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1. INTRODUCTION

In existing acoustic systems for fish stock assessment and management, like echo-
sounders and echo-integrators, single frequency or narrow bandwidth signals are
used. The only information given by such systems is related to the energy reflected
by the fish and no indication about the species concerned can be obtained. It is
therefore necessary to speculate, on the basis of the fish behavior and habits, or use
some extra-equipment, such as an underwater camera or sampling nets, to obtain
the required information about the species involved.

Because of the frequency dependance of the sound reflectivity of a given target, a
broad-band echo can theoretically carry a signature of the ensonifie target, givinﬁ
information about its shape and structure, and it is well know that many animals suc
as bats or dolphins use a natural broad-band sonar with very great efficiency, for
ranging and identification (1). The major obstacle to the development of broad band
systems lies in the difficulty of constructing a suitable transducer which must be
unidirectional, without secondary lobes, and have a high power capability in
transmission to grive a satisfactory signal to noise ratio in the appropriate overall
frequency band. Technically, these needs are difficult to satisfy for a reasonably low
cost and, until now, existing broad band sonar systems have been mainly
experimental (2, 3).

For ichthyological applications, broad-band sonar systems can thus help in species
identification, but they can also improve the target strength measurements by
smoothing out the frequency variations due to fish orientation changes (4, 5). For
these reasons we believe that, in spite of the practical difficulties mentioned, the
broad band sonars offer good potential for development in the near future.

2. MATERIALS AND METHODS

2.1 Description of the system

The experimental system described here provides, in a rather simple structure, (see
Fig. 1A), the major requirements for a broad-band sonar.

The signal generation and echo-acquisition processes are controlled by a PC.

A range of signals of up to 8 k-samples each can be used. They are stored in the
read-only memory of a programmable (I3E-488) arbitrary waveform generator (W 75)
and played back at each transmission. After power amplification (FAB0Q) they are
applied to the transducer for acoustic emission. The transducer works in a monostatic
fashion ie. as emitter and receiver in turn. The reflected signal is then amplified by a
low noise vo!tage amplifier (Deg.), applied to a digital oscilloscope (2430A), sampled
and transferred to the storage memory of the P.C. The transducer is of great
importance for the overall performances of the system. This system uses a constant
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beamwidth transducer (CBT), similar to that described by A.L. van Buren et al. (6),
constructed by Actran Systems Inc. It consists of an array of 849 piezo-electric
elements, (zirconate-titanate), each being 8.05 mm in diameter and 6.23 mm in
thickness, which are encrusted in a spherical aluminium cap of 30 cm diameter and
34.9 cm radius of curvature, forming 16 concentric circular bands.

An array of capacitors is used to produce a shading function (close to a Legendre P5
function) giving a reciprocal nearly constant directivity of 22°, in the whole frequency
band from 20 kHz to 140 kHz. The maximum pressure level obtained with this system
is 192 dB/uPa.

24304

We have used this system to record echografic signatures of various individuals of &

species of freshwater fish placed in a controlled environment. The experimental

Leatures. the analytical methods used for discrimination and the results are described
elow.

2.2 Experimental set-up and materials
45 individuals of the 6 following species : Pike Esox lucius (Br.&, Carp Cyprinus carpio
(a distinction has been made, between a carp with scales (Ce) and without scales

(Ca)), Arctic charr Salvelinus alpinus (On_p. Perch Perca fluviatilis (Pe), Tench Tinca
h

tinca (Ta) and Trout Salmo trutta (Tr). The number of individuals of each species
tested, their length and mass and the number of echos used in discrimination are
given below.

Species Br Ca Ce Om Pe Ta Tr

Nb. of
Indiv. 10

Length
(cm; 40-60 39.5-42 25-50 35-45 29-37 38-49 31.4-481

Weight
(gr) 370-1461| 1200-1430 800-2075{ 450-1025 | 398-930 | 833-2010 356-1596

Nb. of
acquis. 90 80 59 76 90 189 250
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The tested animal was anaesthetised with phenoxyethanol just before the
experiment, then placed 1.5 m below the transducer and maintained herizontally in
the emission axis with 2 thin nylon threads, which could be manipulated from the
surface. The horizontality of the animal was verified visually through the portholes of
the 1ank. An aluminium bar, 30 cm long, attached in the same way to the fish {(around
the tail and behind the operculas) by two 1.5 m long identical threads, was used as
stabilizing ballast. .

