St=A] 51(2), 178-186, 2018 Korean J Fish Aquat Sci 51(2),178-186,2018

of=2oll 2ot FLHY SIS o| AZH-Fhle 2MS #{st chirp HIOIE]

- X = o o
O|CHXH*
SANSE SHUYAAA AR T[S

Performance Characteristics of a Chirp Data Acquisition and Processing
System for the Time-frequency Analysis of Broadband Acoustic Scatter-
ing Signals from Fish Schools

Dae-Jae Lee*

Division of Marine Production System Management, Pukyong National University, Busan 48513, Korea

A chirp-echo data acquisition and processing system was developed for use as a simplified, PC-based chirp echo-
sounder with some data processing software modules. The design of the software and hardware system was im-
plemented via a field-programmable gate array (FPGA). Digital signal processing algorithms for driving a single-
channel chirp transmitter and dual-channel receivers with independent TVG (time varied gain) amplifier modules
were incorporated into the FPGA for better real-time performance. The chirp-echo data acquisition and processing
system consisted of a notebook PC, an FPGA board, and chirp sonar transmitter and receiver modules, which were
constructed using three chirp transducers operating over a frequency range of 35-210 kHz. The functionality of this
PC-based chirp echo-sounder was tested in various field experiments. The results of these experiments showed that
the developed PC-based chirp echo-sounder could be used in the acquisition, processing and analysis of broadband
acoustic echoes related to fish species identification.

Key words: Chirp data acquisition and processing system, Broadband acoustic echoes, Time-frequency analysis, Fish
species identification
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TVG (time varied gain) 527]2] A oAl &, chirp BAASE
Qo] 221 d MAFE7| BEdt 199 AYF5E7] 2E9
=953t 3, 1719] POMD O QlE|Ho| A= HA5H
7] BEo A AR = chirp echo A15.9] B9 Hlo[HE
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glo] 752 WA FPGA 252 F3f (1)4 22 4 2] %)s= chirp
echo Hlo|E =52 9|3t 4l chirp BAASTE LAYAIL] &,
o] 415 Fig. 19] chirp A1 LE0]| A A2 F-25}0] v|= Air-
mar A9 chirp 233171 (B256L, B265H, B75M) & #4271
A et o] S (Lee, 2017) Foll SH6k3AT
(DAoA £ chirp AT /d&0] AJ&F Fub=0] 3L, at+£+= <=

7+ F1k=(instantaneous frequency)©|T}. wahA], SAIH A
5.9 A|7HF02 MEHE-E chirp B2 E] A4 4|7 (T2} %
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Fig. 1. Schematic diagram of the chirp data acquisition system for measuring and analyzing the broadband acoustic echoes from fish schools.
The system consists of an FPGA (field-programmable gate array), two receiver modules composed of two channel TVG (time varied gain)
amplifiers and A/D converter modules, a chirp signal generator implemented on a PC, a transmitter module composed of power amplifier
and transformer, and three chirp transducers. The software modules for accomplishing the input/output, control and signal processing were
created specifically for this application. The communication with FPGA hardware is managed by a USB-based protocol and associated USB
interface. ADC, analog-to-digital converter; BPF, bandpass filter; DAC, digital-to-analog converter MOSFET, metal oxide semiconductor

field effect transistor.
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55 24 Aol= 2712 B7SM $5:0171 & 242 54183} 241
802 ApgslTt w3t 24| el 233 (Lee, 2017)
£ At i dof gt $418-0 2 Waiste] AMg-SISICh
Chirp echo A159| A|ZH-F10t 24

H A3Loj A= SPWVD (smoothed pseudo wigner-ville dis-
tribution) 7|2 E=QI5ko] o]t o 2 HE| AFEE]= chirp echo
A13.9] A7t Fubas B2 4238519 Th(Shui et al., 2007; Han
and Kim, 2010). 53], SPWVD 7]%-& Qe Zujs gfolo]
7} Fubg A2 Abololl e M2 A8 o oA
A AaA7led Fagt 7Hoeleke Hlof F5ske] & Atol

Table 1. Specifications of hardware modules consisting of the chirp
data acquisition and processing system developed in this study

Hardware Specification
modules
Xilinx Spartan-3E FPGA 1200K gate
Four 12-pin Pmod interface
VGA, PS/2, USB2 and serial ports
FPGA
Hirose FX2 connector
16 MB PSDRAM &16 MB strataflash ROM
50 MHz oscillator
Chirp Chirp output pulse signal 20-220 kHz
transmitting ~ Output power 100 W
module Chirp pulse duration 1.0ms
TVG gain 96.8 dB (0.48 dB step)
Chirp ADC 12 bit 1 MHz sampling
receiving Pre-amp gain 24 dB
module

Bandpass filter 25-85 kHz (L), 100-220 kHz (H)
DAC 16 bit 5V output

Chirp Airmar B265LH and B75M,
transducer  Self-made transducer (Lee, 2017)

Notebook PC Dell inspiron (2.53 GHz, windows 7, core i5)
FPGA, field-programmable gate array; VGA, video graphics ar-

ray; TVG, time varied gain; ADC, analog-to-digital converter;
DAC, digital-to-analog converter.
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Fig. 2. Photographs of the chirp data acquisition and processing
system developed in this study. (a) An FPGA (Field-Programma-
ble Gate Array) board connected to two receiver modules and a
transmitter module. (b) A completed PC-based chirp echo-sounder
composed of a chirp transceiver, a PC-based data processing sys-
tem and an additional data monitoring system.
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Fig. 3. Layout for the software module of the chirp data acquisition and processing system developed in this study.
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Fig. 4. An echogram for the low frequency channel (35-75 kHz)
measured from a WC (tungsten carbide sphere with 6% cobalt
binder) sphere (Dia. 40 mm) suspended just below the chirp trans-
ducer to test the functionality of the developed chirp data acquisi-
tion and processing system.
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Fig. 5. Time response waveform (a), frequency spectrum (b), time-frequency image (c) and 3D contour plot (d) of the broadband echo signal
from a 40 mm WC (tungsten carbide sphere with 6% cobalt binder) sphere suspended at about 3 meters depth on the beam axis just below

the chirp transducer operating over the range of 35-75 kHz.
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from a 40 mm WC (tungsten carbide sphere with 6% cobalt binder) sphere suspended at about 3 meters depth on the beam axis just below

the chirp transducer operating over the range of 130-210 kHz.
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Fig. 7. Expended echogram (a), chirp echo waveform (b) and time-frequency image (c) for the broadband echo signal from seabed. The echo

signal from fish aggregations near the seabed was acquired over the frequency range of 130-210 kHz in the Busan northern harbor, Korea.

The time-frequency image show that it is possible to separate and resolve the two echo signals if their time components for the echo signals

from seabed and fish do not overlap in the time domain.
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