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Time-Frequency Analysis of Broadband Acoustic Scattering from
Chub Mackerel Scomber japonicus, Goldeye Rockfish
Sebastes thompsoni, and Fat Greenling Hexagrammos otakii
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Broadband echoes measured in live chub mackerel Scomber japonicus, goldeye rockfish Sebastes thompsoni, and
fat greenling Hexagrammos otakii with different morphologies and internal characteristics were analyzed in time
and frequency domains to understand the species-specific echo feature characteristics for classifying fish species.
The mean echo image for each time-frequency representation dataset obtained as a function of orientation angle
was extracted to mitigate the effect of fish orientation on acoustic scattering. The joint time-frequency content of the
broadband echo signals was obtained using the smoothed pseudo-Wigner-Ville distribution (SPWVD). The SPWVDs
were analyzed for each echo signature of the three fish species. The results show that the time-frequency analysis
provided species-specific echo structure patterns and metrics of the broadband acoustic signals to facilitate fish spe-
cies classification.
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Fig. 1. (a) Ray diagram for eleven angles of orientation for mea-
suring the broadband echoes from live fish individuals. (b) The
lateral and ventral radiographs for fish (goldeye rockfish Sebastes
thompsoni) to be measured. The air-filled swimbladder, with dou-
ble chambers, and the backbone, including the spines and ribs, can
be seen as the dark and white shapes, respectively.
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Fig. 2. Parameters of the echo feature extracted from the time-
frequency representation showing the species-dependent charac-
teristics of fish.
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Fig. 3. Time-frequency representations (TFRs) of the broadband echoes from goldeye rockfish Sebastes thompsoni. (a) Short time Fourier
transform (Hanning window, h=62 points), (b) Smoothed pseudo Wigner-Ville distribution (Hanning window, g=h=62 points).
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Fig. 4. Chirp echo waveforms measured as a function of angle of orientation in the dorsal plane of a chub mackerel Scomber japonicus.
The strongest echoes occurred when the incident signal was perpendicular to the long axis of the swimbladder (No. 16). The echoes were
measured at increments of 2.5° over an angle range of -25° (head-down, No. 21) to +25° (head-up, No. 1).
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Fig. 5. Time-frequency representations for the broadband echoes measured over a range of -25° (No. 21) to +25° (No. 1) with 2.5° steps in

the dorsal plane of a chub mackerel Scomber japonicus. The echoes showed the highest amplitude and simplest signature when the incident

angle was perpendicular to the long axis of the swimbladder (No. 16). The complexity of the echoes in both the time and frequency domains

increased as the aspect angle of the swimbladder moved away from the normal aspect (No. 16).
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Fig. 6. Time-frequency image for the calibrated broadband signal
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