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Processing Magazine (SPM) editorial

without acknowledging the presence
of COVID-19. I write this editorial from
my home office, with a stay-at-home or-
der in effect in Austin. The University of
Texas at Austin, like many universities,
extended its spring break and then told
students to not come back to campus.
As others are, I am working to have
impactful remote teaching, as well as
adjusting to the new realities and its
influence on continuing research and
service. I am fortunate to have my own
computer and a reliable Internet con-
nection at home, not to mention access
to water and electricity (which makes
working at home more difficult for
many around the world).

With so much time at home, I have
been thinking about the different ways
that signal processing may contribute
during this pandemic. Many technical
committees are involved in applications
of signal processing to the medical field,
most prominently the Bio-Imaging and
Signal Processing Technical Commit-
tee. Medical applications, though, are
found in most of the other technical
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committees in some form.

The direct application of signal pro-
cessing to virology is already starting
to happen. For example, consider the
work by SPM Area Editor Dr. Matthew
McKay. A few years ago, he conducted
a research stay at the Massachusetts
Institute of Technology in the Institute
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for Medical Engineering and Science,
to study computational immunol-
ogy. This led to several publications
where signal processing tools, such
as random matrix methods, sparse
principal component analysis, and
graphical modeling, are used to pro-
vide new vaccine designs for HIV and
the hepatitis C virus. Most relevant
to current events, Dr. McKay and
his team published
a paper in the jour-
nal Viruses that uses
genetic data of the
COVID-19 virus, to-
gether with previ-
ous experimental
data for the 2003 SARS virus, to id-
entify parts of the COVID-19 viral
proteins for which an effective immune
response may potentially be mounted,
thereby providing early recommenda-
tions for COVID-19 vaccine design
[1]. This is just an example of which I
am personally aware, as Dr. McKay is
also a long-time collaborator of mine.
We are not all fortunate enough to
have the right experiences to make direct
contributions to virology or the myriad
health-care applications using imaging,
speech, sensing, or machine learning.
With this in mind, I have been thinking
about signal processing’s role in com-
munications and networking. In short, I
believe that research into wireless com-
munications is going to reignite. Yes, I
know you might be skeptical since I was
a coauthor of an article predicting the
demise of research in the physical layer
of communications [2], published just

1o reignite.
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In short, | helieve that
research into wireless
communications is going

before the field was reinvigorated by
massive multiple-input, multiple-output
(MIMO) and millimeter-wave MIMO.

Everyone is being reminded about
the relevance of wireless communica-
tions. Internet access is enabling many
in the world—like engineers—to work
remotely. Most of that access happens
through either a wireless local area net-
work connected to a modem providing
Internet access or
through a cellular
network. Many of
us are depending on
wireless communica-
tion to continue with
our jobs and stay
connected to our loved ones. The cur-
rent environment shows the relevance of
communications and the tangible bene-
fits that may result from further develop-
ments in the technology.

In my May 2019 editorial [3], I
reviewed key features that motivated
the developments of 5G. Some of the
objectives for 5G were higher data
rates and lower latency. Other objec-
tives were related to 5G’s support for
new industry verticals like automotive,
factory of the future, and of special
relevance e-health. I also argued in [3]
that all of the goals of 5G were not met,
and that motivated the development of
6G cellular systems. It is useful now
to reflect on some of the features, ob-
jectives, and industrial areas given the
current environment.

Ubiquity is not just a fashionable
word to decorate an introduction. In the
last 20 years, many papers motivated



research on 4G and 5G wireless com-
munications using the term ubiquitous
communication. It became a popular
phrase for abstracts and introductions.
At some point it seemed to be overused,
and I banned my students from using
it in their papers. I note though, from
IEEE Xplore, that seven of my papers
and articles slipped through the cracks
and still used the word ubiquitous,
not counting this editorial. Of course,
it seems that more than 77,000 other
papers have used the phrase in IEEE
Xplore, so maybe now it is a common
and accepted term.