The waveform used in these experiments and his spectrum are represented in Fig.
1B and C. 1t is a constant amplitude, linearly frequency modulated (between 20 and
140 kHz} in 0.8 ms. signal. A transmission rate of 2 s. was chosen to ensure
complele attenuation of multi-reflected echos. This way, only the first dorsaly
reflected echos from the tested animal were considered. The acquisition of the echos
was carried out during the period of anaesthesia before the animal recovered and at
least 50 measurements were made with each animal. In this study, we have used
only the echo sets corresponding to motionless sleeping. Also, because of
electromagnetic interference noise at the receiver, the receiving bandwidth has been
restricted {0 between 60 kHz and 140 kHz, by a high pass filter (multimetric-AF-120).

3. RESULTS

3.1 Indlvidual echographic responses
From each echo the individual spectral responses - IS(fk) versus discrete frequency
fy were calculated according 1o the following formula : :

Ind 151
IS(f) =10
where : Ind(fk) = Lr(fy) - Le(fy) - Sv{k) - Shify} - G - K + 40 logr + 2 r.a(fy)

Le : spectral density value of the fransmitted signal
Lr{fy) : spectral density value of the received signal
Svd‘ ) : transmitting response of the CBT
Sh(lﬁ) : receiving respanse of the CBT

G : amplification of the received signal

K : attenuation of the emitted signal

a(h) : absorption coefficient

r : transducer to target range
The frequency resolution obtained in the calcutation of the spectra (FFT) was 512.8
Hz, so that in the 60-140 kHz bandwidth sach spectrum is represented by 156
discreet values of fi.. An example of the echo and corresponding IS (fi) obtained for
aach of the € species examined is given in Plate 1.

3.2 Intraspecific responses

To remove the effects of size {length and mass) and behavior (respiration, tail
beating}, we have considered the normalized individual spectral responses NIS(fy) :
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IS(fy)

Then the mean normalized individual spectral response MNIS éfk) as weli as the
associated individual variability response V(fi) were calculated according to the
following formulae :

n

1

MNIS(f = - ])=:1NISi(fk)
_ 9

Vil = st

where ;
1sk<156
n :is the number of individual echos taken into account
fm : the value of i, when ISj(fi} is maximum

and  olfy) : the standard deviation for the n ISj{fy) plots.

These mean normalized individual spectral responses show that the differences
observed are much greater between the interspecific than between the intraspecilic
plots where some gross similarity exists.

On the olher hand, the rapid and large variations in 1V(f) related 1o the movements
of the animal show the high dependance of the responses on its angular orientations
within the transmitted sound beam (5,7,8). See examples for Esox lucius in Plate 2.

3.3 Mean specific responses

The interspecific frequency response differences are demonstrated by the mean
normalizecJJ specific spectra : MNSS(fi), obtained from the corresponding mean
specific spectra : MSS(f). See Plate 3. '

The calculations made are the following :

1
MSS(fk) = m--i-- Z%N[Sj(fk)
m J=1
" MSS(fig
MNSS{fi) = -~
= M8t
where :

m : is the number of individuals in the species concemed
im :is the value of fx where MSS{f) is maximum.

3.4 Spectral specific discrimination

Various statistical methods of classification and discrimination were applied {0 a set
of 834 normalized individual spectra NIS{f,), for specific discrimination.
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The results obtained, and given elsewhere (9), are summarized here.

3.4.1 Use of classification methods

The aggregationnal method gave no useful results, whatever criterion was used.
However, the "k means method”, where the intra-group variance is minimized by
successive repositionning of the individuals in the specific groups, gave rather
satisfactory results as shown by tha following table.

