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Abstract1 

 
The ocean environmental variation causes the amplitude 

and phase fluctuations of acoustic signals that travel in the 
ocean acoustic waveguide. Sound propagation fluctuation 
is studied based on the deep water fixed-point sound 
propagation experiment data acquired in the northern 
South China Sea in 2016. In this experiment, two sets of 
submerged buoy systems, which integrate the emission and 
receiving of sound wave, have continuously and steadily 
worked as long as three months. Considering the Doppler 
frequency shift, the amplitude and phase of acoustic signals 
are calculated after matched filtering. The sound intensity 
scintillation index computed for the entire record is 0.8, 
which is less than the saturation value of one. In contrast, 
the scintillation index computed for the 2001 ASIAEX 
South China Sea Experiment is 2.6 and 1.7. The ocean 
environmental variation and its relation with sound 
propagation fluctuation are analyzed. 
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I. INTRODUCTION 

 
About the fluctuation of ocean sound field, many experiment 

studies have been made in different ocean areas. And the 
change of marine environmental parameters is often used for 
explain the fluctuation. The scintillation index is used to 
quantify the fluctuation generally. For example, in the 2001 
ASIAEX South China Sea Experiment, the fluctuation of 400- 
Hz sound intensity was analyzed and the scintillation index was 
2.6 and 1.7 for different propagation paths. In this paper, an 
experiment about sound fluctuation in deep water is presented, 
and the relation between ocean environment change and sound 
intensity change is analyzed. 

 
II. THEORY 

 
A. Scintillation Index 
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Intensity fluctuations statistics will be expressed in terms of 
the scintillation index, which is the normalized variance of the 
intensity, given by 

 2 22SI I I I     (1) 

where the means (delineated by brackets) will be taken over the 
experiment period in this paper. In equation 1, I  represents 
the sound intensity , SI  represents the scintillation index. 

B. Method of Data Processing 
In order to get the scintillation index, the procedures includes 

two steps as follow. 
①Matched filtering 
In the first step, in order to get the signal, raw data are 

processed by matched filtering and intercepting. 
②Sound field intensity fluctuation analysis 
In the second step, the sound intensity is calculated at first. 

Then the sound intensity scintillation index is calculated based 
on equation 1. 

 
III. EXPERIMENT 

 
A deep water acoustical experiment was performed in the 

northern South China Sea in 2016. Two sets of submerged buoy 
systems, which integrate the emission and receiving of sound 
wav, were moored in the deep sea. The distance between the 
two submerged buoy systems was about 57 km. These two buoy 
systems were moored in the sea on May 20 and May 21 
separately. At the end of August, these two buoy systems were 
recovered. 

The sea depth in the location of the first submerged buoy was 
2567 m. In the first buoy, the sound transmitter located at the 
depth of 1034 m, and the 20 receiving hydrophones covered the 
depth range from 408.5 m to 1660.5 m. The sea depth in the 
location of the second submerged buoy was 2395 m. In the 
second buoy, the sound transmitter located at the depth of 1002 
m, and the 20 receiving hydrophones covered the depth range 
from 376.5 m to 1628.5 m. 

The signal emitted by these two buoy systems was M 
sequence signal, and the duration of the signal was 20.47 s. The 
signal’s frequency ranged between 400 Hz and 500 Hz. After 
matched filtering with Doppler shift, figure 1 shows the 
normalized waveform envelopes of the signals emitted by the 
second submerged buoy system recorded by the first 
submerged buoy system. According to the waveforms, signals 
had high signal to noise ratio in all channels except channel 20. 
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ranges. 
 

