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Abstract

The echo strength of fish is very important not only in estimating fish abundance, but also in designing
and constructing of sonar instrument. For this purpose, we used an underwater acoustic instrument
with operating frequency of 200 kHz to detect and measure the echo strength of fish.

Results showed the echo strength of fish depends on the orientation of fish to transducer. The echo
strength of sand bottom is higher (8 dB) than fish target strength.
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1 Introduction

Underwater acoustic research of fishery and seabed resources using scientific sonar system
are used worldwide. To obtain the fish distribution density or volume backscattering
strength (SV), it is important to quantify the target strength (TS) of fish.

However, the acoustic research has several problems. There is no definitive method for fish
and sea bottom classification. Besides, the difficulties arise in quantifying TS to SV. These
problem must be solved to improve the reliability of the underwater acoustic research.

Some work on comparison of different systems and frequencies has been already done:
Rudstam, et al [1] compared the performance of single and split beam acoustic
instruments. However up to now no systematic work on comparison of acquisition and
analysis parameter settings within a single system have been performed. In situ target
strength (TS) is the optimal quantity to scale echo integration values to fish density [2], so
the precise knowledge of TS distributions is the primary importance for the proper fish
biomass estimation. The relationships between target strength and fish size are not well
enough known to permit accurate sizing and reliable identification to be done as routine
work at sea. The aim of this paper was to simultaneously quantification of fish and seabed
using quantified acoustic instrument.

2 Methodology

2.1 Data Acquisition

Underwater acoustic transmitting and receiving systems were constructed (Figure 1). In the
transmitting system, the signal from a signal generator was amplified by a power amplifier
and the signal was sent to the transducer. In the receiving system, the reflected and
backscattered wave were sent by the receive transducer. The output sighals were observed,
measured, and transformed into digital data by Digital Signal Processing (DSP), and the
acoustic data were transferred to a personal computer via a developed interface.
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The transmit and receive transducers were designed as a monostatic system. The operating
frequency was 200 kHz with the beam width of the transducer is 8°. The acoustic
instrument was calibrated with standard copper sphere and by the manufacturer [3].
Standard target calibration of both frequencies showed no change from the manufacturer
calibration.

Field acoustic data were collected in around Seribu Island, Indonesia. GPS was used for the
positioning of the acoustic transect, bottom and fish sampling. Data were stored in a
computer and later processed by the Matlab software.
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Figure 1 Designing Underwater Acoustic Instrument

2.2 Data Processing

Underwater acoustic data were processed and analyzed using MATLAB software. This
program uses the sonar equations algorithm to quantify a target strength distribution from
the measured distribution of peak voltage response from single fish and seabed echoes.
Single fish echoes are defined as echoes with lengths less than twice the pulse length. Fish
densities were obtained by comparing the voltage response from a known density of single
fish targets with the voltage response from all targets that do not satisfy the criteria for
single fish and therefore are defined as multiple targets such as seabed. All analysis is
performed using data collected with 40 log R TVG for single target and 20 log R TVG for
multiple target, where R is the range between transducer face to the target and TVG is Time
Varied Gain. TVG was designed to compensate the acoustic wave propagation losses in sea
water [3].

2.3 Data Analysis
The echo strength or target strength (TS) of fish or sea bottom is defined as
TS (dB) = 10 log(Ir / 1i) (1)

where Iris reflected intensity from the target, liis incident intensity to the target.

The developed algorithm for echo strength (ES) measurement as follows :
ES (dB) = 10 log (EA / DN) (2)

where EA is echo amplitude and DN is 8 bit digital number ranges from O to 255.
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3 Results and Discussion

3.1 Underwater Acoustic Calibration

Calibration is fundamental work for underwater acoustic instrument. The sphere was set at
the beam axis position and in far field range. From the measurement, the sphere was
detected at 1.4 m below the transducer. The target strength of sphere is -12.0 dB.

Depth (m)
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Time (s)

Figure 2 Sphere calibration detectedat 1.4 m

3.2 Target Strength distributions

Target strength distribution obtained with the developed method using acoustic transmitting
and receiving analysis. Average target strengths (TS) calculated with acoustic method on
backscattering cross section unit. All averaging were done in the linear domain and back
transformed to dB units. Figure 3 shows the Target Strength varies on fish orientation. The
highest target strength is near 0°. This is caused in this position (0°) the response of
acoustic energy is maximum to reflect the acoustic energy from the fish. This result is
suitable to the maximum response axis of the transducer [4][5].
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Figure 3 Target strength against fish orie ntation

The depth of seabed was measured around 10 to 16 meter. Figure 3 shows the acoustic

reflection from seabed. The echo strength of seabed (or bottom backscattering strength) is
around -8.0 dB shown in color bar scale.
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Figure 4 Underwaterimages by acoustic system

Medwin and Clay [3] presented their result that sand bottom with echo strength was around
-12.6 t0 -13.0 dB. The echo strength of fish was around -22.5 to -20.5 dB (Fig. 4). This result
is agreed with the result of the previous measurements using sonar [5][6]. Figure 5 shows
the echo strength of sand bottom varies on time ranges between -12.5 to0 -13.0 dB. This is
relevant to the previous study the echo strength of sand bottom is around -12.7 dB using
200 kHz frequency of echo sounder [3].
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Figure 6 The echo strength of sand bottom

4 Conclusion

We conclude our study as follows :

1. Underwater acoustic technology is a reliable tool to quantify and identify sonar target
such as fish, plankton and sea bottom.

2. The echo strength of sand bottom is higher than fish echo.

The following topics are suggested for future work :
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3. A research aimed at improving the signal to noise ratio to gain better quantitative
information.

4. A research of echo strength spectra for underwater target identification and
quantification.
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