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Neural Engineering

= Neural engineering (also known as neuroengineering) is a
discipline within biomedical engineering that uses engineering
techniques to understand, repair, replace, or enhance neural

systems.

= Neural engineers are uniquely qualified to solve design
problems at the interface of living neural tissue and non-living

constructs (Hetling, 2008).
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= The field of neural engineering draws on the fields of
computational neuroscience, experimental neuroscience, |
clinical neurolo?_y, electrical engineering and signal processing
of living neural tissue, and encompasses elements from | BinHe Editor
robotics, cybernetics, computer englneerlng, neural tissue
engineering, materials science, and nanotechnology.

= Prominent goals in the field include restoration and
au?mentatlon of human function via direct interactions
between the nervous system and artificial devices.

'Engineering

’ Second Edition

= Much current research is focused on understanding the coding
and processing of information in the sensory and motor |
systems, quantifying how this processing is altered in the
pathological state, and how it can be manipulated through
Interactions with artificial devices including brain-computer
interfaces and neuroprosthetics.
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= Other research concentrates more on investigation by
experimentation, including the use of neural implants
connected with external technology.

B Fundamentals of neuroengineering



Tom Mortimer
Case Western

These technologies are already helping
disabled people and more can be achieved

in the near future
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- After the Second World War two stealth plains have
been found...how to repair the not functioning one
: trying to understand how the working out can

function
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=FL Motor Neuroprosthetics ’
Brain decoding

RN

500 0 500 1000

prrrgpraayg (N

-500 0 500 1000

RN RN R

-500 0 500 1000

b

500 0 500 1000

500 0 500 1000

1
-500 0 500 1000 500 O 500 1000

500 0 500 1000

Onset of
movement

B Fundamentals of neuroer



=PrL

Motor Neuroprosthetics

Peripheral decoding

° GUl instruction
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° Decoding output

Decoded motor ’]-H
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Implantation level

° Neural decoder

e Neural Recorder

Hardware
! filtering and
amplification

Four implanted intrafascicular electrodes

4TIMEs x 14 Active sites = 56 ENG channels

o Neural activity recording (ENG) l
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Neural drive
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The Freehand System by NeuroControl Corporation
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EXTRINSIC MUSCLES
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Computational models ;
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- Deep Brain Stimulation

Maskdike fackes

_ DEEP BRAIN
STIMULATOR LEAD

ELECTRODES
SUBTHALAMIC NUCLEUS
SUBSTANTIA NIGRA

CONNECTIVE WIRES

PACEMAKER

e GPi: internal
globus pallidus

e GPe:external
globus pallidus

e STN: subthalamic
nucleus

e SMA:
supplmentary
motor area

e SNr: substantia
' nigra
e VL: ventrolateral

AN 3 Substantia nigra nuCleuS Of the
thalamus
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Deep-brain
stimulation
* Alzheimer’s disease
* Parkinson’s disease
* Diabetes
oY Yagus nerve stimulation
: Inflammatory bowel disease E I L PV \c
H i ati )
— +Ashma ectric Cures
. * Diabetes Bioelectronic medicine cotild create
: Dnbets « Obesity an “off switch” for ar}ﬁritis,
* Hepatitis 2 diabetés,\even cander
Splenic nerve 7 A
» Cancer | 1
stimulation |
+ Chronic fatigue
* Rheumatoid

Splanchnic nerve

stimulation

* Inflammatory
bowel disease

* Irritable bowel

« Irritable bladder

* Cancer
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=PFL  Wearable sensors
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High-sensitivity & low-hysteresis sensor array

Soft substrate
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Visual Prostheses

fixation of the cable
at the exit point

intraocular cable

microphotodiode

DS-electrodes

bioinspired
encoder

=@ CORTIVIS
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intracortical
electrodes
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=PFL - Cortical non-invasive
heuromodulation

TRANSCRANIAL DIRECT CURRENT STIMULATION

Some studies show that stimulating the brain with electricity can immediately boost memory, focus, energy,
and vigilance. Researchers say that it also shows promise as a means of treating drug-resistant mental illness
like depression, as well as conditions like epilepsy and chronic pain. Here's how it works:

WIRES
Two electrodes can provide
ANODE e different types of stimulation,
The anode, or positively charged depending on where they are
electrode, can stimulate neuronal placed. Together, they make
activity in different parts of the a complete circuit.
brain.
DEVICE
A battery-powered device
CATHODE delivers a constant

electrical current of up to
2 mA (milliamperes).
Researchers have
demonstrated that it's
safe to apply this much
current for up to 30
minutes a day. DIY brain
stimulators frequently use
a9-volt battery as a power
source.

The cathode, or negatively charged
electrode, can inhibit brain-cell
activity.
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Source: Wright State Research Institute, Johns Hopkins Medicine BUSINESS INSIDER
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REACHING TASK




=PFL - How to design a sensory-motor

neuroprosthesis?

= Start from natural neural control of
movement

= Try to replicate it
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Nature Reviews | Neuroscie

nce

18



=PFL - How to design a sensory-motor
neuroprosthesis?
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How to design a sensory-motor

neuroprosthesis?
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Motor decoding

Understand the intention of the subject: grasping task? Locomotion speed? Etc.

Interface with the neuromuscular system to record electrophysiological or kinematic
signals

Hardware to process the signals recorded

Software to process the signals recorded

22
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Movement restoration

Restore specific movements impaired by neurological disorders or traumatic injuries

B Fundo—r-min!s ~f moriennmsinaadin~

Use the motor intention detected to control the different actuation systems

Restore movements using robotic systems

Restore movements using electrical stimulation (muscle activation)

23
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Restore the possibility to gather information about the world and the subject:
touch? proproception? Temperature? Etc.

Artificial sensors to record information about the world and the subject

Software to translate the artificial sensory information into electrical stimulation
parameters

Hardware to stimulate the nervous system or the skin

Interface with the neuromuscular system or the skin to deliver the artificial sensation
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Examples of Neuroprostheses

Priprioception via
sensory remaping
Tactile feedback

somatotopic

Utah slant electrodes
arrays implanted in

the median and ulnar
nerve

ey r

Neural interface
processor

8 IEMGs, with 4
electrical contacts

Kalman filter on
mean emg features

A

Contact sensors

DEKA LUKE arm

[George, 2019]
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Examples of Neuroprostheses

Touch event decoded ’ Binary control
from the UEA in M1

2x32- channel
UEA in M1

SVM decoding of
mean wavelet
power

v
Vibrators

.......

-«

N <

Multichannel FES
[Ganzer, 2019]
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ZPFL Reusing (DEL-FEL)

Utah Array
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Motor (cortical) decoding

Sensory (cortical) feedback

SLANTED Utah Array

Motor (peripheral) decoding
Sensory (peripheral) feedback
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Time Update
(prediction)

1 Project the state ahead

X, = Ax, _ | +Bu,

2 Project the error covariance ahead

p L
Fo= AP, JAT%0

T #__—

The outputs at k will be the input

Initial estimates
atk=0
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Kalman filter
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Reusing (DAL)

Measurement Update
(correction)

EEG
el
BN

1 Compute the Kalman Gain

Intracortical
recordings
< >

K, = P,H'(HP,H" +R) AANE2IN)
Ly s J Nerve
2 Update the estimate via z, \v;: = recording EMG
1 ECo

3 Update the error covariance

Py = (I-KH)P,

for k+1

Decoding motor commands
from cortical and peripheral

signals
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Exploiting modularity

How to restore
bidirectinal sensory-
motor control

In people with shoulder
amputation?
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