IV. SIMULATION 
 

Figure 13 shows the measured sound speed profile. There is a 
strong negative thermocline between the depths of 20 m and 
120 m, and the channel axis locates at the depth of 1000 m. 
Figure 14 shows the simulated two-dimensional acoustic 
transmission loss based on the ray simulation model, and there 
is a typical deep water sound field distribution with the 
structure of convergence zones and shadow zones. Figure 15 
shows the simulated acoustic transmission loss curve at the 
depth of 971.4 m, the first convergence zone locates at the 
range between 50 km and 70 km, and the second convergence 
zone locates at the range between 110 km and 130 km. The 
locations of convergence zones in figure 15 agree with the 
locations of high correlation in figure 12. According to the 
simulation, without the contact with the sea bottom, the signals 
in convergence zone retain high correlation. However, the 
signals’ correlation diminishes rapidly in shadow zone because 
of the contacts with the sea bottom. 

 
Fig. 13 Measured sound speed profile. 

 
Fig. 14 Simulated two-dimensional acoustic transmission loss. 

 
Fig. 15 Simulated acoustic transmission loss curve. 

 
V. CONCLUSION 

 
In this paper, experimental research shows that the 

correlation coefficient of sound field in shallow water and deep 
water. In the shallow water, the correlation coefficient between 
received explosive sound signals are relatively poor, and the 
correlation radius is relatively small. In the deep water, the 
convergence zone has an obviously better spatial correlation 
than the shadow zone, and there is a strong correlation among 
different convergence zones. Based on the comparison between 
the experiment and the simulation, the spatial correlation 
diminishes rapidly because of the contacts with the sea bottom, 
either at shallow water and deep water. 
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Fig. 1 Normalized waveform envelopes of the signals emitted by the 
second submerged buoy system recorded by the first submerged buoy 
system. 

Figure 2 shows the interpolated temperature profile during 
the experiment period in the location of the first submerged 
buoy. According to figure 4 and figure 5, the temperature at the 
depth of 469 m and 1760 m in the first buoy location changed 
little during the experiment. 

Figure 6 shows the sound intensity level changed with launch 
times in channel 10 at the depth of 1019 m, and the SI  
computed for the entire record is 0.8. According to figure 6, the 
intensity level in channel 10 of the first buoy changed little 
during the experiment. 

Figure 3 shows the interpolated temperature profile during 
the experiment period in the location of the second submerged 
buoy. According to figure 4 and figure 5, the temperature at the 
depth of 391 m and 1714 m in the second buoy location varied 
significantly with time. At the depth of 391 m, the temperature 
changed from 9.0 ℃ to 11.0 ℃. At the depth of 1714 m, the 
temperature changed from 0.8 ℃ to 2.3 ℃, which meant that 
there was a cold water mass in the second buoy location. 

Figure 7 shows the sound intensity level changed with launch 
times in channel 20 at the depth of 1628.5 m, and the SI  
computed for the entire record is 3.6. According to figure 7, the 
intensity level in channel 20 of the second buoy varied 
significantly with time, and the maximum range can mount to 
15 dB. 

 
Fig. 2 Interpolated temperature profile in the first buoy location 
changed with time. 

 
Fig. 3 Interpolated temperature profile in the second buoy location 
changed with time. 

 
Fig. 4 Temperature at the depth of 469 m in the first buoy location and 
at the depth of 391 m in the second buoy location changed with time. 

 
Fig. 5 Temperature at the depth of 1760 m in the first buoy location 
and at the depth of 1714 m in the second buoy location changed with 
time. 
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Fig. 6 Sound intensity level changed with launch times in channel 10 
of the first buoy system. 

 
Fig. 7 Sound intensity level changed with launch times in channel 20 
of the second buoy system. 

 
IV. SIMULATION 

 
In order to figure out the great intensity fluctuation in channel 

20 of the second buoy, relevant simulation was performed for 
analysis. Based on figure 4 and figure 5, temperature in the 
second buoy location was quite different from the first buoy 
location. We considered two situations: (1) the sound speed 
profile in the second buoy location was the same as the sound 
speed profile in the first buoy location; (2) the sound speed 
profile in the second buoy location was different from the 
sound speed profile in the first buoy location as shown in figure 
3 and figure 5, we chose the sound speed profile in day 20 as an 
typical example of cold water mass. 

