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EXISTING: Intuitive
motor control from the
brain to the prosthesis

MISSING: Sensory
feedback from the
prosthesis to the brain

Courtesy of Otto Bock ®
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System

* Distributed pressure sensors
* Embedded electronics

* Feedback

Applications
* Upper limb amputees
* Post stroke patients



System
*Distributed pressure sensors
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System

‘Embedded electronics
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Based on: |- Analog-to-digital converter (DDC232)
3cm 2- Low-power ARM cortex-M0 microprocessor

Sampling rate :2 kHz

5cm
DDC232
Power consumption: 300mW
Offset
Sensor Circuit
Socket
Number of Channel: 32 input channel
IE-Top
Palm2
2l ey
uUsB Flat N2 _'
. R cable cables W VL
LabVIEW
: A Sem
Visualization
Interface Electronics
* Locationand level of touch *  Sampling rate: 2 Ksamples/s e

+ 32 channels (sensors) Sensory arrays

Images credit: Yahya Abbas, Ph.D. student, COSMIC Lab., University of Genova



Embedded and real time management of tactile data

Force - shape
reconstruction

—.

Solids mechanics
approach
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(SENSOR GRID) FORCE GRID CONTACV'IW'VSHAPE

Contact detection + location
feature extraction

—.

Tensor-based ML approach

INTERFACE
ELECTRONICS

(local features extraction decreases amount of data to be transmitted to high levels)
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System
*Distributed pressure sensors

*Embedded electronics
*Feedback




e cortical neural interfaces that record and
stimulate neurons directly in the brain

* interface with the peripheral nervous system:

* through the intact skin of the amputee’s
residual arm e.g. electrocutaneous
stimulation

or

* through the sensory nerves with electrical
stimulation e.g. implanted electrodes
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Example of electrocutaneous stimulation patterns
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FIGURE 2 | Temporal activation of elestrodes in the four electrotactile codas with the time on the x-axis (= = stimulation time) and the skctrode state 0 — non-active,
1 — active] on the y-axis. In this example, six dectrodes were astivated.
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v Low cost
. Frequency 1-400Hz
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Applications
* Upper limb amputees

19



H2020 Tactility project: Tactile feedback enriched interaction
through virtual reality and beyond (2019 -2022)
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Image credit: Yahya Abbas, Ph.D. student, COSMIC Lab., University of Genova



B ‘Silicone liner
7" recording and stimulation
i : Electrotactile

7 Myoelectric feedback

Artificial skin  control
lactile sensing

Lucia Seminara, Matija Strbac, Youssef Amin, Maurizio Valle, Strahinja Dosen, “Artificial Skin and Electrotactile Stimulation for
Advanced Tactile Feedback in Myoelectric Prostheses”, in Electronic skin: sensors and systems, Ali Ibrahim aand Maurizio Valle (Editors),
River Publisher, 2020
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Applications

* Post stroke patients
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