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A stroke is caused when an artery carrying blood from heart to an area in the brain
bursts or a clot obstructs the blood flow to brain thereby preventing delivery of oxygen
and nutrients. About half of the stroke survivors are left with some degree of disability.
Innovative methodologies for restorative neurorehabilitation are urgently required to
reduce long-term disability. The ability of the nervous system to respond to intrinsic or
extrinsic stimuli by reorganizing its structure, function and connections is called
neuroplasticity. Neuroplasticity is involved in post-stroke functional disturbances, but
also in rehabilitation. Beneficial neuroplastic changes may be facilitated with non-
invasive electrotherapy, such as neuromuscular electrical stimulation (NMES). NMES
involves coordinated electrical stimulation of nerves and muscles with continuous short
pulses of electrical current leading to improvements in muscle strength and reduction
in spasticity. Here, active cortical participation in rehabilitation procedures may be
facilitated by driving the non-invasive electrotherapy with biosignals (electromyogram
(EMG), electroencephalogram (EEG), electrooculogram (EOG)) that represent
simultaneous active perception and volitional effort. To achieve this in a resource-poor
setting, e.g., in low- and middle-income countries, we present a low-cost human-
machine-interface (HMI) by leveraging recent advances in off-the-shelf video game
sensor technology. In this paper, we discuss the open-source software interface that
integrates low-cost off-the-shelf sensors with NMES to assist postural control for
balance rehabilitation. We demonstrate the proof-of-concept on healthy volunteers.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues. The JoVE editor will not copy-edit your
manuscript and any errors in the submitted revision may be present in the published
version. There remains many copy-editing errors throughout that significantly reduces
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the clarity of the manuscript.
1. Thanks. We have tried to thoroughly proof-read the draft.

2. There continues to be textual overlap in the manuscript. This textual overlap should
be revised to include original and novel language and failure to do so will prevent
publication of the manuscript.

2. Sorry, we have revised the statements.

3. 3.3.2: How is the minimum baseline NMES level determined? What is clinically being
observed and how do these observations determine the minimum baseline NMES
level? Please provide a reference on how to do so.

3. Thanks. We have revised accordingly. "3.3.2. Set a minimum baseline NMES level
(pulse-width and current level) necessary for upright standing according to clinical
observation (i.e., zero body weight support)20. For setting the minimum baseline
NMES level, one can set the stimulation frequency at 20Hz and then increase the
pulse-width and/or current level until upright standing is achieved. Here, NMES of knee
extensors is required to generate enough torque to prevent knee buckling."

4. 3.3.4: How is the calibration done? What steps are done with respect to the
software? What is the "routine"?

4. The "routine" is the Matlab program that needs to be run. We have revised
accordingly. "3.3.4. Run 'CalibSensors.m' program in Matlab to collect calibration data
from Motion Capture Sensor, Balance Board, and EEG data acquisition systems while
the subject performs various visually cued reach movements that affects center of
mass (CoM) and center of pressure (CoP) location. The calibration program will identify
subject-specific maximum EMG level (MEL) of the muscles and maximum excursions
of CoM/CoP (CoMmax/CoPmax) during the reach movements."

5. 3.3.5: What is the calibration software routine? Please provide more explicit details,
i.e, command lines?

5. The "routine" is the Matlab program that needs to be run.

6. 4.1: WHat is the CollectBaseline software routine? Please provide more explicit
details, i.e, command lines?

6. The "routine" is the Matlab program that needs to be run. "5.1. Run
'‘CollectBaseline.m' program in Matlab to collect baseline resting-state eyes-open multi-
sensor data by asking the subject to stand still for 2 minutes while looking straight at
the CoP target on the PC monitor (see Figure 3a)."

7. Please include Representative Results that show the efficacy of the protocol.
Previous revisions had these Representative Results but this most recent revision has
removed it. Furthermore, please include how to analyze the data (either a reference on
how to do so or explicit details in the protocol on how to do so) in the Protocol following
step 4).

7. We apologize. We have now added the Representative Results in Figures 4 and 5.
Figure 4. Top panel shows an illustrative figure of the smooth pursuit during horizontal
movement. Bottom panel shows an illustrative figure of the smooth pursuit during
vertical movement.

Figure 5. a) Changes in the ratio of fixation duration on the target and the fixation
duration on the cursor - FDratio - extracted from electrooculogram during visuomotor
balance task (VBT) trials. b) Changes in the baseline normalized mean squared error
(MSEnorm) during VBT trials.

8. Please highlight 2.75 pages or less of the Protocol (including headings and spacing)
that identifies the essential steps of the protocol for the video, i.e., the steps that should
be visualized to tell the most cohesive story of the Protocol. The highlighted steps
should form a cohesive narrative with a logical flow from one highlighted step to the
next. Remember that non-highlighted Protocol steps will remain in the manuscript, and
therefore will still be available to the reader.

