXIS =10
Y AXIS =10 X AXIS =10
Fig (4)
TRANSMITTED SIGNAL TARGET POSITICN
Linear "UP — VEE" Chirp Range  Velocity
Bandwidth time product 16 2500 -l0.00
Pules length {ms) 1 3500 =-50.00
Bandwidth (Hz) 1440

Chirp centre frequency (Hz) 11520
Number of samples in Eche 512

1.0 1.0
0.8 0.8
0.8 0.6
0.4 0.4
0.2 0.2
%27 S
Velocity ~0+! <0 Range
Z AXIS =10
Y AXIS =10 X AXIS =10
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A WIDE BAND CONSTANT BEAM WIDTH ECHO SOUNDER FOR FISH ABUNDANCE
ESTIMATION

E. J. Simmonds and P, J. Copland
Marine Laboratory, Victoria Road, Torry, Aberdeen

INTROCDUCTION

To estimate the abundance of pelagic fish acoustically Echo Intepration can provide a
measure of biomass, or the number of fish. This methed assumes that the average fish
backscattering strength or target strength (TS) is predictable., Present procedures require
that the TS does not depend significantly upon fish behaviour, and that echoes from species
of interest can be easily distinguished from those of less importance. The identification is
usually done either by visual inspection of echo traces or by partition of the echo
integrator data in proportion to the composition of trawl catches. The target strength is
usually assumed to be constant, or perhaps dependent on fish length but independent of fish
behaviour. Unfortunately, this is probably too simple a model. Fish are known to have
highly variable back scattering strengths which depend upen tilt angle [1, 2). Moreover the
size of the gas-filled swimbladder will change with the depth of the fish [3, 4]. At normal
survey echo sounder frequencies the acoustic wavelength is generally of the same order as
some of the dimensions of the fish, It is therefore expected that there will be some
frequency dependance in back scattering strength resulting from both changes in tilt angle
and swimbladder size.

By increasing the system bandwidth it might be possible to use frequency response
information to help identify species or swimbladder size, or to smooth out differences in
back scattering strength due to [ish orientation changes. A wide band echo sounder has -
been produced to investigate these possibilities.

The main feature of a wide band system is that the transducer beam shape both on
transmission and reception should remain relatively constant and independent of frequency,
thus ensuring that the sample volume is not frequency dependent, In addition there is a
need to keep the sample volume size similar to that used in present surveys so that data
collected from such a system can be used directly with our present knowledge of fish
reflectivity., Thus a wide band system opperating around about the most commonly used
frequency of 38 khz is desirable. Several approaches have been suggested and tried over
the years using nonlinear acoustics for transmission and or reception and tw:sted arrays for
reception [5, 6] .

The technique chosen [7] uses a partial sphere transducer which provides constant beam
width transmission and reception in a single unit, The transducer is constructed from
elements arranged in concentric rings on the surface of a partial sphere. These rings are
amplitude shaded on transmission and reception to form the required beam shape. The
system has been designed with a multifrequency transmitter and multichannel variable gain
receiver. The equipment is described in this paper along with the results from an initial
series of experiments on acclimatised and preacclimatised cod, and on herring.

EQUIPMENT

Wide Band Echo Sounder

The transducer (Figure 1) is constructed from 217 elements arranged in eight concentric
rings surrounding a central element, on the surface of « partial sphere. The individual
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transducer clements are of & pre-stressed sandwich resonator type with 20 mm diameter
aluminum head and 10 mm steel tail mass, The case is machined from a solid cast block of
nylatron GSM. The active face of the transducer subtends an angle of 28.3° and has a
radius of curvature of 86cm, giving a nominal beam width of 10.5°. The casing is left
proud at the edges to protect the face, and an underwater housing containing transmit and
receive shading components is situated on the back of the transducer, The constant beam
width is formed using frequency independent amplitude shading on both transmit and
teceive. This shading functions for transmit and receive are the same. They are shown in
figure 2. On transmit, the voltage shading is produced from an autotransformer with nine
taps, one for each ring of the transducer. On receive the same shading function, which
depends upon the number of elements and is therefore different from ring to ring, is
implemented using a single low noise operational amplifier per ring with a summing point
amplifer to form the beam. Both the receive and transmit shading components are
contained in the housing on the back of the transducer, along with mercury loaded reed
relays which are used for transmit-receive switching. The transducer thus has a single
transmit drive, and a single receive line along with transmit-receive switching and receiver
power supplies.

