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1. Introduction 
Since 2005, we have achived reciprocal sound 

propagation experiment at very shallow water, 
Hashirimizu port in Yokosuka1-3). As it locates at the 
enterence of the Tokyo bay, it is possilbe to measure 
how sounds are vaies according to the natural 
environmental changes such as temperature, tidal 
current and wind forces. Acoustic methods have been 
used in many ways such as signal communication, 
environmental monitoring tools, and detection system 
because of its advantage that it is less attenuation than 
optics or radiowave. We had analyzed reciprocal 
sound data which was traveling more than 100 km 
retrieved in the equatorial central Pacific Ocean while 
a whole year in 20004-6). However, it is still uncirten at 
the shallow area because of many reflections from sea 
sureface and seabed make received signals 
complicated at the shallow area. The hashirimizu port 
has small connection with the Toky bay and is 
surrounded by bank. It is a suitable place to monitor 
the behaviors of sound propagation. 

2. Experiment 
A pair of sound propagation system was 

placed on either bank of Hashirimizu port with the 
distance about 110m at the 0.9 m hight from the 
seabed. The arreangement of the propagation sistem is 
shown in Fig. 1. The depth of the port is about 5 m in 
average. There are not so much bamp and the bottom 
is mainly covered with silty mud. 
The experimental system is very simple. M-sequence 
signal is sent from one side of the bank and received 
at the opposite side. The signal is modulated by 
M-sequence with the carrier frequency of 12.5 kHz 
and repeated 4 sets of the modulated signal at one 
time. The length of the signal is 20.35 ms. Both of the 
system are synchronized with global positioning 
system (GPS) clock generates 1 pulse per second 
signal with accuracy of ± 200 ns. As the distance 
between the systems are too short, it is impossible to 
propagate reciprocally at the same time. Therefore, 
signal is sent opposite side after 30 s from the 
previous propagation and considered as a set of a  
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Fig. 1 Arrangements of the experimental equipments. 

80 100 120 140 160 180 200
0

0.2

0.4

0.6

0.8

1

Travel Time (ms)

A
m

pl
itu

de

Fig. 2 Sample received signal. 

reciprocal between the reciprocal propagation but we 
believe sound propagation. Specifically, there is 30 s 
delay it is enough short to change ocean environment 
dynamically. 

3. Data Analysis 

The received signals were demodulated and 
calculated the amplitude component from the 
correlated result. Figure 2 shows the sample of the 
received signal. As the M-sequence signal repeated 4 
times, there are 4 large peaks. There are another set of 
4 peaks around 120 ms although their amplitude were 
smaller than the first ones. Thinking propagation way 
in geometrically, it is considered appropriate that 
these small peaks reflected the bank at the east side of 
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the port and propagated to the receiver side with 
reflected once as shown in Fig. 3. 

It is possible to explain the propagation time t1 and t2,
which is the direct path and the reflected path from A 
to B reciprocally, with the current u, v and sound 
speed in the sea, c as following7).
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rn indicates the distance of each path explained in 
Fig. 3 and  is an angle between r1 and r2.
Current along the direct pass u can be estimated 
from the reciprocal sound propagation time of the 
direct arrivals as 
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where d is the proportional value of the 
difference of the reciprocal arrival time. Thus, we 
can obtain the current of the vertical direction to 
the direct pass. Figure 4 shows the estimated 
average flow vertical to the direct path r1, vertical 
flow measured by acoustic Doppler current 
profiler which was located at the middle of the 
direct path, water temperature, and surface level 
from the system. The absolute value of the 
estimated current and ADCP current is quite 
different but its trend through the experimental 
period are similar in some parts. The estimated 
current  has big gap in several points. These are 
caused by faults of peak tracking from the 
received signals. It is necessary to improve the 
peak tracking for accurate estimation. 

4. Conclusion 
We applied water flow estimation method using the 
direct path and the reflected path. The reflected path 
enable to estimate average flow which is vertical to 
the direct path. This method allows two dimensional 
flow estimation only from one pair of the reciprocal 
sound propagation system. Although the value itself in 
this analysis have to improve its accuracy, this 
has large potential for monitoring ocean 
environment. 
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Fig.3 Propagation paths and direction of currents. 
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Fig. 4 (a) estimated flow by direct and reflected travel 
time, (b) flow speed by ADCP, (c) water temperature and 
(d) surface level from the propagation system.  
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