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Fondazione LINKS

2

LINKS Foundation  is an instrumental body of
Compagnia di San Paolo and operates as an 
instrumental body of Politecnico di Torino

LINKS Foundation, a central node of the Turin research and innovation 
ecosystem, operates in a consolidated international network with the 
aim of contributing to technological and socio-economic progress 
through cutting edge applied research projects.
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LINKS Foundation – 5 Research Domains
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B-CRATOS project

“B-CRATOS overcomes technological barriers of wireless brain ↔machine ↔ body 
communication, and represents the beginning of a paradigm shift in how signals can be 
sent to restore function and empower individuals” 

(Robin Augustine, B-CRATOS coordinator)

Societal challenge: 

“Amputees tend to discard their prosthetic extremities as they are not integrated to 
the person’s cognition”
(Prof. John Donoghue, Brown University)

This project has received funding from the 
European Horizon 2020 R&I program under 
grant agreement N°965044.

March 2021 – February 2025

FET-OPEN 4.7M EU funding

Partners from 5 countries 

Coordinated by University of Uppsala
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Consortium

• 7 Excellent partners (1 SME, 3 research institutes and 3 Universities)

• Scored 4.95/5 and ranked 10 among 58 funded projects

• Most funded project (4.59 M Euros for 4 years) in FET Open 2020

• FET Open success rate (2020) around 6.6%

B-CRATOS project
Consortium
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https://www.b-cratos.eu/video/
“Next Generation BCI Needs and Potential”
by Dr Paul Wanda - Blackrock Microsystems Europe
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What is a BCI?
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Why focus on neural devices?
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What would we like BCI do? 
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What can modern neural implants / BCI do?
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What are the limitations and challenges?
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What does B-CRATOS expect to address?
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Overview of the project
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Brain interface

➢ Power and data exchange between a readout brain implant and the external system.

➢ Battery-less readout of high-bandwidth cortical signals and low-latency stimulation control.

Readout of neural inputs to be sent to 
the robotic hand

Stimulations readout 
from the artificial 
skin (robotic 

hand)

Electrode array
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Neural decoding

From [C. Pandarinath and S. J. Bensmaia, “The science and engineering behind 
sensitized brain-controlled bionic hands,” Physiol. Rev., vol. 102, no. 2, 2022].

GOAL: translate the signal from brain implants into 
commands for a prothesis
Main steps:

• Brain electrodes pick up analogue signals from large neuron 
populations.

• Post-processing is applied to identify individual neurons and to 
convert the signal to “spike-trains”: multi-channel time series of 
binary data.

• Decoding algorithm is applied to convert the signal to command 
for the prothesis.
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LINKS computational module
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LINKS computational board should

• Translate motor cortex signal into commands for MIA Hand

• Read eSkin signal and encode feedback for sensory stimulation

• Collect data for online training of the ML/DL model on HPC infrastructure

• Work with low power supply ~5W
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LINKS computational module
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Main challenges:

• Perform multiple real-time tasks with low power consumption

• Implement large DL models on small devices
• Go beyond well known decoding tasks  → needed to move the effort of learning from the patient to 

the ML/DL model
• i.e. reuse model between trials  → unsupervised (re-)training
• i.e. reuse model across individuals

• Implement functional brain-based control loops
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LINKS computational module
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Fat Intra-Body Communication (Fat IBC)

Asan, N.B., et al., “Characterization of the fat channel for intra-body communication at R-
band frequencies”, Sensors, vol. 18, no. 9, 2018.

Tissue 𝜺𝒓 𝝈 (S/m)

Skin 38.57 1.58

Fat 5.328 0.11

Muscle 53.29 1.82

• Fat intra-body communication (Fat-IBC) is an innovative 
technique that exploits the very low electrical conductivity 𝜎 of 
the fat tissue layer as a channel for electromagnetic signals [1,2]

• This technique is really promising for the implementation of 
wireless, in-body, Brain-Machine-Body connectivity.

[1]  N. B. Asan, D. Noreland, E. Hassan, S. Redzwan Mohd Shah, A. Rydberg, T. J. Blokhuis, P.-O. Carlsson, 
T. Voigt, and R. Augustine, Healthc. Technol. Lett., vol. 4, no. 4, 2017.

