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ABSTRACT
This paper presents an omnidirectional surface vehicle (OSV) de-
veloped for evaluating underwater acoustic communication perfor-
mance in confined water space. The OSV features centimeter-level
positioning accuracy, onboard waveform probing and generation,
omnidirectional maneuverability, and outstanding safety. The pre-
liminary experimental results have successfully demonstrated the
basic functionalities of this acoustic communication testbed.
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1 INTRODUCTION
Underwater communication is usually a mandatory requirement
for autonomous underwater vehicles (AUVs) to transmit data with-
out surfacing [8]. Among the existing communication methods,
acoustic communication is a proven technology and is the only
practical approach for long-range data transmission underwater
[3, 7]. As miniaturization is a major technology trend in AUVs
[2], there have been a few recent projects on developing, integrat-
ing, and testing acoustic communication devices for micro AUVs
(µAUVs) [6, 8, 11]. In contrast to large-sized AUVs, many applica-
tion scenarios of µAUVs require the robot to operate in confined
environments, where there is typicallymore interference to acoustic
communication. Moreover, µAUVs are usually more maneuverable
than large-sized underwater vehicles [11], which may induce addi-
tional motion-related disturbances to the acoustic channel.

Acoustic communication incorporates sound waves to transmit
data at long distance [1]. Knowing the potential disturbances of
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Figure 1: Omnidirectional surface vehicle that supports
acoustic communication experiments in confined environ-
ments.

sound propagation is crucial to ensure the performance and reliabil-
ity of underwater acoustic communication. There are a few recent
works on evaluating the performance of acoustic communication
for µAUVs. However, most existing experiments such as [6, 8], were
conducted when the µAUV is stationary during transmission or
receiving. Our previous work [11] evaluated the acoustic communi-
cation performance while the µAUV is either stationary or moving.
However, since localization is a shared challenge among underwa-
ter robots [12], the moving transmission test only involved simple
trajectories in controlled pool environment [11].

An omnidirectional surface vehicle has significantly fewer limita-
tions on localization, and features outstandingmaneuverability [10].
We extend our previous efforts on OSV development [10] towards
an efficient testbed for evaluating acoustic communication perfor-
mance in confined environments. The vehicle is equipped with
two real-time kinematic (RTK) localization receivers for centimeter-
level positioning and accurate heading measurement. The OSV
is capable of logging and generating waveforms with sampling
rate up to 100MSPS. Given the center frequency of most acoustic
modems are relatively low (e.g., 10 kHz) [4, 9], most signals inside
the modem can be probed by the OSV for analysis. With long-range
WiFi connectivity, the OSV can be conveniently operated, and the
probed waveforms can be viewed in real time. The symmetric over-
actuated design provides adequate maneuverability to accurately
follow complex trajectories designed for moving transmission tests.
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2 ACOUSTIC MODEM INTEGRATION
Fig. 2 illustrates the integration and signal probing of the acoustic
modem [5]. The modem communicates with the onboard computer
via serial interface. Data packets are directly sent to the modem for
transmission and vice versa. Internal waveform inside the modem
can be probed by the data acquisition system onboard the OSV.
Signals at different circuit nodes can be logged simultaneously
by utilizing multiple acquisition channels. Moreover, the onboard
waveform generator allows the modem to send any arbitrarily
defined waveshape.

Figure 2: Block diagram of onboard waveform probing.

3 PRELIMINARY EXPERIMENTAL RESULTS
As shown in Fig. 3, a preliminary experiment was conducted to
verify the basic functionalities of the OSV as an acoustic commu-
nication testbed. The OSV was hovering at around 116m from the
deck in a small lake. Total of 20 messages were sent from the OSV
to the basestation and vice versa. During each transmission, raw
analog signals were sampled at both transmitter (TX) and receiver
(RX) ends. One of the acquisitions is demonstrated in Fig. 4.

Figure 3: Experimental setup in lake environment.

4 CONCLUSION AND FUTUREWORK
This paper presents an omnidirectional surface vehicle for purpose
of facilitating acoustic communication experiments in confined
environments. Features including centimeter-level localization, om-
nidirectional maneuverability, and onboard waveform acquisition
and generation are overviewed. Results of the lake test demonstrate
the basic functionalities of this acoustic communication testbed.

We plan to add autonomy to the OSV to automate the experiment
procedures. Additional experiments will be conducted to examine

Figure 4: Probed waveform while OSV is sending message.

the impact of motion on acoustic communication in both pool and
lake environments. Data and waveform collected from the planned
experiments will be analyzed and discussed.
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