Figure 1 Transducer
with 217 elements ~
arranged on a
partial sphere

The transmitter consists of a modulator providing i, 1, 2, 4 and 8 millisecond pulses, For
the present experiments a 1 ms pulse was used and, 32 digitally selected frequencies from
27 to 54kHz. The power stage is a lkw mos-fet amplifier which operates up to 100kHz.
The system is shown in Figure 2.

The receiver has a low noise operational amplifier stage for each ring housed in the back of
the transducer and a summing point amplifier to provide the beam forming. This stage has
a wide band filter and a 50chm line driver to match the cable. The signal is then connected
to eight frequency channels each with a five resonator filter piving 3.3kHz bandwidth
between 3dB points, followed by two gain stages with computer control of gain to match
the differences in transducer sensitivity with frequency. Each frequency channel has a
separate detector, and the outputs are multiplexed and sampled at 100kHz with 12 bit
binary precision giving a 12.5kHz sample rate per channel (80ys interval).
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Experimental Rig

Measurements of the transducer beam shape and the spectoral response of fish were
carried out at Marine Laboratorys, Loch Duich field station which is on the wast coast of
Scotland, Fish were placed in a cage 2m diameter and 1,5m deep (Figure 3}. The cage was
placed between two aluminium frames supporting stereo 35mm still cameras and low light
TV cameras below the cage [B). The complete rig was suspended from a raft, the
transducer at 15m below the surface in a motorised gimbal table [9] with a 38,1 mm
diameter tungsten carbide reference target positioned 10m further down. The cage support
frame was 12m from the transducer which placed the fish at a range of 14m from the
transducer. This arrangement allowed the ball to be used as a reference target, with
' transducer position adjusted for maximum echo strength and the fish located in the region
‘of the centre of the beam. Photographs were taken throughout the experiments to provide
a measure of the fish distribution and behaviour within the cage. Acoustic data were
collected using the 32 transmit frequencies sequentially with a 300msec repetition rate.
Results were collected into 1 hour blocks. The beam patterns were measured by removing
the cage and camera frames and recording the echo from the reference target only. The
transducer was steered through a range of angular locations using the motorised gimbal
table. The method of obtaining the equivalent beam angle is described in f10].

RESULTS

Beam Angle Measurements

The measured beam angles are shown in Figure 4a. This has been replotted showing
deviation from the theocretically predicted sample volume in 4b, and for the section of the
beam which passes through the experimental fish cage (Fipure 4)c.
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Figure 3 Experimental rig
{not to scale]
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Four experiments were carried out, two with cod and two with herring. The number of fish
and size ranges are shown in Table 1. For all experiments the fish were removed from a
surface holding pen and placed in the experimental cage, lowered to a depth of 29 m and
left for several days, During this period stereo photographs were taken every % hour and
acoustic data collected in 6 minute blocks of 40 transmissions per f{requency, over 32 fixed
frequencies placed linearly between 27 and 54 kHz. The acoustic data were averaged over
1 hour periods before further analysis. Herring, once lowered to depth produce relatively
consistant results over several days. These experiments ran for 3 days. The first hour of
data was ignored. In the case of cod, the fish slowly adapted to the higher pressure and

Fish Frequency Response Measurements
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produced stable results after 3 days. Clear differences occurred in the acoustic
reflectivity between day and night. The data from the cod experiments were divided
between four time categories: " day”, from 0500 hours to 2100; "night", 2100 te 0500;
"preacclimatised”, less than 48 hours at experimental depth; and "acclimatised", more than
72 hours at experimental depth, the intervening 24 hour period was neglected. These
criteria were selected purely on the basis of acoustic data, in particular the results of
earlier single frequency work [11].

Figure 4 Equivalent Beam Angle
a
a} dB rel 1-steradian
b} 4B rel theoretical model
¢} within fish cage
dB rel 1 steradian

( 2d8 ///\\\

-108 ‘ \

-20d8 :
27kHz - SaKHE

The performance of the acoustic system was monitored by a tungsten carbide reference
target 10 m from the transducer. The calculated frequency response of the reference
target is shown in Figure 5. This was taken into account when analysing the fish data. In
addition the beam shape showed some change with frequency (Figure 4¢). The correction
for this is also included in the data analysis.

Figure 5 Calculated Frequency 3948
Response (dB) for 38.1 mm
diameter Tungsten Carbide
Sphere

-4308
ThHz S4kHz
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In the case of both cod and herring, no statistically significant differences were found
between experiments. The acoustic data from all expeirments with the same species were
combined.