In the context of cellular systems,
ubiquitous meant having a good cellular
connection everywhere—both indoors
and outdoors—for all people and de-
vices that want to connect. A commu-
nications engineer would refer to this
as good coverage. This is important in
the current environment for remote
work, study, socializing, and health
monitoring. To have
as little disruption as
possible, the cellular
connection must be
available everywhere
it is needed. At least
in my experience,
ubiquitous communication is still far
from reality. In some cases, the reasons
are based on physics, like penetration
losses through concrete walls. In these
situations, more base stations, access
points, or relays are a natural solution.
In other cases, the reasons are based
on the limitations of the cellular tech-
nology to serve as many users/devices
needed in a given cell at the target
quality of service levels needed by
those devices. Further research in sig-
nal processing, communications, and
circuits is vital here for increasing the
number of users and the amount of
spectrum that can be supported.

High data rates are an important part
of ubiquity. In the current environment,
higher data rates make it easier for video
calls, remote meetings, access to cloud
storage, and to stream media (to be en-
tertained after work is done for the day).
Low latencies are also relevant for two-
way communication to maintain natural
pauses when interacting with people.

Telemedicine is one
important application that
is supported hy wireless
communication.

E-health has many relevant applica-
tions to the world of COVID-19. The
phrase e-health was a catch-all for the
many medical applications most un-
foreseen for 5G, from telemedicine to
robotics assisted living. One of the most
popular examples of 5G-supported
health-care applications was remote
surgery. It was imagined that a doctor
could control a remote surgical robot
that is hundreds or thousands of kilo-
meters away. In a talk, discussion of this
application area was often followed by
the joke that “as a wireless engineer, I
would never allow a doctor to operate
on me using wireless.” With the prev-
alence of quarantine and social dis-
tancing though, e-health may be the
most important and underappreciated
of the imagined 5G applications.

Many of us failed to realize the
challenges surrounding contagious
diseases like COVID-19. In the hospi-
tal, it remains critically important to
isolate the practitio-
ners from the patients
to keep staff well and
to prevent cross con-
tamination between
patients. Outside the
hospital, patients who
are infectious but have mild symptoms
need to be isolated at home from other
household members. Wireless com-
munication can play a role that re-
duces contact.

Telemedicine is one important ap-
plication that is supported by wireless
communication. With telemedicine,
practitioner visits happen remotely,
typically via video chat. Telemedicine
could be applied in hospitals to reduce
contacts during a well-check or as a
means to cope with limited numbers
of beds. It also helps in keeping infec-
tious patients with mild systems out of
the hospital. Naturally, high data rates
and ubiquitous service are needed for
telemedicine to approach the in-per-
son experience.

Sensing, which also leverages signal
processing, could be part of an e-health
system. Imagine a telemedicine access
point with sensors could be used to aid
remote diagnosis and monitoring. Ex-
amples of candidate sensors include
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microphones, cameras, temperature
sensors, infrared sensors, or radars,
among others. Machine learning could
be used to process this sensor data and
detect when patients have a temperature,
are sleeping well, or how they are walk-
ing. Affective computing could be used
to detect and monitor emotional state.

Automation may be more than just
a means to improve lifestyle. Beyond
e-health, two other notable application
verticals considered in the development
of 5G and were automotive and facto-
ries. Both applications have automation
as a common theme.

In the automotive case, connectivity
like 5G has been proposed to support
advanced driver assistance systems and
driverless vehicles. Such systems are
made possible thanks to many develop-
ments in signal processing including
sensor fusion, positioning, and machine
learning. A number of applications have
been envisioned for vehicular systems
(some already realized) including for-
ward collision warning, blind-spot
warning, self-parking, and platooning. I
think, though, that most of us did not
think about automotive applications
during work-at-home orders.

