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PROGRAM

09:00am - 09:45am Translational Innovation from Surface EMG to Neural Firings

Dr. Joshua Kline (Delsys, Inc.)

09:45am - 10:00am COFFEE BREAK

10:00am - 10:20am Neural Adaptations among People with Peripheral Neuropathy

Dr. Li Li (Georgia Southern University)

10:20am - 10:40am Improve Myoelectric Control for Amputees through Transcranial Direct 

Current Stimulation

Dr. Dingguo Zhan (Shanghai Jiao Tong University)

10:40am - 11:25am Development of Multi-channel Surface Electromyography 

Dr. Tadashi Masuda (Fukushima University)

11:25am - 12:10pm Personalized Neuroprosthetics using evoked-Electromyography 

and Synergetic Learning Control

Dr. Mitsuhiro Hayashibe (Tohoku University)

12:15pm - 01:00pm LUNCH AND NETWORKING

01:10pm - 01:55pm Development of rehabilitation system using kinesthetic illusion in-

duced by visual stimulation (KiNvis) realized in mixed reality, and clini-

cal trial for patients

Dr. Fuminari Kaneko (Keio University)

01:45pm - 02:15pm Musculoskeletal Model and its Application

Dr. Yasuharu Koike (Tokyo Institute of Technology)

02:40pm - 03:00pm BREAK

03:00pm - 03:45pm Motor Control during Pedaling, Skiing, and Walking

Dr. Tohru Kiryu (Niigata University)
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ABSTRACT

Dr. Mitsuhiro Hayashibe, Tohoku University
Personalized Neuroprosthetics using evoked-Electromyography and Synergetic Learning Control

One of the challenging issues in computational rehabilitation is that there is a large variety of patient situations 
depending on the type of neurological disorder. To improve the performance of motor neuroprosthetics be-
yond the current limited use of such system, subject-specific modelling would be essential. In addition, human 
characteristics are basically time variant, for instance, neuromuscular dynamics may vary according to muscle 
fatigue. In order to correspond to time-varying characteristics, we believe that robust bio-signal processing and 
model-based control which can manage the nonlinearity and time variance of the system, would bring break-
through and new modality in rehabilitation. For predicting FES-induced joint torque, evoked-Electromyography 
(eEMG) has been applied to correlate muscle electrical and mechanical activities. The robustness of the torque 
prediction has been investigated in a fatigue tracking task in experiment with Spinal Cord Injured subjects. 
The results demonstrate good tracking performance of muscle variations in the presence of fatigue and against 
some other disturbances. A new control strategy, EMG-Feedback Predictive Control (EFPC), was proposed to 
adaptively control stimulation pattern compensating to time-varying muscle state changes. It is implemented 
together with wireless portable stimulator. In addition, Synergetic Learning Control is introduced for solving 
redundancy coordination issues in peripheral motor control. It is combined with BCI application for natural 
multi-DOF robot control for BCI.

Dr. Fuminari Kaneko, Keio University
Development of rehabilitation system using kinesthetic illusion induced by visual stimulation 

(KiNvis) realized in mixed reality, and clinical trial for patients

Temporal and spatial summation of multimodal inputs enhances neural plasticity. We have developed a mixed 
reality rehabilitation system, which can induce kinesthetic sensation using visual stimulation (KiNvis). In this 
presentation, we introduce the developed rehabilitation system and report the clinical trial currently being con-
ducted to verify the therapeutic effect on sensory-motor disturbance of patients with stroke.

Dr. Tohru Kiryu, Niigata University
Motor Control during Pedaling, Skiing, and Walking

Motor control in relation to fatigue will be discussed by superimposed M-wave, time-frequency analysis, Fuzzy 
inference, and muscle synergy, especially for field experiments such as electric assisted bicycling, skiing, and 
walking.
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Dr. Joshua Kline, Delsys Inc.
Translational Innovation from Surface EMG to Neural Firings

