
IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 32, NO. 12, DECEMBER 2014 2313

Guest Editorial
Series on Molecular, Biological, and Multiscale
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Andrew W. Eckford, Member, IEEE, Dilip Krishnaswamy, Senior Member, IEEE, Janet L. Paluh, and

Christopher Rose, Fellow, IEEE

A T the leading edges of the field of telecommunications,
researchers are always seeking new ways of applying

the powerful analytic tools of information and communication
theory. Over the past decade, attention has focused on molecu-
lar, biological, and nano-scale (or multi-scale) communications
problems. These problems are described (very briefly and in-
completely) as follows:

• Molecular communication refers to the encoding and
transmission of information as patterns of molecules,
which (for example) may propagate from transmitter to
receiver via Brownian motion. This communication tech-
nique is inspired by chemical communication in nature
across many length scales: from pheromonal communica-
tion at the macroscale, to intercellular signal transduction
at the nanoscale.

• Biological communication refers to the communication
processes among biological organisms. In one sense, this
may include molecular communication, which is biologi-
cally inspired. However, more broadly, we also consider
the application of information and communication the-
ory to understand biological communication. Such work,
which traces its origins to the very beginning of informa-
tion theory, has attracted recent attention as a result of the
increased interest in computational biology.

• Multi-scale communication refers to communication at
different length scales, and particularly across multiple
scales (for example, nano-to-micro). Very small sys-
tems tend to be multi-scale: for instance, a system of
micrometer-scale robots may have nanometer-scale com-
ponents, and need to communicate across millimeters
or centimeters. Small devices have different communica-
tion capabilities from macroscale systems; for example,
electromagnetic wireless communication requires a far
different approach as compared to conventional systems.
Molecular communication is one solution to the multi-
scale problem, but many others exist (for example, carbon-
nanotube networks).
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Our series, of which this is the first issue, is devoted to the
above three problems, and much more: our vision is to seek new
frontiers for communications beyond conventional electromag-
netism. In this issue, we are pleased to present ten papers, which
represent the high quality of work that is presently occurring
in this field, and divided among our three areas of molecular,
biological, and multi-scale communication.

Seven papers may be viewed as dealing primarily with
molecular communication; these papers span the breadth of
this rapidly growing discipline. In terms of information the-
ory, the paper “Capacity of the Memoryless Additive Inverse
Gaussian Noise Channel” presents an information-theoretic
analysis of a diffusion model, where the first hitting time
is modeled using the inverse Gaussian distribution. In terms
of communication theory, the paper “A Unifying Model for
External Noise Sources and ISI in Diffusive Molecular Com-
munication” gives a unified communication-theoretic model
of interference, both inter-symbol and inter-user; while the
paper “Miniature Devices in the Wild: Modeling Molecular
Communication in Complex Extracellular Spaces” considers
molecular propagation and channel modeling for environments
such as would be found inside the human body. Networking as-
pects of molecular communication are considered in the paper
“TCP-like molecular communications”, where a flow-control
protocol is designed, bearing in mind the limitations and slow
propagation speeds of molecular communication. Molecular
“hardware” designs are also presented: the paper “Receivers for
Diffusion Based Molecular Communication: Exploiting Mem-
ory and Sampling Rate” gives a model for a receiver design,
considering the memory and sampling rate; while the paper “A
Phase Locked Loop for Molecular Communications and Com-
putations” proposes a molecular analog to the phase-locked
loop. Experimental and practical approaches are also presented:
the paper “Channel and Noise Models for Nonlinear Molecular
Communication Systems” discusses a noise model for a “table-
top” implementation of macroscale molecular communication.

Although many of the papers in the molecular communi-
cation area have biological aspects, one of our papers may
be viewed as primarily biological. The paper “A Stochastic
Model for Electron Transfer in Bacterial Cables” considers
communication among bacteria that involves the exchange of
electrons, rather than the exchange of molecules, which is
possible along inter-organism filaments that are produced by
some bacterial colonies.

Finally, two papers are primarily multi-scale. The paper “Ex-
ternally Controllable Molecular Communication,” while deal-
ing partly with molecular communication, presents a method
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for controlling a small-scale system using a macroscale in-
terface, where both the small-scale and small-to-macroscale
communication is molecular. The paper “Optimizing Energy
Consumption at Nanoscale” considers the important problem of
optimal energy consumption in a “nanoscale” network (where
nodes may span micrometers to nanometers).

We were very pleased by the response to this special issue,
and we are looking forward to returning with subsequent issues:
our second special issue is already in the review process, and we
anticipate a third special issue to be announced by the time this
article is published. As a result of the interest we have seen in
our series, and the high-quality work we are able to present in
this issue, we see a bright future ahead for the field of molecular,
biological, and multi-scale communication.
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