There are many ways that advanced
automotive systems could be used dur-
ing a pandemic. Robotic ambulances
could transport patients to hospitals.
Robotic delivery vehicles could drop
groceries at the doorstep, make meal
deliveries, or facilitate transport of
medical samples or supplies. These ap-
plications reduce the exposure risks for
human drivers as well as the end cus-
tomers. Of course, the details of proper
cleaning and sanitation would still need
to be worked out. In any case, automo-
tive systems can have important appli-
cations in emergency scenarios and are
not just a means to facilitate naps while
commuting in the car.

Factory automation principles may
not just be for factories. Much of the
discussion about factories of the fu-
ture in the context of 5G was directed
toward factories full of robots. The use
of wireless communication facilitates
rapid reconfiguration, which makes
smaller manufacturing jobs more fea-
sible. In the most elaborate of such



visions, all of the robots were connected
and controlled by a centralized con-
troller eliminating much of the need
for human operators. In many factories
at present, humans

tions for our professional and personal
lives. We are also more acutely aware
of the benefits of advanced wireless
technology and the limitations of the

technologies we have
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operation and remote
presence are interest-
ing to facilitate working from home.
Virtual reality could be used to give
workers an immersive view of produc-
tion in the factory. I believe that facto-
ries present many particular challenges
related to the combination of high data
rates and low latencies.

Let me finish with a short summary.
Many of us have been reminded about
the importance of wireless communica-

been developing to
support many dif-
ferent applications. Much of that vision,
though, was not crafted with a pandemic
world view in mind. E-health may turn out
to be a critical underappreciated applica-
tion that needs more attention. Further,
other applications of automation should
be viewed again through a new lens to see
how they can support the e-health appli-
cation. Wireless communications can be
better. In the coming years, I think we will

see an increase in research support for sig-
nal processing for communications as the
recognition of the relevance of this works
becomes widespread in the world.

References

[1] S. F. Ahmed, A. A. Quadeer, and M. R. McKay,
“Preliminary identification of potential vaccine tar-
gets for the COVID-19 coronavirus (SARS-CoV-2)
based on SARS-CoV immunological studies,”
Viruses, vol. 12, no. 3, Mar. 2020. doi: 10.3390/v12030254.

[2] M. Dohler, R. W. Heath Jr., A. Lozano, C.
Papadias, and R. A. Valenzuela, “Is the PHY layer
dead?” IEEE Commun. Mag., vol. 49, no. 4, pp. 159—
165, Apr. 2011. doi: 10.1109/MCOM.2011.5741160.

[3] R. W. Heath Jr., “Going toward 6G,” IEEE Signal
Process. Mag., vol. 36, no. 3, pp. 3—4, May 2019. doi:
10.1109/MSP.2019.2899083.

THE IEEE APP:

Lets stay
connected...

o GETToN
L” Google Play

Stay connected by discovering the
valuable tools and resources of IEEE:

recommendations

Schedule, manage,
or join meetups virtually

IEEE magazines

I5 (I 6] © Be

2¢% Locate IEEE members by location,
@D interests, and affiliations

Download Today!

Create a personalized experience

Get geo and interest-based

Read and download your

Stay up-to-date with the latest news

<IEEE

Why us:

@ Magic Data

Training Data for Machine Learning
Magic Data Technology is an One-stop Al Data Service
Solution provider. We are committed to providing a wild
range of data services in the fields of automatic speech
recognition (ASR), text to speech (TTS), computer vision
recognition and Natural Language Processing (NLP).

V' Efficiency: Human-in-the-loop data processing,
300,000+ professional annotators around the world

v Pioneering: Task-segmentation process and strict
project management; innovative data tool software

v Quality: Our value proposition is 97%-99% quality,
speed and scale (50+ languages covered)

v Professional: Multilingual & Multidomain;
100,000+ hours of data acquisition and annotation;

Two types of service:

v~ Over 100,000-hour self-owned copyright training
data sets for building Al models quickly

v Customized data service solutions, including
design, collection, annotation and processing.

Website: http://en.imagicdatatech.com
Linkedin:https://www.linkedin.com/company/magicdata
Business contact: +86 10-85527250
business@magicdatatech.com

IEEE SIGNAL PROCESSING MAGAZINE | May 2020 |




