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W

e believe that this special issue will serve to increase the
public awareness and foster discussions on the multiple
worldwide BRAIN initiatives,
both within and outside the
IEEE, providing an impetus for development of
long-term cost-effective healthcare solutions. We
also believe that the topics presented in this special
issue will serve as scientific evidence for health and
policy advocates of the value of neurotechnologies
for improving the neurological and mental health
and wellbeing of the general population. Below we
briefly highlight the papers and technologies in this
special issue.
The first paper, “Silicon-Integrated High-Density
Electrocortical Interfaces” by Ha et al., examines the
state of the art of chronically implantable electrocorticography (ECoG) interface systems, as part of the
Brain Research through Advancing Innovative
Neurotechnologies (BRAIN) Initiative, and introduces a novel modular ECoG system using an encapsulated neural interfacing acquisition chip (ENIAC)
that allows for improved, broad coverage in an area
of high spatiotemporal resolution.
The second paper, “Fra mework for t he
Development of Neuroprostheses: From Basic Understanding by Sciatic and
Median Nerves Models to Bionic Legs and Hands” by Raspopovic et al., focuses
on a novel, less invasive or intrusive neural prosthesis design by optimizing the
neural interface geometry and the number of stimulating contacts for any

specific nerve. The results suggest
that this type of stimulation could be
used in humans for testing of afferent stimulation pa radigms a nd
could provide a procedure for reliable chronic
implants.
The third paper,
“Stable Detection of
Movement Intent From
Per ipher a l Ner v e s:
Chronic Study in Dogs”
by Dweiri et al., emphasizes the need for intuitive control of highd e g re e - of-f re e d om
prosthetic limbs. It proposes a detection
method for fascicularlevel neural activity
under freely moving
conditions that avoids
compromising the
peripheral nerves by using flat interface nerve electrodes (FINEs). The
results from this paper suggest that the
incorporation of FINE into intuitively
controlled advanced prostheses could
produce more lifelike prosthesis control and enhance patient quality of life.

The papers in this
special issue highlight
the development of a
broad set of novel
neurotechnologies for
experimentally
probing, stimulating,
and mapping the
structure and function
of the brain and
emphasize the clinical
implications of these
recent technological
advances.
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The fourth paper, “A Nonhuman
Primate Brain–Computer Typing
Interface” by Nuyujukian et al., discusses the feasibility of using brain–
computer interfaces (BCIs) as communication interfaces for communication
neural prostheses, and compares two
high-performing BCI decoders in a
typing task simulation. The results
include reaching the highest known
achieved communication rates using a
BCI and determining the upper limit
of achievable typing rate for a given
BCI throughput.
The fifth paper, “Reliable NextGeneration Cortical Interfaces for
Chronic Brain–Machine Interfaces
and Neuroscience” by Maharbiz et al.,
discusses recent advances in neurotechnolog y developed at t he
University of California Berkeley,
including ultrasmall, ultracompliant
implantable recording technology, as
well as active devices which enable RF
coupling, front-end amplification, and
transcranial communication. The
paper also postulates a vision for
future neural interface systems, highlighting the key features that will provide the most significant advancements in neuroscience and neurology.
The sixth paper, “Fusing Multiple
Neuroimaging Modalities to Assess
Group Differences in Perception–
Action Coupling” by Muraskin et al.,
investigates brain behavior relationships using novel machine learning
methodologies and neuroimaging

technologies. Specifically, it shows the
efficiency of multimodal neuroimaging technologies to identify structure
and function of brain networks that
clearly differentiate groups of subjects
based on their level of expertise in a
real-world rapid decision-making task.
The seventh paper, “Let There Be
L i g ht– O p t o p r o b e s f o r N e u r a l
Implants” by Alt et al., provides an
overview of optoprobe technology
and its application to chronic neural
implants. It also provides a previously undefined context of the state
of the art of customized optoprobes
for optical neural interfaces.
The eighth paper, “Advances in
Two-Photon Scanning and Scanless
M i c r o s c o p y Te c h n o l o g i e s f o r
Functional Neural Circuit Imaging” by
Schultz et al., provides an overview of
recent advances in neural circuit imaging technologies, including the resulting technical challenges of signal processing and data analysis tools. It also
discusses the requirement of scalable
analysis tools to handle spatiotemporal
or spatial neural activity patterns.
The ninth paper, “Implantable
Microimaging Device for Observing
Brain Activities of Rodents” by Ohta
et al., discusses three categories of
implantable microimaging devices
for observing small animal brain
activity. It highlights the ultrasmall
image sensor category for its ability
to explore deep brain activity under
freely moving conditions.

Challenges and Opportunities
The focus of the BRAIN Initiative is
not only on technology per se, but
also on the development and use of
tools for acquiring f undamental
insight about how the nervous system functions in health and disease,
in other words, developing experimental and computational tools for
integrating physiology, anatomy, and
behavior. This will require developing technologies and experimental
techniques that enable observation
and perturbation of complete, functionally relevant neural circuits,
including clearly defined input and
output neurons, during behavior and
learning, and scalable to large-scale
neuronal networks across species. A
cha llenge will be to ta ke these
experimental observations and use
them, in conjunction with computational analysis and theory, to infer
functional circuits that span multiple scales of the brain’s organization. In addition to understanding
the healthy and diseased brain, this
fundamental knowledge of circuit
function will be potentially crucial
for developing a next generation of
neuroprosthetic technologies to
restore and/or enhance cognitive,
m ot or, a nd s en s or y f u nc t ion ,
improving the quality of life of both
the disabled a nd neurologica lly
healthy populations, resulting in tremendou s so c ia l a nd e conom ic
impacts. 
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