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Introduction:

Depending on age, prosthesis type, and the survey, 24-70%

of users eventually abandon their prosthesis [1]. Beyond

mechanical design, user acceptance largely depends on the

control system’s ability to accurately interpret movement

intention.

Most commercial systems rely on surface electromyography

(sEMG), which faces serious bottlenecks:

* signal degradation due to muscle fatigue,

* 1nability to clearly differentiate between surface and deep
muscles,

* not being robust 1n non-1sometric cases.

In this paper, our three different modalities are uncovered,

and we consider the conceptual possibility of integration.

Methods:

High density surface electromyography (HD-sEMG,[2]):

* analogue, 64-channel device

 amm at: hw+sw system to differentiate between surface
and deep muscles on the forearm + decompose 1n non-
1Isometric case

* partial results already on FDS-FDP differentiation
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Fig.3. Left: Near-infrared spectroscopy device. Top-right: occlusion
experiment. Bottom-right: comparison of raw waveforms to support
topographical sensitivity.

Conceptual points to integration:

Miniaturization & Placement

* Optimal density and minimal size are crucial.

Amplitude-mode ultrasound (A-mode US, [3], Fig. 2):

 8-channel prototype with custom firmware, modular,
programmable frequency, time-compensated gain

* amm at: hwtsw system to measure muscles on
anatomically relevant locations

Near-infrared spectroscopy (NIRS, [4],[5], Fig. 3):

* 12x3 channels (12 PDs, 3 LEDs)

* topographically sensitive on muscle oxygenation

* amm at: hwt+sw system as additional modality to
recogmze fatlgue

45

40
r—.|3
)
(U's
Q 2
to)
= 20—
—
g—TS
< 10

20

Time [s1]5
Fig.1. Top: 64-channel sSEMG measurement setup.
Bottom: separation of surface and deep forearm muscle activity.

* Limuts: sensor tech constraints and poorer SNR 1n smaller
elements.

Interference between modalities

* Sensors must not atfect each other.

* Potential EM noise: sSEMG arrays as antennas, blinking
LEDs, A-mode US effects.

US-NIRS Interaction

* A-mode US may heat tissue — dilated arteries — NIRS
signal noise.

* Mitigation: low-energy US, small transducers, smart
activation cycles.

Sensor Integration

 US+EMG coexistence 1s feasible.

* NIRS needs direct optical contact.

* Use flexible PCBs, transparent gels, and anatomically
guided placement/timing.

Design Considerations

 Human-centered, anatomy-driven layouts enhance signal
clarity.

Soft Exoskeleton Application [6]

 Harnesses cause skin displacement, affecting sensor
stability.

* Solution: place sensors and fixations 1n separate regions.

Forearm as Ideal Site: minimizes actuation mterference &

gives stable sensor-skin interface.

References:

[1] D. Piscitelli, M. Beghi, M. Bigoni,S. Diotti, C. Perin, F. Peroni, M. Turati, N. Zanchi, M. Mazzucchelli, and C. M. Cornaggia, " Prosthesis rejection in individuals with limb amputation: a narrative review with | Pter e
respect to rehabilitation," Rivista di psichiatria, vol. 56, no. 4, p. 175--181, 2021 PAZMANY
[2] A. B. Koves, M. Koller, “"Development of an HD-sEMG System With Source Separation Algorithm, " in Proceedings of the 31st IEEE International Conference on Electronics, Circuits and Systems (ICECS, p4zmany Péter Catholic University

Nancy, France), 2024, doi: 10.1109/icecs61496.2024.10848729

[3] J. A. da Rocha Aleida, M. Koller, ""Lessons we Have Learnt on the Stages of an A-Mode Us Prosthetic Control Interface," in Proceedings of the 31st IEEE International Conference on Electronics, Circuits and
Systems (ICECS, Nancy, France), 2024, do1: 10.1109/icecs61496.2024.10849127

[4] R. Kiss, S. Foldi, M. Koller, *'Development of a Near Infrared Spectroscopy Sensor to Obtain Topological Information of Hemodynamic Changes due to Muscle Activity," abstract of oral presentation at the 2025

Faculty of Information Technology and Bionics

. : : PROJECT
Summer School of Neurorehabilitation (Baiona, Spain) OJEC
[STA. Gibert, S. Foldi, M. Koller, ""Initial Steps with and Array-like Near Infrared Spectroscopy Device for Upper Limb Measurements," poster at 47th IEEE EMBS, 2025 NATIONAL RESEARCH, DEVELOPNENT FINANCED FROM
[6] R. Kiss, S. Foldi, A. Répai, A. Makk, Gy. Cserey, M. Koller *'First steps of creating a simulation environment in OpenSim to design a control method for a novel soft robotic exoskeleton," in Proceedings of the " HUNGARY THE NRDI FUND

19th IEEE/RAS-EMBS International Conference on Rehabilitation Robotics (ICORR 2025, Chicago, IL, USA), pp. 1432-1437, 2025



	1. dia: Sensor fusion for a robust hand prosthesis and exoskeleton control system: A concept proposal Sándor Földi, Réka Kiss, Áron Boldizsár Köves, João Anastácio da Rocha Almeida, Miklós Koller Faculty of Information Technology and Bionics Pázmány Péter

