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Special issue on compressive sensing in communications
Compressive sensing, also known as compressive sam-
pling, has made a tremendous impact on signal processing
and statistical learning, and has facilitated numerous ap-
plications in areas ranging frommedical imaging and com-
putational biology to astronomy. Recently, there has been a
growing interest in applying the principles of compressive
sensing to an even wider range of topics, including those
in communications and networking.

The basic thesis of compressive sensing – and its
powerful appeal for many applications – is that under
certain conditions it suffices to collect only a small number
of signal observations (e.g., pixels of an image) and still
be able to reconstruct the signal in its entirety when
the signal admits a sparse representation in a basis or a
frame. This statement has a profound impact on the way
in which a communication system can be designed. From
data compression in band-limited systems to estimation of
communication channels that are naturally sparse; from
active or passive delay, angle, and Doppler estimation of
specific targets to distributed sensing of sparse fields, the
principles of compressive sensing canbe applied to provide
system designs that are more efficient than the traditional
ones.

This special issue is devoted to those areas of
communication system and network design where com-
pressive sensing brings new insights and tools to yield ef-
fective solutions for the problems of interest. The issue
contains eleven high-quality papers whose topics range
from signal detection and channel estimation to radio
spectrum sensing and information gathering in energy-
constrained sensor networks, offering innovative method-
ologies, algorithms, and theoretical results by using the
existing results of compressive sensing or by extending
them.

The first paper in this issue, ‘‘Measurement Design for
Detecting Sparse Signals’’ [1], addresses the problem of bi-
nary hypothesis testingwhen it is known that the observed
signal is sparse in some domain. The question of measure-
ment matrix design is posed, with the goal of maximizing
the signal-to-noise ratio at the input to the detector. Two
optimization frameworks are considered—maximization
of the worst case and of the average minimum signal-
to-noise ratio, yielding respective performance bounds.
The customized, deterministic measurement matrices are
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found to outperform random matrices typically used for
sparse signal recovery.

The second paper, ‘‘Structured Sublinear Compressive
Sensing via Dense Belief Propagation’’ [2], provides new
insights in the design of compressive sensing schemes,
by using ideas rooted in error correction coding theory.
One scheme is based on codes of graphs, and is used in
combination with the Orthogonal Matching Pursuit (OMP)
for the reconstruction. To attain increased sensitivity for
very sparse signals, the authors also propose a new dense
list decoding belief propagation scheme with improved
reconstruction performance.

The next three papers address estimation of and
communication over sparse channels. The paper enti-
tled ‘‘Belief-Propagation-Based Joint Channel Estimation
and Decoding for Spectrally Efficient Communication
Over Unknown Sparse Channels’’ [3] revisits the prob-
lem of spectrally efficient communication over a block-
fading Rayleigh channel that has a sparse discrete-time
impulse response. In contrast to the conventional ap-
proach of pilot-aided sparse channel estimation that de-
couples channel estimation from decoding, the focus of
this paper is on joint sparse channel estimation and
data decoding. This is accomplished through the use
of a novel relaxed belief-propagation-based reception
scheme in conjunction with a standard bit-interleaved
coded orthogonal frequency divisionmultiplexing (OFDM)
transmitter. It is found through numerical simulations
that the proposed receiver achieves the ergodic capac-
ity scaling of noncoherent sparse channels and per-
forms near-optimally at both low and high signal-to-noise
ratios.

In the paper ‘‘An Integrated Sparsity and Model-Based
Probabilistic Framework for Estimating the Spatial Varia-
tions of Communication Channels’’ [4], the spatial varia-
tions of awireless channel are estimated based on a limited
number ofmeasurements. Two approaches have been con-
sidered: a sparsity-based approach exploiting the chan-
nel sparsity in the frequency domain, and a probabilistic
model-based approach relying onmulti-scale probabilistic
models of the channel spatial variations. The underlying
trade-offs between the twomethods motivate a combined
channel estimation approach that keeps the strengths of
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both approaches and is shown to have superior perfor-
mance when applied to outdoor as well as indoor channel
measurements.

The last paper that focuses on channel estimation,
‘‘A Geometric Mixed Norm Approach to Shallow Water
Acoustic Channel Estimation and Tracking’’ [5], includes
important guidelines for applying compressed channel
sensing to estimate shallow water acoustic channel
responses. The sparse channel estimation algorithm is
adaptive and is resilient to numerical ill-conditioning that
is inevitable when considering shallow waters channel
responses.