8. Thanks. We have now highlighted 2.75 pages or less of the Protocol in grey for the
video.

9. Please ensure that the highlighted steps form a cohesive narrative with a logical flow

from one highlighted step to the next. Please highlight complete sentences (not parts of
sentences). Please ensure that the highlighted part of the step includes at least one
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action that is written in imperative tense.
9. Yes, we have written the protocol in imperative tense.
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indicate the date below and explain in

your cover letter.
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SHORT ABSTRACT:

A novel low-cost human-machine interface for an interactive post-stroke balance rehabilitation
system is presented in this article. The system integrates off-the-shelf low-cost sensors towards
volitionally driven electrotherapy paradigm. The proof-of-concept software interface is
demonstrated on healthy volunteers.
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LONG ABSTRACT:

A stroke is caused when an artery carrying blood from the heart to an area in the brain bursts
or a clot obstructs the blood flow to the brain thereby preventing delivery of oxygen and
nutrients. About half of the stroke survivors are left with some degree of disability. Innovative
methodologies for restorative neurorehabilitation are urgently required to reduce long-term
disability. The ability of the nervous system to reorganize its structure, function and
connections as a response to intrinsic or extrinsic stimuli is called neuroplasticity.
Neuroplasticity is involved in post-stroke functional disturbances, but also in rehabilitation.
Beneficial neuroplastic changes may be facilitated with non-invasive electrotherapy, such as
neuromuscular electrical stimulation (NMES). NMES involves coordinated electrical stimulation
of nerves and muscles with continuous short pulses of electrical current leading to
improvements in muscle strength and reduction in spasticity. Here, active cortical participation
in rehabilitation procedures may be facilitated by driving the non-invasive electrotherapy with
biosignals (electromyogram (EMG), electroencephalogram (EEG), electrooculogram (EOG)) that
represent simultaneous active perception and volitional effort. To achieve this in a resource-
poor setting, e.g., in low- and middle-income countries, we present a low-cost human-machine-
interface (HMI) by leveraging recent advances in off-the-shelf video game sensor technology. In
this paper, we discuss the open-source software interface that integrates low-cost off-the-shelf
sensors with NMES to assist postural control for balance rehabilitation. We demonstrate the
proof-of-concept on healthy volunteers.

INTRODUCTION:

An episode of neurological dysfunction caused by focal cerebral, spinal, or retinal infarction is
called a stroke®. Strokes are a global health problem and fourth leading cause of disability
worldwide®. In countries like India and China, the two most populous nations of the world,
neurologic disability due to stroke is being labeled as a hidden epidemic 2. One of the most
common medical complications after a stroke are falls with a reported incidence of up to 73% in
the first year post-stroke 3 The post-stroke fall is multifactorial and includes both spinal and
supraspinal factors like balance and visuospatial neglect *. A review by Geurts and colleagues ’
identified multi-directionally impaired maximal weight shifting during bipedal standing, slow
speed, directional imprecision, and small amplitudes of single and cyclic sub-maximal frontal
plane weight shifts as the balance factors for fall risk. The consequent impact on activities of
daily living can be significant since prior works have shown that balance is associated with
ambulatory ability and independence in gross motor function >® Moreover, Geurts and
colleagues > suggested that supraspinal multisensory integration (and muscle coordination ’) in
addition to muscle strength is critical for balance recovery which is lacking in current protocols.
Towards multisensory integration, our hypothesis® on volitionally driven NMES is based on the
results presented by Roby-Brami et al.” who demonstrated acquisition of adaptive behavior by
the hemiparetic patients during a volitional hand reaching and grasping task. We further
postulate® that this adaptive behavior will be facilitated with active perception of sensory
inputs during NMES-assisted movement of the affected limb such that the brain can
incorporate this feedback into subsequent movement output by recruiting alternate motor
pathways’, if needed.
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To achieve volitionally driven NMES assisted balance training in a resource-poor setting, a low-
cost human-machine-interface (HMI) was developed by leveraging available open-source
software and recent advances in off-the-shelf video game sensor technology. NMES involves
coordinated electrical stimulation of nerves and muscles that has been shown to improve
muscle strength and reduce spasticity 1% Here, the HMI will make possible sensory-motor
integration during interactive post-stroke balance therapy where volitionally-driven NMES for
the ankle muscles will act as a muscle amplifier to assist healthy ankle strategies 112 for upright
stance during postural sways. This is based on the hypothesis presented in Dutta et al. 8 that an
increased corticospinal excitability of relevant ankle muscles effected through NMES may lend
to an improved supraspinal modulation of ankle stiffness. Indeed, prior work has shown that
NMES elicits lasting changes in corticospinal excitability, possibly as a result of co-activating
motor and sensory fibers **. Moreover, Khaslavskaia and Sinkjaer * showed in humans that
concurrent motor cortical drive present at the time of NMES enhanced motor cortical
excitability. Therefore, volitionally-driven NMES may induce short-term neuroplasticity in spinal
reflexes (e.g., reciprocal la inhibition **) where corticospinal neurons that project via
descending pathways to a given motoneuron pool can inhibit the antagonistic motoneuron pool
via la-inhibitory interneurons in humans 15, as shown in Figure 1, towards an operant
conditioning paradigm (see Dutta et al. &).

