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Performance Characteristics of a Broadband Dual-beam Echo Sounder
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The performance characteristics of a broadband dual-beam echo sounder operating over the frequency range of 110-
200 kHz were investigated. The system sensitivities of the broadband dual-beam echo sounder were estimated for
the narrow- and wide-beam channels using a 22 mm tungsten carbide sphere (WC22). Echo signals from the WC22
sphere generated by a chirp pulse transmitted from the narrow-beam transducer were simultaneously received by the
narrow- and wide-beam channels. The frequency-dependent beam-pattern factor was removed from the narrow-beam
output using the estimated system sensitivities of the two channels. The validity of the broadband dual-beam echo
sounder was evaluated using a 38 mm tungsten carbide sphere (WC38), and difference between the simulated (-39.33
dB) and measured (-40.19 dB) TS values of the WC38 sphere was 0.86 dB. These results, indicate that the chirp data
acquisition and processing system developed in this study provides sufficiently reliable target strength estimation ac-
curacy when used as a broadband dual-beam echo sounder system, compared with that of a conventional split-beam
echosounder.
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Fig. 1. Schematic diagram of wide- and narrow-beam patterns for
a broadband dual-beam echo sounder that is transmitting linear
frequency-modulated (LFM) signals spanning the frequency range
110-200 kHz in order to obtain the information for species-specif-
ic and frequency-dependent target strength on resolved fish targets
within the sound beam.
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Fig. 2. Schematic diagram of the broadband dual-beam echo sounder developed in this study. The system consist of an FPGA (field-
programmable gate array) module, a transmitter module, two receiver modules and an chirp signal generator implemented on a PC. The
transmitter module composed of power amplifier, transformer and a narrow-beam transducer. The receiver module composed of two channel
TVG (time varied gain) amplifier modules and a pairs of narrow and wide-beam transducers. The communication with FPGA hardware is
managed by a USB-based protocol and associated USB interface (Lee, 2018).
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Fig. 3. Measured transmitting voltage response, receiving voltage response (a) and directivity patterns (b) as a function of frequency for
narrow-beam transducer (Airmar Technology Coperation, 2015a) used in a broadband dual-beam echo sounder.
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Fig. 4. Measured transmitting voltage response and beam patterns as a function of frequency for wide-beam transducer (Airmar Technology

Coperation, 2015b) used in a chirp dual-beam echo sounder.
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Fig. 5. Time response (upper) and frequency response images (lower) for the echo signals measured from a 22 mm tungsten carbide sphere
as a function of rotation angle for the wide- (a) and narrow-beam channels (b) of the broadband dual-beam transducers. To quantitatively
compare the sensitivity difference between wide and narrow-beam channels, the frequency-dependent echo response for the wide-beam
channel was normalized relatively to the maximum echo amplitude on the beam axis for the narrow-beam channel.
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a, Time-frequency response characteristic; b, Frequency spectrum.
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responding to the null position for the theoretical target strength of
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Fig. 8. Echo response characteristics for the wide-beam channel
of the chirp dual-beam echo sounder. The power spectrum curve
of the frequency-dependent echo signal measured from a 22 mm
tungsten carbide sphere for the wide-beam channel was com-
pared with the theoretical frequency-dependent curve of the target
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Fig. 11. The echo signal measured from a 38 mm tungsten carbide
sphere located on the sound beam axis for the wide-beam channel.
a, Time-frequency response characteristic; b, Frequency spectrum.
A deep null in the frequency spectrum occurs at the frequency cor-
responding to the null position for the theoretical target strength of
a 38 mm tungsten carbide sphere.
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Fig. 12. The echo signal measured from a 38 mm tungsten car-
bide sphere located on the sound beam axis for the narrow-beam
channel. a, Time-frequency response characteristic; b, Frequency
spectrum. A deep null in the frequency spectrum occurs at the fre-
quency corresponding to the null position for the theoretical target
strength of a 38 mm tungsten carbide sphere.
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