Application of compressive sensing theory to the
problems in networking is addressed in the next two
papers. In paper [6], entitled ‘‘Asynchronous Code-Division
Random Access Using Convex Optimization’’, the authors
propose a multi-user detection technique that capitalizes
on the fact that at any time, only a random set of users
are active in a given cell. A mixed-norm optimization
technique is applied to find this set, and the corresponding
signals are detected. The result is a multiple access scheme
whose capacity significantly exceeds that of a traditional
one. Specifically, the number of users supported by this
technique is shown to grow polynomially with the signal
space dimension (bandwidth) when specially designed
algebraic codes are used.

In paper [7], ‘‘Compressed Sensing in Random Access
Networks With Applications to Underwater Monitoring’’,
random access and compressive sensing are integrated to
arrive at an energy-efficient scheme for data gathering
in a large sensor network where the sensing field is
sparse. The key notion is that packet collisions, although
inevitable, do not alter the random nature of sampling
as seen by the fusion center. This fact is used to model
the arrival process of useful packets and to determine
the minimum per-node sensing rate that guarantees
field recovery with a pre-specified probability. Results
are discussed in light of underwater acoustic networks,
showing significant savings in power and bandwidth as
compared to conventional systems based on time-division
multiple access.

The final four papers discuss specific applications,
and benefits that result from inclusion of compressive
sensing techniques into the underlying communication
functions. In ‘‘Group Sparse Lasso for Cognitive Network
Sensing Robust to Model Uncertainties and Outliers’’ [8],
the authors address spectrum sensing for cognitive radio
applications. Given a number of primary spectrum users,
the problem is that of determining their locations as
well as the frequency bands that they occupy. Sparsity
is present both in the spatial domain, where primary
users sparsely populate a dense grid, as well as in
the frequency domain, where in each narrow sub-band
a primary user may or may not transmit. The sparse
spectrummap changes with time, and has to be estimated
in the presence of channel uncertainty, i.e. using signal
measurements that are subject to fading. To improve
upon the existing solutions, the authors consider cognitive
radios capable of cooperation, and propose a new type
of algorithm based on alternating direction method of
multipliers.
In the paper ‘‘GPS Signal Acquisition via Compres-
sive Multichannel Sampling’’ [9], an efficient acquisition
scheme for GPS receivers is proposed. Based on the re-
cently proposed analog compressed sensing framework,
the GPS signals can be effectively sampled and detected
with many fewer (yet randomized) correlators than those
used in existing GPS receivers, thereby leading to signifi-
cant cost savings. The outputs of this compressive bank of
randomized correlators allow one to identify the strongest
satellite signals in the field of view and pinpoint the correct
code-phase and Doppler shifts for finer resolution during
tracking.

The paper [10], ‘‘Compressive Sampling based Differ-
ential Detection for UWB Signals’’, investigates the de-
sign of ultra-wideband (UWB) impulse radio receivers,
for which compressive sampling is particularly moti-
vated to circumvent costly Nyquist-rate sampling in
the over-GHz regime. Noncoherent energy detectors are
considered in this paper in combination with differen-
tial detection (DD), since they bypass channel estima-
tion and provide highly efficient reception capabilities.
Bringing the benefits of compressive sampling to non-
coherent detection, this paper formulates an optimiza-
tion problem to jointly recover the sparse received UWB
signals as well as the differentially encoded data sym-
bols. This joint approach to compressive-sampling-based
DD meets the stringent performance-complexity require-
ments of UWB impulse radios in terms of affordable
sampling and reconstruction costs, as well as compara-
ble performance to a compressed maximum a posteri-
ori (MAP) differential detector that is also derived in this
paper.

The last paper in this special issue, entitled ‘‘The
Impact of ADCNonlinearity in aMixed-Signal Compressive
Sensing System for Frequency-Domain Sparse Signals’’
[11], numerically studies the impact of analog-to-digital
converter (ADC) nonlinearities in a compressive sensing
receiver for frequency-domain sparse signals. It is shown
through numerical simulations that compressive sensing
receivers have the ability to improve the Spurious-Free
Dynamic Range (SFDR) of ADCs in the case of highly-sparse
signals. Various factors that affect this SFDR improvement,
including the signal sparsity and signal-to-noise ratio, are
also numerically investigated.

We hope that the readers will enjoy this special
issue that highlights the use of compressive sensing in
communications. We would like to thank the Editor in
Chief, Prof. Ian Akyildiz, for having us on board the Physical
Communication Journal, and for providing an archival
quality venue for the papers that we selected. The high-
quality technical content, of course, owes to the authors.
Our gratitude goes to them, and to the reviewers who
provided constructive criticism that helped to bring out the
best in these papers.
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