[Place Figure 1 here]

The antero-posterior (A-P) displacements in center of mass (CoM) are performed by ankle
plantarflexors (such as medial gastrocnemius and soleus muscles) and dorsiflexors (such as the
anterior tibial muscle) while medio-lateral (M-L) displacements are performed by ankle
invertors (such as the anterior tibial muscle) and evertors (such as peroneus longus and brevis
muscles). Consequently, stroke-related ankle impairments including weakness of the ankle
dorsiflexor muscles and increased spasticity of the ankle plantarflexor muscles lead to impaired
postural control. Here, agility training programs6 can be leveraged that challenge dynamic
balance where tasks are progressively increased in difficulty which may be more effective than
static stretching/weight-shifting exercise program in preventing falls ® For example, subjects
can perform volitionally driven NMES assisted A-P and M-L displacements during a dynamic
visuomotor balance task where the difficulty can be progressively increased to ameliorate post-
stroke ankle-specific control problems in weight shifting during bipedal standing. Towards
volitionally driven NMES assisted balance therapy in a resource-poor setting, we present a low-
cost HMI for Mobile Brain/Body Imaging (MoBI)*®, which can also be used for data collection
from low-cost sensors for offline data exploration in MoBILAB (see Ojeda et al.'’).

PROTOCOL:

Note: The HMI software pipeline was developed based on freely available open-source
software and off-the-shelf low-cost video game sensors (details available at:
https://team.inria.fr/nphys4nrehab/software/). The HMI software pipeline is provided for data
collection during a modified functional reach task (mFRT)*® for visuomotor balance therapy
(VBT)®. Figure 2a shows the diagnostic eye tracker setup where the gaze features are extracted
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offline for the quantification of post-stroke residual function. Figure 2b shows the experimental
setup for VBT.

[Place Figure 2 here]
1. Software installation for Mobile Brain/Body Imaging during VBT

1.1. Installation of Psychtoolbox*® in Windows for the visual biofeedback (installation
procedures for different operating systems are given at http://psychtoolbox.org/download/)

1.1.1. Download Subversion installer from http://www.sliksvn.com/en/download

1.1.2. Download the Psychtoolbox installer (DownloadPsychtoolbox) to your desktop from
https://raw.github.com/Psychtoolbox-3/Psychtoolbox-
3/master/Psychtoolbox/DownloadPsychtoolbox.m

1.1.3. Open the My Computer icon (it is either on the desktop or in the Start Menu).

1.1.4. Double-click on the C: drive icon.

1.1.5. Create a new folder called toolbox to install Psychtoolbox into that folder.

1.1.6. Move the Psychtoolbox installer (DownloadPsychtoolbox) from the Desktop to the new
toolbox folder - toolbox.

1.1.7. Open Matlab as administrative user and type the following in the command window:
>> cd C:\toolbox
>> DownloadPsychtoolbox('C:\toolbox')

1.2. Install drivers for the Motion Capture (installation procedures provided at
https://code.google.com/p/labstreaminglayer/wiki/KinectMocap)

1.2.1. Download and install Kinect Runtime from
http://go.microsoft.com/fwlink/?Linkld=253187. Do not plug in the motion Capture sensor into
any of the USB ports on the computer.

1.2.2. Plug in the powered Motion Capture Sensor into a USB port via the interface cable. The
drivers will load automatically.

1.3. Install drivers for the Eye Tracker Sensor (installation procedures provided at
https://github.com/esdalmaijer/EyeTribe-Toolbox-for-Matlab)
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1.3.1. Download the software from http://theeyetribe.com, launch the application and install
the software (Eye Tracker sensor should not be plugged into any of the USB ports on the
computer).

1.3.2. Plug in the powered Eye Tracker Sensor and the drivers will load automatically.

1.3.3. Download and extract the Matlab toolbox from
https://github.com/esdalmaijer/EyeTribe-Toolbox-for-Matlab/archive/master.zip.

1.3.4. In Matlab, go to File -> Set Path -> Add folder, and add the EyeTribe_for Matlab folder to
communicate with the Eye Tracker Sensor from Matlab.

1.4. Install drivers for the Balance Board (installation procedures provided at
http://www.colorado.edu/intphys/neuromechanics/cu_wii.html)

1.4.1. Download and extract CU_WiiBB.zip from
http://www.colorado.edu/intphys/neuromechanics/CU_WiiBB.zip

1.4.2. Copy the WiilLab folder to Microsoft Window operating system's standard Program Files
directory.

1.4.3. Open the WiilLab folder in the Program Files directory and run as an administrator the
InstallWiiLab.bat file to install the Balance Board.

