
he oceans, covering two thirds of the Earth’s surface, rep-
resent one of the last frontiers for exploration and sci-

ence. Apart from playing a key role in international commerce
and fishing, oceans contain information about climate and the
history of our planet, as well as yet-to-be-explored energy
resources and forms of life. Ocean exploration has been recog-
nized as a key step towards a fuller understanding and sustain-
ing of life on Earth through the development of ocean-obser-
vation systems.

Wireless information transmission through the ocean is one
of the enabling technologies for the development of these
future ocean-observation systems, whose applications include
gathering of scientific data, pollution control, climate monitor-
ing, detection of objects on the ocean floor, and transmission
of images from remote sites. Wireless signal transmission
underwater is also crucial for surveillance and military appli-
cations, as well as control of the autonomous vehicles which
will serve as mobile nodes in future information networks of
distributed underwater sensors. 

Wireless communications underwater are usually estab-
lished using acoustic waves although both radio and optical
techniques may be used for applications that specialize to very
short distances. Acoustic communications are governed by
three factors: limited bandwidth, time-varying multipath prop-
agation, and low speed of sound underwater. Together, these
factors result in a communication channel of poor quality and
high latency, and pose challenges very different from terrestri-
al wireless networking. This is driving the design of new com-
munication algorithms and network protocols across all layers
of the system architecture. 

Underwater acoustic techniques have been studied and used
for many years. Despite their long history, advanced commu-
nication systems based on underwater acoustic signaling are
still actively being studied. Because of the challenging propa-
gation environment and the limited understanding of the phe-
nomena involved, many problems remain to be solved for
these systems to provide reliable communications and pre-
dictable performance. In addition, networking aspects of
underwater communication systems, unexplored until recently,
have started to attract significant interest, and present a fertile
and promising research area. 

This special issue has as its main purpose to present recent
contributions in the area of underwater wireless communica-
tions and networking, and to provide a view of the field’s state-
of-the-art today. The contributions span underwater propaga-
tion, channel modeling, physical-layer transmission, and net-
work protocol design, considering a range of approaches, from

mathematical modeling to simulation and ocean-based experi-
ments. 

In “Underwater Wireless Optical Communication Channel
Modeling and Performance Evaluation using Vector Radiative
Transfer Theory,” Jaruwatanadilok models the impact of light
absorption and scattering on the delay and angle spread and
polarization of received signals. This analysis leads to an opti-
cal communications system performance analysis that high-
lights the impact of system design trade-offs such as the
receiver field of view.

In “A Discrete-Time Channel Simulator Driven by
Measured Scattering Functions,” Van Walree, Jenserud and
Smedsrud address one of the major hurdles to rapid progress in
underwater acoustic communications research, i.e., the diffi-
culty in realistically simulating the propagation of communica-
tions signals through complex ocean environments. Their tech-
nique is based upon creating realizations of the time-varying
channel impulse response whose scattering function matches
that measured during field experiments in an environment of
interest.

In “Detection, Synchronization, and Doppler Scale
Estimation with Multicarrier Waveforms in Underwater
Acoustic Communication,” Mason, Berger, Zhou, and Willett
propose a novel method for detection, synchronization, and
Doppler scale estimation in underwater acoustic communica-
tions. The technique uses OFDM waveforms and its perform-
ance is demonstrated using both simulated signals as well as
data collected in the field.

In “Iterative Carrier Frequency Offset and Channel
Estimation for Underwater Acoustic OFDM Systems,” Kang
and Iltis present a practical low-density parity-check (LDPC)
coded OFDM system for underwater acoustic channels with
sparse multipath and attendant Doppler effects.

In “Multiband OFDM for Covert Acoustic
Communications,” Leus and Van Walree propose a technique
for achieving low-rate, long range acoustic communications at
a very low SNR. The technique, which is based upon multi-
band OFDM signaling, also utilizes a Basis Expansion Model
representation to track channel fluctuations at the receiver. The
performance of the approach is demonstrated using field data.

Hwang and Schniter, in the paper “Efficient Multicarrier
Communication for Highly Spread Underwater Acoustic
Channels,” propose a method for communication over under-
water acoustic channels that exhibit large delay and Doppler
spreads. The authors propose a coded pulse-shaped multi-car-
rier scheme that allows a small amount of controlled inter-car-
rier interference, which is mitigated in a near-optimal manner
using a soft noncoherent equalizer with low complexity. 

In “Nonbinary LDPC Coding for Multicarrier Underwater
Acoustic Communication,” Huang, Zhou, and Willett present
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methods of constructing nonbinary LDPC codes that achieve
excellent performance and can be encoded in linear time. The
codes improve communications system performance in fading
channels and help realize a reduction in the transmitted sig-
nal’s peak to average power ratio thus addressing a drawback
of multicarrier techniques. The performance of the resulting
coded communications system is demonstrated using both
simulation results and field data.

Mirza and Schurgers examine a novel localization method
for a distributed sampling system based on a network of drift-
ing sensors. Their paper develops a distributed, energy-aware
scheme that localizes the sensors, off-line, after the completed
sampling mission with minimal communication cost for each
sensor. A factor-graph based optimization scheme is applied to
determine the drifting sensor positions using the sensor col-
lected data.

Network coding strategies for underwater communication
networks are developed in the paper by Lucani, Medard and
Stojanovic. The authors first develop a simple model for the
attenuation in underwater acoustic channels that is amenable to
analysis, then, a network coding based lower bound for trans-
mission power in underwater acoustic networks is developed
using the aforementioned approximation. The performance of
several previously proposed network coding schemes is evalu-
ated for underwater acoustic channels and compared to this
bound.

The paper by Parrish, Tracy, Roy and Arabshahi addresses
the integrated system design of an underwater network, high-
lighting the interplay between key characteristics of the
acoustic propagation medium and its impact on the choice of
link layer parameters. The paper combines capacity considera-
tions with the design of a medium-access (MAC) protocol
specifically designed to work with existing hardware, provid-
ing numerical evaluation of the system performance by simu-
lation.

The paper by Syed, Ye and Heidemann introduces T-Lohi,
a new class of distributed and energy-efficient MAC protocols
that employs a new tone-based contention resolution mecha-
nism that exploits space-time uncertainty and high latency to
detect collisions and count contenders, as well as a low-power
wake-up receiver to significantly reduce energy consumption.
T-Lohi is compared with other solutions, and a thorough per-
formance evaluation is reported, showing the benefits of the
proposed scheme.

Another view of MAC protocols can be seen in the paper
“RIPT: A Receiver-Initiated Reservation-Based Protocol for
Underwater Acoustic Networks.” This paper, by Chirdchoo,
Soh, and Chua, amortizes the cost of coordination over long-
delay channels by organizing transmissions in long packet
trains, and coordinating transmissions from neighbors at the
receiver.

In the work by Zorzi, Baldo, Casari and Harris, the implica-
tions of acoustic underwater channel characteristics (attenua-
tion, noise, long propagation delays, and distance-dependent
bandwidth) and of underwater acoustic modems (energy con-
sumption for different communication modes) on protocol
design are studied. A new energy-efficient routing protocol for
underwater sensor networks is designed and compared to other

commonly employed routing strategies. The authors also pro-
vide extensions to ns2 to encompass underwater acoustic chan-
nels, an underwater MAC protocol and the new routing algo-
rithm. 

We believe that these papers highlight some of best recent
ideas in the field of underwater communications and network-
ing, and can provide an excellent starting point for researchers
who want to contribute to this emerging field.
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