[2]  N. B. Asan, C. Pérez Penichet, S. Redzwan Mohd Shah, D. Noreland, E. Hassan, A. Rydberg, T. J. Blokhuis, 
T. Voigt, and R. Augustine, IEEE J. Electromagn., RF, Microw. Med. Biol., vol. 1, no. 2, pp. 43-51, 2017.
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Fat Intra-Body Communication (Fat IBC)

PHANTOM EX-VIVO

L = 20 mm
L = 40 mm
L = 60 mm
L = 80 mm
L = 100 mm

Simulation
Measurement

PHANTOM EX-VIVOSimulation

Asan, N.B., et al., “Data Packet Transmission Through Fat Tissue 
for Wireless IntraBody Networks”, IEEE J. Electromagn. RF Microw. 
Med., vol. 1, no. 2, 2017.

Transmission coefficient

Porcine 
belly tissue
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Fat Intra-Body Communication (Fat IBC)
Antenna and circuitry design

TX/RX 
antenna

TX/RX 
antenna

TX/RX 
antenna

TX/RX 
antenna

skin
fat

muscle

• The communication between the antennas occurs in the subcutaneous fat 
layer (Fat-IBC) exploiting the very low electrical conductivity of the fat 
tissue layer (𝜎 = 0.11 S/m).

• For the realization of a demonstrator in the context of B-CRATOS, “not 
implantable” antennas will be designed and optimized.

Implantable 
scenario

Mandal, B., et al., “Low Profile Implantable Antenna for Fat Intra-Body 
Communication”, EUCAP 2020.

𝑑

3-5 mm
2 mm
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𝑓 = 2.44 GHz
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Fat Intra-Body Communication (Fat IBC)
Antenna and circuitry design

• Epidermal (external) antennas are considered for non-invasive 
testing on Non-Human Primates (NHPs)

• Not trivial antennas must be designed to favor the electromagnetic 
coupling in the subcutaneous fat layer

Gaffoglio, R., et al., “Pixel Optimization via Genetic Algorithm of a Flat Epidermal 
Antenna for Fat Channel Communication”, EUCAP 2022.

Patch antenna 
optimized 
with a GA
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Fat Intra-Body Communication (Fat IBC)
Antenna and circuitry design

Isolines of |𝐄|2 on the y = 0 plane
𝒅TX RX Proposed antenna link

Printed dipoles without metal coverage (for comparison)antenna substrate

coupling brick
30

ground patch [mm]

metal coverage
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Design proposed by LINKS:

• dielectric brick to favor the EM coupling in tissues
• metal coverage around the brick to minimize the EM 

propagation through the air and demonstrate the Fat IBC
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Fat Intra-Body Communication (Fat IBC)
Antenna and circuitry design

Biomedical 
Signal

ADC Modulator
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Received 
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Modulation/demodulation 
electronics needed to carry/read 
the information on/from the 
propagating signals

The subcutaneous fat layer 
serves as communication 
channel
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Phantoms fabrication at the 
Uppsala University

Tx/Rx

Tx/Rx

Tissue 𝜺𝒓 𝝈 (S/m)

Skin 38.57 1.58

Fat 5.328 0.11

Muscle 53.29 1.82

Fat Intra-Body Communication (Fat IBC)
Tissue phantoms fabrication

1. The performance of the designed antennas is 
first validated using phantoms (reproducing the 
dielectric characteristics the different tissues)

2. In vivo validation of the B-CRATOS platform 
technologies will be performed on non-human 
primates (NHPs)

1

2
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Biomechatronic prosthetic arm

Electric anthropomorphic dexterous 
hand, suitable in: social and/or 
humanoid collaborative robots, bio-
automation, ergonomics, prosthetics, 
human-machine interface research.
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Artificial skin

• The multi-institution team of researchers and engineers at Scuola Superiore
Sant’Anna and Uppsala University are collaborating to integrate a human-like 
prosthetic limb with a high-resolution electronic skin (or “eSkin”). 

• Machine learning/AI techniques for real-time decoding of neural signals into 
movement actuation signals and touch feedback into meaningful brain stimulation 
commands are developed at Fondazione LINKS.

Individual sensors
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Non-Human Primate (NHP) testing

Encoder

Sensory feedback
(Force, touch)

Motor control
(robotic control)

➢ Testing of Fat-IBC communication technology in non-
human primates (NHP)

➢ Demonstration of closed-loop (full-duplex) motor 
decoding and tactile stimulation using Fat-IBC in NHP
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Thank you for your attention.
Questions?

To learn more about the B-CRATOS project, please visit:
https://b-cratos.eu

Follow our progress! 
Twitter: b_cratos
Linkedin: b-cratos
ResearchGate: B-CRATOS


