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Abstract   
 
Context :  Illness, accident or the amputation of an upper or lower limb has a major impact on a 
person's daily life. In recent years, so-called myoelectric prostheses have become increasingly 
popular as a means of compensating for the absence of a limb, particularly an upper one. The inputs 
to these prostheses are electrical signals delivered by muscles located upstream of the amputation. 
This thesis is part of the O2R "Organic Robotics" exploratory research program and equipment 
priority (PEPR). And more specifically, on the theme of "REINVENT" prosthetics, Reinventing 
prosthetics. 
 
 
Subject :  
 
In collaboration with the startup Orthopus, we have already worked on an under-actuated hand 
prosthesis (Butin et al 2023, 2024), for a wrist joint amputation. REINVENT would like to extend 
the study to an elbow/wrist/hand prosthesis. The intended application is therefore to take into 
account the handicap of an amputation upstream of the elbow. We will therefore address the problem 
of communication between the residual limb (RL) and the prosthesis actuators. This communication 
will focus on EMG associated with phantom mobility, present in 76% of lower limb amputees 
(Touillet et al. 2018). The thesis work will focus on three axes. 
 
 
1°) Harnessing myoelectric activity for phantom mobility  
 
Initially, transhumeral amputees will be selected and trained to have smooth phantom movements 
(Rossel, 2023) while performing voluntary movements of their RL. The muscular activities of the 
LR will be recorded with a dry multi-electrode sleeve (rapid installation), enabling us to study the 
minimum number of electrodes needed to distinguish between activities related to the execution of 
phantom movements and activities related to movements of the LR. 
It will be necessary to learn how to dissociate the LR's own movements from the phantom 
movements of the amputated arm. In addition, wearing a prosthesis will induce disturbances linked 
to the movements of the last. These two phenomena will require the development of a robust 
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algorithm for detecting and identifying phantom movements. Learning methods (Lento, 2023) will 
be implemented to detect and identify, from multi-channel sEMG measurements, these phantom 
movements when the amputee participant wears the prosthesis on his LR.  
 
2°) Regression-based myoelectric control and electrode arrays (LS2N): 
  
Once we have separated the muscular activities associated with phantom movements from those 
linked to movements of the LR wearing the prosthesis, a descriptive model of the signals at LR level 
will be developed in order to extract parameters to characterize phantom movements. 
 
3°) Prosthesis control. 
 
In order to take into account possible disturbances acting on the mechatronic system, such as the 
effects of mechanical friction and gravity forces, and to obtain a continuous and dynamic behavior 
of the fitted arm, we will develop a set of compensations for the gravity of the mechatronic structure, 
its friction and its dynamics using a feed-forward control based on a dynamic model as realistic as 
possible (Aoustin and Formalskii, 2013). 
Next, a study will be carried out to identify possible automatic behaviors of the prosthesis (resting 
postures, automatic adjustments, balancing) to reduce the cognitive load on users and reproduce 
reflex/unconscious activity. 
 
Planning:  
  
-‐  Year  D1  will  be  mainly  devoted  to  exploiting  myoelectric  activities  related  to  phantom  mobility  
(writing  a  conference  paper,  biomechanics).  
-‐  In  year  D2,  myoelectric  control  based  on  regression  and  electrode  arrays  (LS2N)  will  be  
developed  (writing  of  a  journal  article).  
-‐  Year  D3  will  be  devoted  to  mechatronic  system  control  (writing  of  a  journal  article,  writing  of  thesis). 
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Start date and duration: The doctoral thesis will start ideally before 2024 for a duration of 36 months. 

Workplace: The PhD student will carry out his/her research work at LS2N, Campus Ecole Centrale de 

Nantes (Nantes) 

Application site : https://theses.doctorat-bretagneloire.fr/mastic  
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