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ABSTRACT 
This paper proposes a method for ocean current mapping using 
distributed networked sensors and presents preliminary 
experimental results by this approach. Conventional acoustic 
tomography uses the acoustic sensors distributed on the periphery 
of an area of interest. Environmental reconstruction requires 
solving a challenging high dimensional inverse problem, typically 
requiring substantial computational effort. Given distributed 
sensors, currents can be constructed locally based on data from 
neighboring sensors. An acoustic communication and networking 
experiment was conducted near the Sizihwan Bay in Kaohsiung, 
Taiwan, in May 2011. The collected communication signals are 
used to demonstrate the proposed method for inverting the 
currents as a function of space and time. The procedure is simple 
and can be implemented in real-time using in-buoy processing. 
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1. INTRODUCTION 
Ocean acoustic tomography (OAT) was proposed by Munk 

and Wunsch in 1979 as an effective oceanographic technique for 
mapping mesoscale oceanic phenomena in deep ocean [1]. To 
reach long distances (hundreds of kms), the method uses low 
frequency (tens to hundreds Hz) sources and receivers; the 
equipment is heavy and the measurements are costly to conduct. 
Coastal acoustic tomography (CAT) was recently proposed as the 
application of OAT to coastal seas, with the goal of continuously 
monitoring the tidal currents in harbors, bays, straits, and inland 
seas [2-3].  The sources and receivers are deployed in remote 
areas without risk or inconvenience to shipping, fisheries or 
marine aquaculture industries. Because of the shorter (tens of kms) 
distances, higher (kHz) frequency sources and receivers are 
employed. Future underwater sensing is envisioned using 
inexpensive (thus expendable) underwater sensors distributed over 
a wide area, deployed near the bottom or at sufficient depth, and 

networked together using underwater acoustic communications. 
Sensor data can be relayed to the base station using the acoustic 
network. (Sensing, and acoustic networking may use different, 
non-overlapping frequency bands based on the need.) This kind of 
system concept has attracted a great deal of attentions recently and 
is sometimes referred to as a Distributed Networked Underwater 
Sensors (DNUS) system.  Given that such a system has been 
deployed, it can be used for wide area oceanographic data 
collection, pollution monitoring, offshore oil exploration, disaster 
prevention, assisted navigation and tactical surveillance [4].   

This paper demonstrates how the communication signals can 
be used to conduct ocean current inversion with real data, given 
that the DNUS is already deployed on the sea floor. Ocean current 
mapping using DNUS has several advantages compared with the 
conventional tomographic approach [1-3]. 
• Energy and cost saving.  Networked distributed sensors are 

more energy efficient compared with conventional approach 
where sensors are placed at the periphery of the mapping area.  
It was shown in an earlier work that total system energy for 
passing information from one point to another is much less 
using relay nodes than without relay nodes using the same 
frequency band [5].  The same conclusion can be reached 
comparing the system energy of the two-dimensional 
distributed sensors with periphery sensors.  

• In-buoy processing.  The networked nodes are divided into 
clusters.  Data processing is simple and can be performed in 
individual nodes. Results for different clusters are 
communicated to the base station and are merged/synthesized 
to produce current field results for a large area. 

• Adaptive topology.  Currents are not uniformly distributed in 
areas of interests. Distributed sensing provides the capability 
to allow more sensors to be deployed in more complicated 
areas to improve the measurement resolution.  

2. Distributed Networked Sensing Method 
The distributed networked sensing method is devised to utilize the 
communication signals for ocean current mapping. The method 
consists of following steps. First, at each nodal point of the 
triangle k, the current vector v is determined by the measured 
differential di and average travel times si of adjacent two rays via 
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where c is the sound speed. Then, the value at the centroid of the 
triangular cell k is parameterized using the average value of the 
three vertex nodes fi 
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where f(x) can be any component of the current field, vx or vy, at 
the position x. fi

k represents the corresponding value at the vertex 
node i of the triangular cell k. 

