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Evoked Electromyographically Controlled Electrical Stimulation 

This work demonstrates a novel technique using evoked electromyography signal to realize joint torque prediction 

under muscle fatigue and also to enable stable neuroprosthetic muscle control. Current neuroprosthetic control 

performance is limited by the lack of information regarding time-variant muscle response, mainly caused by muscle 

fatigue and also potentially caused by the change of stimulation electrode’s contact condition. The predicted torque 

information can be utilized to explicitly consider the actual muscle state. EMG-Feedback Predictive Control (EFPC) 

strategy was established for an innovative neuroprosthetic control enhanced by EMG technology, which enables joint 

torque control by electrical stimulation as well as muscle activation control. The experimental result indicates its 

promising performance to realize evoked electromyographically controlled electrical stimulation. 

 

Functional electrical stimulation (FES) has been used to restore motor functions or produce movements in patients 

with complete spinal cord injury (SCI) as well as with other sensory-motor deficiencies such as drop foot syndrome 

among stroke patients. However muscle fatigue phenomenon and the inadequacy of in-vivo force sensor limit the 

application of FES technology in term of the patient-specificity and time-varying characteristic of muscle response. It 

is essential to monitor the actual muscle state and assess the expected muscle response by FES to improve the current 

FES system toward adaptive force/torque control in the presence of muscle fatigue. Evoked EMG (eEMG) offers a 

way of studying the myoelectric features of the neuromuscular activation associated with muscle contraction. eEMG 

was found to be highly correlated with FES-induced muscular torque under various stimulation situations in previous 

studies, but it has not used yet in closed-loop FES control manner. 

  Based on the evoked EMG based torque prediction performance, we proposed a novel closed-loop torque control 

strategy of functional electrical stimulation (FES) as in Fig.1. Generally, FES control systems are faced with the 

challenge of how to deal with time-variant muscle dynamics such as fatigue. The degraded muscle force needs to be 

compensated. Conventional FES control is basically based on joint position feedback control. Thus, joint torque 

control can be considered to be superior to joint angle control as closed-loop system. As FES-evoked 

electromyography (EMG) represents the activity of stimulated muscles, and also enables joint torque prediction, we 

proposed the EMG-feedback predictive controller of FES to control joint torque adaptively. EMG feed-back 

contributes to FES torque control system taking the activated muscle state into account. The control performance, 

fatigue compensation as in Fig.2 (Right) and aggressive control suppression capabilities of the proposed controller 

were evaluated and discussed through experimental studies. The EMG-Feedback Predictive Control (EFPC) strategy 

would make an innovative contribution for advanced neuroprosthetic muscle control enhanced by EMG technology, 

which enables joint torque control in FES as in Fig.2 (Left). This new FES modality would have a potential to break 

through the FES technology’s conventional difficulty caused by muscle fatigue problem. 

  Along with FES torque control, we have also developed a real-time FES system for reliable control of muscle 

activation by online modulating stimulus by Vivaltis wireless portable stimulator. Real-time FES control experiments 

are made on 5 SCI patients, and the results show promising control performances of the FES system. The stimulated 

muscles are chosen as tibias anterior and/or medial gastrocnemius. The bipolar AgCl EMG electrodes were positioned 

over the muscle belly in the direction of muscle fiber with 20mm interelectrode spacing. Using a blanking window 

method, the stimulation artifact was efficiently removed, and moving average (MAV) of M-wave represented good 

performance to track the changes of muscle response. In cross-validation manner, the control performance to follow 

the random level reference was evaluated. Overall average RMSE tracking performance in all SCI subjects was 8.08 

percent over four different reference patterns. Fig.3 (left) shows the image of wireless portable stimulator, and Fig.3 

(right) shows one example of muscle activation tracking control with evoked electromyographically controlled 

electrical stimulation method. 
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Fig.1 Diagram illustrating the EMG-Feedback Predictive Control (EFPC) strategy. The torque measurement yt and EMG 

measurement ym were used for model identification process only for initial phase. When the torque update was suspended, 

torque control was achieved only based on EMG feedback without torque measurement, as shown with the grey dashed line. 

            

Fig.2 (Left) Evaluation of the proposed EFPC control performance to obtain a randomly changed torque trajectory. The EFPC 

controller performed torque control only with EMG feedback without using measured torque. (Right)  Muscle fatigue 

compensation. The result represents the fatigue compensation effect by systematically increasing stimulation input by EFPC.  

 
Fig.3 (Left) Wireless portable stimulator (Vivaltis Inc., Montpellier, France)  (Right) Real-time control performance of muscle 
activation to track the desired dual sinusoidal shaped muscle activation pattern (red dash line is desired muscle activation 
trajectory and blue solid line is the measured muscle activation. 
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