Spec. | Nb. sig. Br Elaassiﬁcati%ré rate (%)} om Pe Ta Te

Br 80 a3 18 33 16 0 0 0
Ca 80 9 50 8 18 ik 2 0
Ce 59 0 8 66 0 17 8 0
Om 76 22 0 0 22 0 38 16
Pe 90 0 0 0 0 50 29 21
Ta 189 14 5 7 5 8 45 19
Tr 250 0 0 0 o 17 21 60

The general classification rate here is 50 % whereas it would be only 14 % by a
random assigment,

3.4.2 Use of discrimination methods

Various discrimination methods were also used in the same set of 834 NIS(fy),
values such as : linear or least squares discrimination methods, with or without tha
smoothing of data by weighting (0.25, 0.50, 0.25) and resampling, or by step by step
selection of the variables. All tha direct results obtained are good, the classification
rate generally being > 90 %, bul cross validation reduces significantly that figure to
about 60 %.

It also appears clearly from the above described calculations, that the msthods used
can be improved by employing a more convenient variable to individual ratio {actually
156/45). It for exag"adple. only 16 variables are selected, step by step, the linear
diserimination meth ives 98 % of good classification of the considered individuals,
a results which is reduced to 66 % by a cross validation. In this case the best
discrimination frequencies are obtained for the following values of k : 1, 4, 17, 20, 21,
24, 28, 31, 32, 33, 35, 86, 120, 151, 152 and 155.

These results support and extend the similar work of A, Lebourges (10) using 15 fish
from 2 species {Morone fabrax and Salmo gairdnen).

3.4.3 Resulls obtained with a neural network

Neuronal methods were also applied to classify a set of 191 echos from the 6 species
concerned. First, significant parameters were extracled from each eg_ho by auto-
regressive modelling and wavelet decomposition. Then, Neuroclass™ software,

\ .
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which allows comparison beetwen classical and neural methods of classification was
?'ﬂplied to these preprocessed data. .

e classification was dong in two steps : the learning step, where tha classifiar was

configured for data recognition, and the generalisation step, where the preprocessed
data, not used in the cPrewious sieJ). were classified.
The results obtained by these different methods, with the preprocessed data, are
much better then those obtained previously, on the direct spactral responses, since
at least 90 % of correct classification was obtained, whatever the method used. But
the best results were given by the multilayer perceptron neural network, with 95,9 %
of correct overall classification as shown by the following classification table.

Spec. | Nb. sig. Classification rate
Br Ca Oom Pe Ta Tr
Br 18 930(2.1)  2,3(11.4) 2.2(x1.4) 1,0{£0-8) 1,00£0.6)  0,4{10.4)
Ca 13 0,0{20.0) 97.2(x2.0) 0,0(:0.0) 0,0(0.0)  0D(0.0)  2,8(x2.0)
om 13 0.6(0.6) 0,0{0.0) 98,0(1.1)  0.8(20.7) 0606  0,0{0.0)
Pa 13 0.0{10.0) 0.0{£0.0) 0.0{£0.0) 97.2(x1.%)  28@x1.1)  0.0{0.0)
Ta 18 1,4(10.8) 0,7{0.8) 3,4(x1.6) 1,2(0.7)  93,2(2.3) 0,0(0.0)
T 18 0.0(+0.0) 1,3(x0.8} 0.0(40.0)  00{£0.0)  04(20.4) 98.2(x0.8)

4, CONCLUSION

The interest of a broad band sonar system for fisheries acoustics and fish biomass
estimation lies principaly in :

- the potential of species identification

- the improvement of biomas estimation
We have developed an experimental system which presents in a rather simple
structure, the essential properties which required in a broad band sonar i.e.:

- transmitting and receiving angular patierns which are frequency

independant,

- no secondary lobes in the transmission diagram,

- great adaptability in the waveform generation and in the signal acquisition

and processing.
A large illustration of the individual, as well as the specific, spectral and temporal
responses for 45 animals belonging to 6 different fresh water species have been
-oblained. We have shown, using classical statistical methods applied 10 the only
energy spectrum distribution of the echos of dorsaly ensonified fish, thal it is possible
to classify 45 individuals into their 7 different species with an error of only 34 %. We
have then shown that the previous results might be highly improved it the
classification methods are applied to preprocessed data since this reduce the error to
10 %. Finally we have shown that the neural method of classification, compared 1o
cla%s!ical ones, seems to be the most appropriate 1o this particular classification

roblem.

?’hese resulls comming after others (11) are very encouragin?. The work will now be
exiended o in sity studies to obtain a data base as a reference pattern for the
species of interest,
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