1.5. Install drivers for EEG (installation procedures provided at http://openvibe.inria.fr/how-to-
connect-emotiv-epoc-with-openvibe/ )

1.5.1. Download and install Emotiv SDK from http://www.emotiv.com/apps/sdk/209/

1.6. Download and install OpenViBE Acquisition Server with labstreaminglayer (LSL) from
https://code.google.com/p/labstreaminglayer/downloads/detail?name=0VAS-withLSL-0.14.3-
3350-svn.zip for distributed multi-sensor signal transport, time synchronization and data
collection system (installation procedures provided at
https://code.google.com/p/labstreaminglayer/).

2. Low-cost sensor placement for Mobile Brain/Body Imaging (MoBlI)
Note: The open-source HMI software pipeline provides Mobile Brain/Body Imaging (MoBI) *®
with low-cost off-the-shelf sensors (see Figure 2b) which can be adapted for other agility

training programs.

2.1. Visual Feedback for MoBI:
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2.1.1. Place the personal computer (PC) monitor (recommended 0.6 m) for visual biofeedback
at the one end of the room on an adjustable stand. Adjust the height such that the center of
the screen is roughly at the eye-level of the subject.

2.2. Motion Capture for MoBI:

2.2.1. Place the Motion Capture Sensor in front of the PC monitor such that it is aimed at the
volume of motion capture. Confirm that the volume of motion capture is 1.5 m to 2.4 min the
front of the Motion Capture Sensor.

2.3. Balance Board placement for MoBI:

2.4.1. Place the Balance Board on the floor, roughly 2.0 m away from the PC monitor stand.
Make sure that there is enough space around the Balance Board for full-body movement (i.e.,
during modified functional reach task®).

2.5. EEG/EMG/EQG sensor placement for MoBI

2.5.1. Ask the subject to sit on a chair facing the Motion Capture and with their feet on the
Balance Board.

2.5.2. Place the recording (EMG) cum stimulation (NMES) electrodes bilaterally on the Medial
Gastrocnemius (MG) and Tibialis Anterior (TA) muscles of the subject. Then, connect them to
the wireless NMES stimulator system.

2.5.3. Place the electroencephalogram (EEG) cap on the subjects head following the
International 10—20 system. Then, place the EEG active electrodes with conductive paste at —
Fz, C3, Cz, C4, P3, Pz, P4, PO7, Oz, PO8 — before connecting them to the wireless EEG headset.
2.5.4. Place two EEG passive electrodes with conductive paste above and below one of eyes for
vertical EOG and put two electrodes with conductive paste at the outer canthus of each eye for
horizontal EOG.

2.5.5. Place two EEG passive electrodes on earlobes as EEG reference electrodes.

3. NMES-assisted visuomotor balance therapy (VBT) under MoBI

3.1. Install the drivers for the commercial NMES stimulator (details at
http://www.vivaltis.com/gammes/phenix/phenix-usb-neo-50-554-1.html#content).

3.2. Connect all the sensors to PC (see Figure 2).
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3.2.1. Make sure that the Eye Tracker sensor is powered on, connected to computer, and that it
has fully booted. Start the Eye Tracker server - EyeTribe.exe and EyeTribe_Matlab_server.exe -
applications available in the Eye Tracker driver folder (see steps 1.3).

3.2.2. Make sure that the Motion Capture sensor is powered on, connected to the computer
and that it has fully booted (there is a green LED on the front). Start the KinectMocap
application available in the LSL folder (see steps 1.6) which will automatically link itself to the
LSL and start streaming Motion Capture sensor data.

3.2.3. Make sure that the Balance Board sensor is powered on. Then, right-click on the
Bluetooth icon in the task bar and select "Add a Device". Press and release the Button of the
Balance Board sensor, which makes the remote discoverable. The device should show up in the
list of discovered devices. Add this device and click "pair without using a code." Then, start the
Wiimote application available in the LSL folder (see steps 1.6) which will automatically link itself
to the LSL and start streaming Balance Board sensor data.

3.2.4. Make sure that the EEG/EOG data acquisition systems are powered on. Then, double-
click on the openvibe-acquisition-server-withlsl.cmd available in the LSL folder (see steps 1.6).
From the menu, select the respective sensor hardware (i.e., Emotiv EPOC for EEG/EOG) and
configure the module, if necessary, by clicking on the "Driver Properties". Then, click on
"Connect", and then click on "Play" to start the acquisition server.

3.3. Calibrate the sensors for VBT

3.3.1. Ask the subject to stand on the Balance Board with safety harness (and partial body
weight support, if necessary).

3.3.2. Set a minimum baseline NMES level (pulse-width and current level) necessary for upright
standing according to clinical observation (i.e., zero body weight support)zo. For setting the
minimum baseline NMES level, set the stimulation frequency at 20 Hz and then increase the
pulse-width and/or current level until upright standing is achieved. Here, NMES of knee
extensors is required to generate enough torque to prevent knee buckling.