_ During the experiments stereo pair photographs were taken once every half hour on two
35mm Benthos cameras. The data from experiments with cod were analysed and some of
the results have been included here for comparison with the acoustic data. The stereo
photographs provided data on the spacial distribution of fish within the cage, and fish
orientation. These parameters were obtained for the same four time categories mentioned
above.

=-27dB
Figure 6 Frequency response of acclimatised ia:s«”’
cod at $5% confidence levels for =~ ‘
cases {dB//m? steradian kg™1) . _

night

day

pre-acclimatised

-37dB
1dB

Figure 7 Relative frequency o
response {dB} for acclimatised acclimatised
and pre-asslimatised cod e
’—\.__\_/\7

—1d8 pre—acclimatised

1d8

Figure 8 Relative frequency night ‘
response {dB) for cod at 27kHz W
night and during the day

\day S4kHZ

e

1B,

=

A e
2TRHZ Ww‘v

-1dB

Figure 9 Relative frequency
response (dB) for herring

Figure 6a shows the acoustic backscattering strength per kilogram for cod with mean
weight of 204g and mean length 27.0cm, This figure illustrates the absolute differences in
backscattering strength between the four categories. Dilferences between mean values
day and night are 2.0dB and 0.5dB for acclimatised and preacclimatised states respectively,
and 5dB between the acclimatised and preacclimatised states. In addition there are other
differences with frequency. Figures 7 and 8 show plots of relative frequency response for,
day and night data, and separately for acclimatised and preacclimatised fish. These show
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no significant spectral difference between day and night, but there are statistically
significant differences between acclimatised and preacclimatised fish, Figure 9 shows the
relative response for herring, again showing significant differences from both acclimatised
and preacclimatised cod.

Figure 10 Horizontal distribution of cod within cage for 4 separate periods

Some results from the photographic data collected during experitnents with cod are shown
in Table 2 the mean tilt angle and mean interquartile range for the four categories these
results are similar to those found before [12]. Figure 9 shows the horizontal distribution
within the cages. The octagonal fish cage is located centrally in each plot of Figure 9,
with four sides parallel to the edges of the plot. There are also differences in vertical
distribution within the cage. However, this is compensated for directly by a digital TVG
function.

Table 1 ‘ Table 2
_ _ Tilt angles of cod
Experiment Lcm Wg Number Mean Interquartile
Range

1 Cod 26.8 200 35 Preacclimatised Day + 59 54

2 Cod 27.2 208 36 Night +4° 44¢

1 Herring 27.4 172 66 Acclimatised  Day  -11¢ 64°

2 Herring  26.5 177 46 Night -8°¢  59¢

DISCUSSION

The acoustic results are significantly different between the four time categories of cod and
for herring. Of particular interest is the clear change of slope between target strength
functions for herring and for cod irrespective of acclimatisation state. If this can be shown
to occur in free swimming fish, there are important implications for the separation of
herring and gadoid species in the wild. For cod, two aspects of fish behavicur have been
monitored which might explain some of the differences. A third physiological effect, that
of ‘the swim-bladder volume has not been investigated. However, it is assumed that the
initial quadrupling of pressure would produce compression, followed in the case of cod by a
slow secretion of pas to return the fish to neutral buoyancy, which it is expected would
explain the 2 to 3 days of lower acoustic results. In the case of herring, no gas secretion
takes place. The changes in radial distribution shown in Figure 9 show differences between
night vs day and acclimatised wvs preacclimatised states. The extremes are from
acclimatised day periods when the fish are more concentrated in the centre of the cage,
and preacclimatised night when the fish are most widely distributed, These small changes
in distribution could give rise to some changes in absolute target strength and some smaller
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changes in relative frequency response magnitude of such effects is uncertain, but it is
expected that changes due to both factors would be to less than 0.5dB. Thus there are
signilicant changes of greater than 4,5dB in absolute backscattering strength, and 1.5dB in
the relative frequency response hetween acclimatised and preacclimatised fish. 1t is
suggested that these amplitude effects are due to a combination of changes in both tilt
angle and swimbladder volume, and that the changes in frequency response are primarily
caused by changes in swimbladder volume.

CONCLUSIONS

The wide band system has considerable potential for the measurement of fish stocks. The
system operates over an octave of frequency from 27 to 54kHz. The results from
measurements on caged cod and herring indicate differences in frequency response which
appear to be linked to swim-bladder volume, fish behaviour or both. Further woark is
required to determine the exact causes of such effects. However, the differences batween '
cod and herring are important and may have useful applications |
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