Four decades ago Dr. Carlo J. De Luca – Professor Emeritus of the Boston University College of Engineer-
ing and founder of Delsys, Inc – introduced the first non-gel, fixed-spacing, active surface electromyographic 
(sEMG) sensors for clinical use. The sensors marked a major breakthrough over outdated snap-lead alterna-
tives, providing new opportunities to advance motor control research in clinical applications, rehabilitation and 
control of external devices. As the scientific understanding of sEMG progressed through his early work, and 
through collaborative research with Professor Tohru Kiryu and other colleagues in Japan, new opportunities 
emerged to process and measure the action potentials and firings of individual motor units directly from the 
sEMG signal. Today the research group at Delsys is further advancing sEMG decomposition sensors and algo-
rithms to extend the capabilities of motor unit firing measurements to dynamically varying movements, exer-
cises and activities of daily living. This breakthrough innovation is opening new frontiers in human movement 
research including: 1) clinical investigations of the underlying neural control to better understand, evaluate, and 
treat disabilities that limit motor function; 2) rehabilitation, exercise and sports science studies to delineate the 
neural contributions to muscle strength, dexterity, coordination, balance, and involuntary movements; and 3) 
novel human machine interfaces that directly use neural firings to control robotic or prosthetic devices. Through 
these applications, dynamic decomposition will have broad reaching healthcare impact for people with neuro-
logical impairments, those with age-related deficits in muscle performance and others who stand to benefit from 
advanced neural interface technology.

Dr. Yasuharu Koike, Tokyo Institute of Technology
Musculoskeletal Model and its Application

The human neuromuscular system naturally modulates mechanical stiffness and viscosity to achieve proper 
interaction with the environment. We have been developing the computational musculoskeletal model of upper 
arm to produce motion. We succeed to estimate the angle, torque, and stiffness of arm joints from muscle activ-
ity. This model is quite useful to develop computational learning model and also human interface. I introduce 
how to estimate upper arm motion from EMG or brain activities, and control robot which has musculoskeletal 
properties using computational model. I also discuss that our musculoskeletal model would be applied to vari-
ous field, such as rehabilitation, motor skill learning.

Dr. Li Li, Georgia Southern University
Neural Adaptations among People with Peripheral Neuropathy

Peripheral neuropathy is a debilitating disease that affects at least 8% of people age 65 and older worldwide. 
With the structural and functional degenerations of the sensory nerves, people’s gait and postural balance con-
trol capacities decrease. Furthermore, we have evidences to show that peripheral and central nervous system 
control of human movements have the potential to adapt to the development of the pathology.
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Dr. Tadashi Masuda, Fukushima University
Development of Multi-channel Surface Electromyography

Multi-channel recording of surface myoelectric potentials from a single muscle opened new possibilities of sur-
face electromyography (EMG). Single line linear electrode array or two-dimensional grid electrodes with more 
than 100 contacts detect motor unit action potentials (MUAPs) arising from the innervation zones usually locat-
ed at the middle length of muscle fibers and propagating to both ends of the fibers. By analyzing the propagation 
of MUAPs, positions of the innervation zones and muscle fiber conduction velocities (MFCVs) can be estimat-
ed. Positions of the innervation zones are crucial for the placement of surface electrodes in conventional EMG 
recordings. MFCV can be used as an index of muscle fatigue, because it decreases with time during sustained 
muscle contraction. Furthermore, by combining the multi-channel surface EMG with the precision decomposi-
tion technique of needle EMG developed by Prof. De Luca at Boston University, it becomes possible to analyze 
the innervation zones and the MFCV of a single motor unit. The precision decomposition technique enables us 
to detect high recruitment threshold motor units, and consequently the relationship between the MFCV and the 
recruitment threshold can be analyzed.

Dr. Dingguo Zhang, Shanghai Jiao Tong University
Improve Myoelectric Control for Amputees through Transcranial Direct Current Stimulation

To improve the poor performance of prosthetic control based on EMG for amputees in practice, a kind of neu-
romodulation technology, transcranial direct current stimulation (tDCS), was proposed and applied. The tDCS 
could increase the motor cortex excitability and wake up the ‘frozen’ regions (EMG source) in the brain. There-
fore, the quality of EMG signals could be enhanced, and the performance of pattern recognition-based myoelec-
tric control was improved. The proposed method was tested on six amputees through 20-minute tDCS over the 
primary motor cortex corresponding to the affected side. The results demonstrated that tDCS dramatically re-
duced the average classification error (CER) by 10.1%. After tDCS, the CER could attain a usable level (<20%). 
It has great potential in dramatically reducing the length of learning process of amputees for effectively using 
pattern recognition-based myoelectric prostheses. This method was also used to improve the online performance 
of simultaneous and proportional control (SPC) for naive amputees. The results demonstrated that tDCS could 
significantly improve the online SPC performance to an acceptable level and would be an effective intervention 
to improve the online SPC performance in a short time.
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