 Figure 8 and figure 9 show the simulated two-dimensional 
sound field transmission loss in these two cases, and the cold 
water didn’t change the general distribution of sound field. 
Figure 10 and figure 11 show the simulated smoothed sound 
field transmission loss at the distance of 57 km, and the cold 
water did increase the sound intensity around the depth of 1700, 
which was close to the depth of channel 20. According to figure 
12 and figure 13, the cold water mass did appeal to the sound 
rays. And the cold water mass did not changed the general ray 
arrival structure as shown in figure 14 and figure 15. 

However, as shown in figure 7, the received sound intensity 
in day 20 was weaker than day 90, which was adverse to the 
simulation result. Therefore, the great sound intensity change in 
channel 20 of the second buoy could not be attributed to the 
cold water mass. 

 
Fig. 8 Simulated two-dimensional sound field transmission loss 
without the change of sound speed. 

 
Fig. 9 Simulated two-dimensional sound field transmission loss with 
the change of sound speed. 

 
Fig. 10 Simulated smoothed sound field transmission loss changed 
with depth. 

 

 
Fig. 1 Normalized waveform envelopes of the signals emitted by the 
second submerged buoy system recorded by the first submerged buoy 
system. 

Figure 2 shows the interpolated temperature profile during 
the experiment period in the location of the first submerged 
buoy. According to figure 4 and figure 5, the temperature at the 
depth of 469 m and 1760 m in the first buoy location changed 
little during the experiment. 

Figure 6 shows the sound intensity level changed with launch 
times in channel 10 at the depth of 1019 m, and the SI  
computed for the entire record is 0.8. According to figure 6, the 
intensity level in channel 10 of the first buoy changed little 
during the experiment. 

Figure 3 shows the interpolated temperature profile during 
the experiment period in the location of the second submerged 
buoy. According to figure 4 and figure 5, the temperature at the 
depth of 391 m and 1714 m in the second buoy location varied 
significantly with time. At the depth of 391 m, the temperature 
changed from 9.0 ℃ to 11.0 ℃. At the depth of 1714 m, the 
temperature changed from 0.8 ℃ to 2.3 ℃, which meant that 
there was a cold water mass in the second buoy location. 

Figure 7 shows the sound intensity level changed with launch 
times in channel 20 at the depth of 1628.5 m, and the SI  
computed for the entire record is 3.6. According to figure 7, the 
intensity level in channel 20 of the second buoy varied 
significantly with time, and the maximum range can mount to 
15 dB. 

 
Fig. 2 Interpolated temperature profile in the first buoy location 
changed with time. 

 
Fig. 3 Interpolated temperature profile in the second buoy location 
changed with time. 

 
Fig. 4 Temperature at the depth of 469 m in the first buoy location and 
at the depth of 391 m in the second buoy location changed with time. 

 
Fig. 5 Temperature at the depth of 1760 m in the first buoy location 
and at the depth of 1714 m in the second buoy location changed with 
time. 
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Fig. 11 Simulated smoothed sound field transmission loss changed 
with depth. 

 
Fig. 12 Simulated sound ray path without the change of sound speed. 

 
Fig. 13 Simulated sound ray path with the change of sound speed. 

 
Fig. 14 Simulated sound ray arrival structure without the change of 
sound speed. 

 

Fig. 15 Simulated sound ray arrival structure with the change of sound 
speed. 

 
V. CONCLUSION 

 
In this paper, experimental research showed that there was a 

great difference of temperature profile between these two buoy 
locations. In the first buoy location, the temperature and the 
sound intensity changed little during the experiment, and the 
SI  is 0.8. In the second buoy location, he temperature and the 
sound intensity varied significantly with time during the 
experiment, and the SI  is 3.6. According to the simulation, the 
great intensity fluctuation in channel 20 of the second buoy had 
little to do with the cold water mass in the second buoy location. 
Therefore, about the great intensity fluctuation, there is a lot of 
analysis to be done in the future. 
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