3.3.3. Ask the subject to perform various reach movements that affects CoM and CoP location
as cued by the visual feedback.

3.3.4. Run 'CalibSensors.m' program in Matlab to collect calibration data from Motion Capture
Sensor, Balance Board, and EEG data acquisition systems while the subject performs various
visually cued reach movements that affects center of mass (CoM) and center of pressure (CoP)
location. The calibration program will identify subject-specific maximum EMG level (MEL) of the
muscles and maximum excursions of CoM/CoP (COM yax/CoPmax) during the reach movements.

4. Eye Tracker based evaluation of post-stroke pursuit eye movements
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4.1. Ask the subject to sit with the chin resting comfortably on the height-adjustable Chin-Rest.
Then, raise the computer monitor to a convenient height such that the eyes are roughly facing
the center of the computer monitor (see Figure 2a).

4.2. Place the Eye Tracker roughly 50 cm from the Chin-Rest and ask the subject to look straight
at the computer monitor for visual cues.

4.3. Run EyeTribeWinUl.exe in the Eye Tracker driver folder to calibrate the Eye Tracker sensor.
The subject will be asked to look at various targets on the PC monitor for roughly 2 seconds
each. A typical user calibration process takes approximately 20 seconds to complete. The (x, y)
coordinates of the subject's gaze point are recorded for different cued targets for calibration.

4.4. Run 'EyeTrack' program while asking the subject to pursue the moving dot on the computer
monitor. This data will be used for the evaluation of post-stroke pursuit eye movement.

[Place Figure 3 here]
5. Multi-sensor data collection from low-cost sensors during VBT (see Figure 2b)

5.1. Run 'CollectBaseline.m' program in Matlab to collect baseline resting-state eyes-open
multi-sensor data by asking the subject to stand still for 2 minutes while looking straight at the
CoP target on the PC monitor (see Figure 3a).

5.2. Run 'CollectVBT.m' program in Matlab to collect sensor data during VBT.

5.2.1. From upright standing, called the 'Central hold' phase, ask the subject to steer the cursor,
driven by the CoP, as fast as possible towards randomly presented peripheral target as cued by
visual feedback (see Figure 3b).

5.2.2. Following this '‘Move' phase, ask the subject to hold the cursor at the target location for 1
sec during the 'Peripheral hold' phase.

5.2.3. Following the 'Peripheral hold' phase, the cursor will 'Reset' back to the center when the
subject needs to return back to upright standing - the 'Central hold' position. NMES is triggered
for the muscle when its EMG level goes above a certain target level (set as a percent of MEL) to
assist the volitional effort to return the CoP to the 'Central hold' position.

Note: The difficulty of the mFRT can be increased by decreasing the gain, ¢, or increasing the
noise variance, 7 = N (0, =0.1s?), within subject-specific feasible range:

t t
X X
y Cur y CoP
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X X
where the CoP excursions, { } , drive the computer cursor, [ } , in discretized time, t,
y Cur

CoP
with time-step, dt.

REPRESENTATIVE RESULTS:

Figure 4 shows the eye gaze features that were extracted offline for the quantification of an

able-bodied performance during a smooth pursuit task. The following features were extracted

as shown in Table 1:

Featurel= percentage deviation between target stimulus position and the centroid of

participant's fixation points when the stimulus is changing position in the horizontal direction.

Feature2= percentage deviation between target stimulus position and centroid of participant's

fixation points when the stimulus is changing position in the vertical direction.

Feature3 = blink per minute

Featured = percentage of time the participant is looking (eye was detected by eye tracker) at

the stimulus.

Feature5 = percentage of time the participant is not looking (eye was detected by eye tracker)

at the stimulus. (Note: Feature 5= 100-Feature 4)

Feature6 = percentage Smooth Pursuit Length (SPL) overshoot made by the participant, i.e.,

%SPL Overshoot = (Mj %100
SML

where SPL=Smooth Pursuit Length is the length (in pixels) covered by participant to track the
moving stimulus, SML= Stimulus Movement Length (in pixel), i.e., actual length of the path in
which the stimulus moves.

[Place Figure 4 here]

A proof-of-concept VBT study (without NMES) was conducted on 10 able-bodied subjects (5
right-leg dominant males and 5 right-leg dominant females aged between 22 to 46 years) under
a modified functional reach task (mFRT) paradigm (see Figure 3c). The mFRT is proposed to
guantify the subjects’ ability to volitionally shift their CoP position as quickly as possible without
losing balance while cued with CoP visual biofeedback. During mFRT, multi-sensor data was
collected for mobile brain/body imaging (MoBI)*®. MOBI data was processed offline to
determine the overall postural sway from CoP (from Balance Board) and CoM (from Motion
Capture Sensor) trajectories. Also, the features were extracted from biosignals that were
recorded simultaneously along with the gaze behavior (e.g., blink rate, saccadic direction from
electrooculogram). The results from this proof-of-concept study was presented in Dutta et al.®
where alpha event-related desynchronization (aERD%) was found primarily in the parietal and
occipital EEG electrodes. Moreover, the mean squared error (MSE) normalized by the baseline
value trended towards a decrease, the blink rate trended towards an increase, and the saccadic
direction relative to the cursor acceleration trended towards zero during learning of the
visuomotor task. Based on the data from Dutta et aI.S, the EOG data showed that the ratio of
fixation duration on the target and the fixation duration on the cursor before the initiation of
the motor response (i.e., EMG onset) - FD,a0 - increased (see Figure 5a) while the baseline
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normalized mean squared error (MSEnorm) decreased (see Figure 5b) during VBT trials.
[Place Figure 5 here]

