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FROM THE EDITOR
Christian Jutten  |  Editor-in-Chief  |  Christian.Jutten@grenoble-inp.fr 

This issue of IEEE Signal Processing 
Magazine is mainly focused on neuro-
rehabilitation and assistive technolo-

gies. For a few decades, microelectronics, 
signal processing, robotics, and computer 
science have been the driver of many sci-
entific and technological advances, with 
applications in many domains, includ-
ing health. 

This is quite clear when considering 
the fast evolution in medical imaging, 
robotics for computer-assisted medical 
and surgical interventions, brain–com-
puter interfaces (BCIs), noninvasive 
brain stimulation, neurofeedback, and 
the control of limb prostheses, to cite 
only a few examples. The main appli-
cation domain covered by this issue is 
related—but not limited—to the social 
fact of the increase in the population of 
the elderly, who suffer from a loss of mo-
bility and autonomy as well as neurode-
generative disorders.

Based on advances of the last de-
cades, the articles in this special issue 
show how new sensors, devices, and 
signal processing methods can finely 
analyze and use biological signals like 
electroencephalograms (EEGs) and 
electromyograms (preferably based on 
noninvasive recordings) for treating 
patients with different health issues, 
e.g., neural disorders or controlling a 
prosthesis. In addition, new embedded 
and wearable devices allow patients 

to safely stay at home with continuous 
monitoring of their health state, with the 
data directly sent to their physician or 
hospital. Many of the existing methods 
are still in their infancy, and they open 
wide perspectives for human benefits as 
well as, especially, the elderly and those 
with amputations. 

Finally, very efficient signal process-
ing and machine learning algorithms 
can now be run in real time and extract 
relevant and accurate information about 
brain activity, even from scalp EEG re -
cordings. This opened the way for BCIs, 
which constitute a hope for people 
with serious motor 
disabilities, to help 
them recover mobility 
and communication. 
BCIs can also be used 
through neurofeed-
back for training the 
brain; there are already 
preliminary results 
for children with autism [1] and patient 
rehabilitation after a stroke [2]. 

However, simpler and more efficient 
solutions could be obtained by using sen-
sors closer to the source, e.g., an intracor-
tical sensor. There is a great temptation 
to use invasive devices for objectives that 
are not always humanistic.

In fact, these new methods also 
arouse important societal concerns, in-
cluding privacy, reliability, equality in 
access to care, and ethical issues. Many 
of these devices directly send personal 
data via Wi-Fi and the Internet. Data 

privacy is, then, not guaranteed to be 
preserved, and there is a risk that mali-
cious people could profit from security 
gaps by publishing private data or hack-
ing health data servers. During the last 
year and because of the COVID-19 pan-
demic, which implied increased use of 
the Internet for so many things, hospi-
tals have been facing a growing number 
of cyberattacks with ransomware.

On the other hand, the efficiency of 
wearable devices requires fast and reli-
able communication with the hospital. 
Therefore, these advances in health can-
not be possible for patients with a weak 

Internet connection, 
e.g., those living in 
a small isolated vil-
lage or with low fi-
nancial incomes.

Finally, the data 
are sent to physicians 
and medical centers 
to use them to make 

an early diagnosis. However, if a serious 
problem occurs, there is currently no di-
rect feedback or action for taking care of 
patients, except to tell them to come ur-
gently to their physician’s office or hos-
pital. Therefore, research for being able 
to remotely provide the first vital aid in 
such situations seems essential.

Beyond scientific issues, researchers 
must be careful about the future use of 
such technologies, which surely provide 
efficient solutions and imply hope for 
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These new methods also 
arouse important societal 
concerns, including 
privacy, reliability, equality 
in access to care, and 
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then transduced by an analog-to-digital 
converter into a series of spike patterns 
spaced in time and transmitted across 
a conductive material such as a metal 
wire. “Each sensor node has a differ-
ent spike pattern that identifies them, 
like a signature,” Tee says. “These spike 
signatures are then summed together in 
time with spike signatures from other 
sensors using a summing amplifier.”

The summing process, Tee notes, 
is entirely asynchronous, without any 
need for an arbiter or master clock. At 
the receiver end, a digital input port 
deconvolves the spike patterns and maps 

out the spatial temporal nature of the 
mechanical stimuli, he explains. “The 
magnitude of the stimuli is encoded in 
how fast these spike signatures are gen-
erated, similar to how skin tactile recep-
tors encode mechanical stimuli,” Tee 
says. An artificial intelligence algorithm 
at the receiver helps to determine the 
object’s mechanical properties by learn-
ing from the various spike patterns.

Tee reports that the project is now 
at the implementation and proof-
of-validation stage. “Packaging our 
system into the right format for users 
that’s robust to external electromag-

netic interference is something we are 
working toward,” he says. “We have got-
ten very good results in our recent efforts 
with integration in robotic arms—the 
next phase is to test our sensors on real 
humans, performing tasks with the sen-
sorized prosthetic hands.”
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patients and people’s wonder. However, 
some of these technologies, e.g., arti-
ficial intelligence and BCI, have been 
also adopted by people for promoting a 
school of thought called transhumanism. 

I believe that we, as scientists, must 
pay attention to abusive and danger-
ous uses of the technologies that we are 
developing. We can agree to use invasive 
implants to treat people with serious neu-
ral disorders so that they recover a “nor-
mal” capacity; we can also promote using 
neurofeedback for training the brain. 

However, I believe it is unacceptable to 
promote the use of neural implants for 
healthy persons to improve their intel-
lectual capacity. In fact, can you accept 
becoming a connected human? Are you 
confident enough in the company that 
will control your implant? Who will 
decide the release of your implant?

Yes, we scientists have to promote 
rehabilitation and assistive technologies 
for patients and the elderly. No, aug-
mented humans must not be a target for 
scientists. On the contrary, we scientists 

have to fight against the crazy and dan-
gerous drifts of science.
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We want 
to hear 
from you!

Do you like what you’re reading?    
Your feedback is important.  
Let us know—send the editor-in-chief an e-mail!  IM
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