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Fig.1 The flowchart of pulse measurement
procedure using the image processing.
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Fig.2 Time waveform of the sound pressure (a) is converted into the 16 bit gray-scale TIFF
image (b). Here, (c) is the expanded time waveform of sound pressure which corresponds to 3
lines (0.01536 [s]) on the image, (d) and (e) are the line profiles on the image at line 167 and

169, respectively.
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Fig.3 Image after morphological processing (a) and binarization image made by setting a
threshold value (d). Here, (b) and (c) are the line profiles on the image at line 167 and

169, respectively.
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Table 1 Result of analysis in the object
measurement.

Obj.# Area Center-X Center-Y PerArea
1
2 4 28.5 14 0.0000607
3 2 38.5 14 0.0000303
4 1 76 14 0.0000151
16 1 0 79 0.0000151
17 10 227.5 81 0.0001519
18 5 150 92  0.0000759
19 28 206 105 0.0004255
32 1 242 164 0.0000151
33 12 105.5 167 0.0001823
34 1 119 167 0.0000151
35 11 136 169 0.0001671
36 1 207 169  0.0000151
37 3 213 169  0.0000455
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Fig.4 The generation status of the pulses for 50 seconds around 3:00 in Sunday at KOJIMA
pier of Japan Coast Guard Academy in each season of (a) summer, (b) spring and (c) winter.
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Fig.5 The number of pulses of time series for 77 hours in each season in summer, spring
and winter finally obtained by using the present image analysis.
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Fig.6 The number of pulses of time series as one day by re-describing the data for 77

hours shown in Fig.5.
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Fig.7 The change of (a) water temperature and (b) dissolved oxygen concentration ( the
DO value ) near the sea bed for 77 hours in each season in summer, spring and winter.
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