Figure 1. The concept (details at Dutta et al.?) underlying interactive human machine interface
(HMI) to drive the center of pressure (CoP) cursor to the cued target to improve ankle muscle
coordination under volitionally driven neuromuscular electrical stimulation (NMES)-assisted
visuomotor balance therapy. EEG: electroencephalography, MN: a-motoneuron, IN: la-
inhibitory interneuron, EMG: electromyogram, DRG: dorsal root ganglion.

Figure 2. a) Schematic of the human-machine-interface for the evaluation of post-stroke pursuit
eye movements. b) Schematic of the human-machine-interface where the software interface
integrates biosignal sensors and motion capture to record mobile brain/body imaging data with
a neuromuscular electrical stimulation system (NMES) for post-stroke NMES-assisted
visuomotor balance therapy. NMES: Neuromuscular Electrical Stimulation, EMG:
Electromyogram, EEG: Electroencephalogram, EOG: Electrooculogram, CoP: Center of Pressure,
PC: Personal Computer.

Figure 3. a) Cursor representing the center of pressure (CoP) which needs to be volitionally
driven to the cued target during visuomotor balance therapy, b) Visuomotor balance therapy
protocol where the subject steers the computer cursor to a peripheral target driven by
volitionally generated CoP excursions. The Reset can be assisted with Neuromuscular Electrical
Stimulation (NMES), c) Experimental setup for visually-cued visuomotor balance therapy.

Figure 4. Top panel shows an illustrative figure of the smooth pursuit during horizontal
movement. Bottom panel shows an illustrative figure of the smooth pursuit during vertical
movement.

Figure 5. a) Changes in the ratio of fixation duration on the target and the fixation duration on
the cursor - FDratio - extracted from electrooculogram during visuomotor balance task (VBT)
trials. b) Changes in the baseline normalized mean squared error (MSEnorm) during VBT trials.

Figure 6. Left panel shows the joint labels for the skeleton model data from the Motion Capture
Sensor which can be analyzed offline using a reduced dimension biped model (right panel) for
capturing the posture. (see Banerjee et al. 22) RMP: Reaction Mass Pendulum, CoP: Center of
Pressure, CoM: Center of Mass, GRF: Ground reaction force vector.

Table 1. Eye Gaze Feature

DISCUSSION:

A simple-to-use, clinically valid low-cost tool for movement and balance therapy will be a
paradigm shift for neurorehabilitation in a low-resource setting. It is likely to have a very high
societal impact since neurological disorders like stroke will dramatically increase in future due
to aging world population 2. There is, therefore, a pressing need to leverage cyber physical
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systems where the ability to customize, monitor, and support neuro-rehabilitation at remote
sites has recently become possible with the integrations of computation, networking, and
physical processes via telecommunications. Towards that overarching goal, the low-cost Eye
Tracker based evaluation of post-stroke pursuit eye movements can not only provide home-
based diagnosis but also therapy where smooth pursuit eye movement training promoted
recovery from auditory and visual neglect23. Here, the latency of the smooth-pursuit in healthy
subjects has been found to be very consistent for targets moving 5 degrees/s or faster with a
mean latency of 10045 ms**.

Moreover, the proposed human-machine-interface (HMI) for volitionally driven neuromuscular
electrical stimulation (NMES) for post-stroke balance therapy integrated biosignal sensors and
motion capture with NMES for post-stroke balance rehabilitation, which has the potential®> 2
as a home-based intervention to post-stroke improve standing balance. The novel part of the
HMI is the software interface that integrates multiple off-the-shelf low-cost sensors to record
mobile brain/body imaging data during NMES assisted visuomotor balance therapy (VBT).
Based on healthy subject results from the proof-of-concept study (without NMES), we propose
that the multi-sensor information can be fused to estimate the state of motor learning during
post-stroke VBT, and therefore the difficulty can be adapted online for mFRT. For example,
smooth pursuit eye movement training 2* can be integrated with myoelectrically driven NMES-
assisted visuomotor task, as presented in Dutta et al.®, where alpha event-related
desynchronization at the parietal and occipital EEG electrodes may predict the normalized
mean square error (MSE) in reaching the peripheral targets. Therefore, based on the evaluation
of post-stroke pursuit eye movements as well as the gaze behavior during VBT task, we can
objectively analyze and monitor eye-related problems contributing to balance disability. The
residual function can be reconditioned with a gradual increase in the intensity (number of hours
per day) and frequency (number of days per week) of VBT thereby providing a higher level as
they improve their function %’ Moreover, gaze behavior (e.g. blink rate, saccades) can be used