At each sensor node xi the value of the current field depends 
on the values of the adjacent triangles connecting to the same 
node as  

 f (xi ) =
1
K

fi
k

k=1

K

∑  (3) 

where K is the total number of adjacent triangles to the node.  
After obtaining the current field at the nodal points and centroids 
of the triangles, the triangle-based linear interpolation method is 
used to interpolate irregularly distributed data to a regular grid. 

3. THE 2011 UNCAT EXPERIMENT 
An Underwater Networking, Communications, and Acoustic 

Tomography (UNCAT) experiment was conducted near the 
Sizihwan Bay in Kaohsiung, Taiwan, from May 8 to May 12, 
2011.  Figure 1 shows the bathymetry of the experimental site. 
The water depth varies from 15 m to 27 m. Sixteen conductivity 
temperature and depth (CTD) measurements were conducted at 
positions marked by the triangles in Fig. 1.  A monitoring buoy 
system (square) is moored in the vicinity of the study site for 
continuing hydrological observation on currents.  

Each node consists of an acoustic modem moored to the ocean 
bottom on a rigid platform so that the travel time measurement is 
not affected by the sensor motion. The modem is made by 
Teledyne Benthos with a custom integrated electronics to transmit 
and receive arbitrary waveforms. For precise travel time 
measurements, the modem clock is synchronized to the GPS 
timing signal via a surface expression. A total of 9 nodes (circle in 
Fig. 1) were deployed during the experiment. The ranges between 
neighboring nodes are less than 3 km.  

There are 25 communication tests for mapping the current in 
the area. During each test, each modem transmits a separately 
coded m-sequence signal modulated by binary phase shift keying, 
with a carrier frequency of 18.5 kHz and a bandwidth of 5 kHz. 
The source level was approximately 183 dB re 1 µPa at 1 m. The 
transmission is controlled manually from the command center on 
a ship. Typically, less than 9 nodes were available at a given test.  
The reason is that: (1) some of the nodes were outside the 
communication range of the mother ship, and (2) some of the 
nodes were moved by the fishermen and had to be retrieved and 
re-deployed again. 

Each m-sequence signal contained 511 bits and lasted about 
55 ms. The signal was transmitted from one modem, repeated ten 
times with approximately 1.7 s separation in between them, and 
then transmitted from the next modem by round robin. The 
received signals were matched filtered using the transmitted signal 
with different codes to identify its source. Knowing the source 
transmission time, one estimates the one-way transmission time. 
The measured average and differential travel times are analyzed to 
estimate currents. We fist computed the currents along the T2-T4 
path for comparison with the weather buoy. Figure 1(b) shows in 
situ measurements of the surface current velocity from the 
weather buoy moored nearby the T2-T4 path as shown in Fig. 1. 
To make the comparison of two measurements, the weather buoy 
data are projected onto the T2-T4 direction. Figure 1(b) shows 
relative consistency considering the placement of the weather 
buoy mooring relative to the acoustic path and spatial differences 
between a point location and a path average. Although some 
discrepancies were observed, the estimated current shows a trend 
similar to the in situ measurements.  

A snapshot of the estimated spatial distribution of current (red 
arrows in Fig. 1(a)) shows the current flows from north-west and 
turns eastwards towards the shore. The measured current pattern 
and magnitude agrees with the weather buoy measurement (blue 
arrow). 

4. SUMMARY 
This paper proposes a method of ocean current mapping using 
networked distributed sensors. Sensor nodes are divided into 
triangular clusters to estimate the current. Data processing is 
simple and can be performed in individual nodes. The method is 
demonstrated using experimental data collected near the Sizihwan 
Bay, Taiwan. For the experimental data, the network distributed 
sensing method produced a current estimate that agreed in space 
and time with the nearby weather buoy measurements. 
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Figure 1. (a) Bathymetry of Marine Test Field with instrument 
positions. Circles indicate the acoustic sensor nodes; Square 
indicates the weather buoy (square); Red arrows show the 
estimated spatial distribution of the current field with the ray 
paths. (b) Temporal variation of current estimated along the T2-
T4 path.  