to monitor user engagement during motor learning 28,

The motor learning during VBT can be analyzed using a reduced dimension reaction mass
pendulum (RMP) biped model that is presented in Dutta et al.”2. The reduced dimension RMP
model? can be constructed offline from skeleton tracking data (which is the joint data that is
streamed out of the Motion Capture sensor in the skeleton stream, see Figure 6). Significance
of RMP model over traditional point-mass pendulum model was during occasional arm swinging
in healthy to regain balance at the limits of stability during mFRT where the RMP model
augmented the traditional point-mass pendulum model by capturing the shape, size and
orientation of the aggregate rotational centroidal inertia. In our prior work *® we concluded that
the CoM-CoP lean-line could be used for posture feedback and monitoring during tDCS therapy
in conjunction with balance training exercises. Also, we have shown the relevance of whole
body normalized centroidal angular momentum during stand-to-walk transition in post-stroke
gait®2. Indeed, angular momentum is tightly regulated with segment-to-segment cancellations
of angular momentum during human walking®® and possibly in all coordinated human
movement including mFRT to prevent falls. Based on these prior works, it can be postulated
that stroke survivors with muscle weakness and coordination deficits will take it longer to
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regulate CAM when compared to age-matched able-bodied subjects. This is currently under
investigation using the reduced dimension RMP model®.

[Place Figure 6 here]

The grand challenge is to develop and clinically validate advanced cyber physical systems for
teleneurorehabilitation that is based on the manipulation of environmental, behavioral, and
pharmacologic contexts. The future applications of the HMI include a teleneurorehabilitation
paradigm in a home-based setup where identification and monitoring of visuomotor
deficits/learning from gaze-behavior may lend to an operant conditioning paradigm which will
enforce volitional use of relevant residual function. For example, the HMI can be augmented
with two Wii BB (one for the paretic and one for the non-paretic limb) which can be positioned
side by side without touching (i.e., <1 mm apart). Following the experimental protocol of
Mansfield and colleagues ’, the subjects could stand with one foot on each Wii BB in a standard
position (feet oriented at 14° with 7° rotation of each foot with an inter-malleoli distance equal
to 8% of the height), with each foot equidistant from the midline between both Wii BBs. During
mFRT, both the paretic and non-paretic limbs will contribute to the CoP position where the
operant conditioning can be implemented by providing positive reinforcement to the residual
function of the paretic limb and negative reinforcement for the compensatory mechanisms of
the non-paretic limb (based on the principle of constraint-induced movement therapy *°) by
making the cursor easier to control with the CoP excursions of the paretic side. Moreover,
visual field defects, both homonymous defects and those defects related to optic nerve lesion,
may be improved—at least to some extent—in patients 31 towards better visuomotor
integration 32 contributing to improved balance. The clinical stroke study under the hypothesis
that our low-cost HMI towards volitionally driven NMES assisted dynamic visuomotor balance
therapy can ameliorate post-stroke ankle-specific control problems in visually cued weight
shifting during bipedal standing is conducted at the Institute of Neurosciences Kolkata, India. It
is expected to reduce the fall incidence rates in chronic stroke survivors, which can be high as
2.2 to 4.9 falls each person-year 33 Indeed, for showing the efficacy of this HMI for post-stroke
balance therapy towards restorative neurorehabilitation, the critical step is subject selection,
i.e., stroke survivors who have sufficient residual sensorimotor function necessary for
recovery>”.
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Feature 1 (%) Feature 2 (%) Feature 3 (per minute) Feature 4 (%) Feature5 (%)
Left Eye 1 3.66 6.829326829 95.51495017 4.485049835
Right Eye 0.66677 6 6.341463415 94.39962031 5.600379687
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Name of Reagent/ Equipment Company Catalog Number
NMES stimulator Vivaltis, France PhenixUSBNeo
Balance Board Nintendo, USA Wii Balance Board
Motion Capture Microsoft, USA XBOX-360 Kinect
Eye Tracker Eye Tribe The Eye Tribe
EEG Data Acquisition System Emotiv, Australia Emotiv Neuroheadset
EEG passive electrode Olimex EEG-PE
EEG active electrode Olimex EEG-AE
Computer with PC monitor Dell

Softwares, EMG electrodes,
NMES electrodes, and cables


http://www.editorialmanager.com/jove/download.aspx?id=271994&guid=80f44e96-3155-47a3-8665-906e9a03ce84&scheme=1

Comments/Description

NMES stimulator cum EMG sensor (Figure 2b)

Balance Board (Figure 2b)

Motion Capture (Figure 2b)

SmartEye Tracker (Figure 2a)

Wireless EEG headset (Figure 2b)

EEG passive electrode for EOG and references (6 in number)(Figure 2b)
EEG active electrode (10 in number)(Figure 2b)

Data processing and visual feedback (Figure 2)

Total

Cost estimates (Euros)
5217.4

100
150
100
400
10x5
10x9
500

6467.4
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Open Access
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course of his or her duties as a United States government employee.

' The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEQ LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video"” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4, Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute,

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial -or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US51,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JOVE submission site;
2) Faxthe document to +1.866.381.2236;
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments
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COVER LETTER FOR SUBMISSION OF REVISED MANUSCRIPTS

Editorial Board
Journal of Visualized Experiments

Subject: REBUTTAL COMMENTS

I am enclosing herewith the revised manuscript titled, A human-machine-interface integrating low-cost
sensors with a neuromuscular electrical stimulation system for post-stroke balance rehabilitation,
submitted to your esteemed journal for review.

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version. There remains many copy-editing errors
throughout that significantly reduces the clarity of the manuscript.
1. Thanks. We have tried to thoroughly proof-read the draft.

2. There continues to be textual overlap in the manuscript. This textual overlap should be revised to
include original and novel language and failure to do so will prevent publication of the manuscript.
2. Sorry, we have revised the statements.

3. 3.3.2: How is the minimum baseline NMES level determined? What is clinically being observed and how
do these observations determine the minimum baseline NMES level? Please provide a reference on how
to do so.

3. Thanks. We have revised accordingly. "3.3.2. Set a minimum baseline NMES level (pulse-width and
current level) necessary for upright standing according to clinical observation (i.e., zero body weight
support)zo. For setting the minimum baseline NMES level, one can set the stimulation frequency at 20Hz
and then increase the pulse-width and/or current level until upright standing is achieved. Here, NMES of
knee extensors is required to generate enough torque to prevent knee buckling."

4. 3.3.4: How is the calibration done? What steps are done with respect to the software? What is the
"routine"?

4. The "routine" is the Matlab program that needs to be run. We have revised accordingly. "3.3.4. Run
'CalibSensors.m' program in Matlab to collect calibration data from Motion Capture Sensor, Balance
Board, and EEG data acquisition systems while the subject performs various visually cued reach
movements that affects center of mass (CoM) and center of pressure (CoP) location. The calibration
program will identify subject-specific maximum EMG level (MEL) of the muscles and maximum excursions
of CoM/CoP (COM 5/COP ) during the reach movements."

5. 3.3.5: What is the calibration software routine? Please provide more explicit details, i.e, command
lines?

5. The "routine" is the Matlab program that needs to be run.

6. 4.1: WHat is the CollectBaseline software routine? Please provide more explicit details, i.e, command
lines?

6. The "routine" is the Matlab program that needs to be run. "5.1. Run 'CollectBaseline.m' program in


http://www.editorialmanager.com/jove/download.aspx?id=271995&guid=e2c44b99-c310-4193-a87c-29073ee7c923&scheme=1

Matlab to collect baseline resting-state eyes-open multi-sensor data by asking the subject to stand still for
2 minutes while looking straight at the CoP target on the PC monitor (see Figure 3a)."

7. Please include Representative Results that show the efficacy of the protocol. Previous revisions had
these Representative Results but this most recent revision has removed it. Furthermore, please include
how to analyze the data (either a reference on how to do so or explicit details in the protocol on how to
do so) in the Protocol following step 4).

7. We apologize. We have now added the Representative Results in Figures 4 and 5.

Figure 4. Top panel shows an illustrative figure of the smooth pursuit during horizontal movement.
Bottom panel shows an illustrative figure of the smooth pursuit during vertical movement.

Figure 5. a) Changes in the ratio of fixation duration on the target and the fixation duration on the cursor -
FDratio - extracted from electrooculogram during visuomotor balance task (VBT) trials. b) Changes in the
baseline normalized mean squared error (MSEnorm) during VBT trials.

8. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most
cohesive story of the Protocol. The highlighted steps should form a cohesive narrative with a logical flow
from one highlighted step to the next. Remember that non-highlighted Protocol steps will remain in the
manuscript, and therefore will still be available to the reader.

8. Thanks. We have now highlighted 2.75 pages or less of the Protocol in grey for the video.

9. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one
highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure
that the highlighted part of the step includes at least one action that is written in imperative tense.

9. Yes, we have written the protocol in imperative tense.

With the submission of this manuscript | would like to undertake that the above mentioned manuscript
has not been published elsewhere, accepted for publication elsewhere and that my co-authors are fully
aware of this submission.

Kind regards,

Anirban Dutta, Ph.D.

Principal Investigator of NeuroPhys4NeuroRehab project
DEMAR team of INRIA, Université de Montpellier, CNRS
34095 Montpellier Cedex 5 France

Web: http://team.inria.fr/nphys4nrehab



