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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes. 
 If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Step 5.4-5.6: Evaluation of post-stroke eye movements and Steps 6.4-6.6: Multi-sensor Data Collection during VBT
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Step 4.4:  Ask the subject to perform various visually cued reach movements that affect center of mass and center of pressure location.
E.  Will the filming need to take place in multiple locations? No


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The overall goal of this procedure is to apply video game sensor technology towards a low-cost human-machine-interface for balance rehabilitation. (Intro)

This is accomplished by first setting up Mobile Brain/Body Imaging, or MoBi (pronounced Mo-Bee), equipment and software (P1: Shot 2.2.1 - Talent orients motion sensor. Then, 2.3.1 – Talent places balance board on floor)

The second step is to place MoBI sensors on the body to capture physiological data. (P2: Shot 2.6.1 - Talent places the EEG cap on the subject. Then, shot 2.5.1 --Talent places the sensors for EMG)

Next, sensors for neuromuscular electrical stimulation, or NMES-assisted (pronounced N-M-E-S), visuomotor balance therapy under MoBI are calibrated. (P3: Shot 4.1.1 – Subject steps on the balance board; Then, shot 4.3.1 – Talent completes various reach movements)

Then, an eye tracker is used to evaluate post-stroke visual pursuit eye movements. (P4: Shot 5.2.1- Subject puts chin in chin rest. Then, shot 5.4.1 – talent instructs subject to look at screen for calibration)

The final step is to collect multi-sensor data from low-cost sensors during visuomotor balance therapy. (P5: Shot 6.2.1 – Talent collecting data on computer. Then, shot 6.1.2– subject completing balance task)

Ultimately, this method will show that gaze-related indices during a visuomotor task has the potential to serve as quantitative biomarkers of post-stroke deficits that affect balance. (P6: Shot 5.6.1 – Subject completing eye-tracking task. Then, shot 6.3.2 – Subject steering cursor on screen with body)

[Video editor - Authors have requested the use of shots for the overview.]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Anirban Dutta: The implications of this technique extend toward therapy of visuomotor deficits that contribute to balance disorders in post-stroke patients. 
1.2. Deepesh Kumar: Though this method can provide insight into the implications of stroke during a visuomotor balance task, it can also be applied to other systems, such as autism spectrum disorder and psychomotor disturbances in depression.


Protocol (read by voice talent at JoVE):

2. Mobile Brain/Body Imaging (MoBI) Setup and Sensor Placement
2.1. Begin by placing a computer monitor on an adjustable stand for visual biofeedback. Adjust the height so that the center of the screen will be at the subjects’ eye-level. 
2.1.1. MED: Talent places a computer monitor on a stand.
2.1.2. MED: Talent adjusts the height of the stand so that it will be at the subjects’ eye-level.
2.2. Then, place the motion capture sensor in front of the monitor, and aim it at the volume of motion capture. Confirm that the volume of motion capture is 1.5 m to 2.5 m in front of the motion capture sensor.
2.2.1. MED: Talent places the motion capture sensor in front of the monitor.
2.2.2. LABMEDIA: Figure 2b [Video editor: Highlight the 1.5 m line when mentioned, then highlight the 2.5 m line when mentioned in the VO. Highlight the dotted line box that says “volume of motion data capture” as mentioned in the VO and lightly fill in.]
2.3. Next, place the balance board on the floor, about 2.0 m away from the computer monitor stand….  Leave enough room around the balance board to ensure full-body movement.
2.3.1. WIDE: Talent places the balance board on the floor 2.0 m away from the computer monitor. [Video editor: Show a red line from the computer monitor to the balance board, and label 2.0 m]
2.3.2. MED: Talent stands on balance board and stretches arms out to the side, then bends knees and stretches both arms to the front to indicate full body movement. 
2.4. To begin sensor placement for NMES, ask the subject to sit on a chair facing the motion capture sensor with their feet on the balance board.
2.4.1. MED: Talent escorts subject in to the room. (TEXT: NMES sensor placement)
2.4.2. MED: Talent sits on the chair facing the motion capture sensor and places their feet on the balance board.
2.5. Place the electromyography, or EMG (pronounced E-M-G), electrodes bilaterally on the Medial Gastrocnemius (pronounced gas-troke-nemus) and Tibialis (pronounced tee-bee-al-us) Anterior muscles of the subject. Then, connect the electrodes to the wireless NMES simulator system. 
2.5.1. MED: Talent places the EMG electrodes bilaterally on the Medial Gastrocnemius and Tibialis Anterior muscles of the subject (TEXT1: Medial Gastrocnemius; TEXT2: Tibialis Anterior) [Video editor: Show text overlays as mentioned in the VO].
2.5.2. MED: Talent connects the electrodes to the wireless NMES system.
2.6. Next, place the electroencephalogram, or EEG (pronounced E-E-G), cap on the subjects’ head by following the international 10-20 (pronounced ten-twenty) system. Use conductive paste to adhere the electrodes seen here to the scalp before connecting them to the wireless EEG headset.  
2.6.1. MED: Talent places the EEG cap on the subjects’ head. 
2.6.2. MED: Talent puts conductive paste under two electrodes to adhere them to the scalp. (TEXT: Fz, C3, Cz, C4, P3, Pz, P4, PO7, Oz, PO8)
2.6.3. MED: Talent connects the electrodes to the wireless EEG headset.
2.7. Place two passive EEG electrodes above and below one eye to capture the vertical electrooculogram, or EOG (pronounced E-O-G), and another two at the outer canthus of each eye to capture the horizontal EOG. 
2.7.1. MED: Talent places one EEG electrode above one eye, and another electrode below the same eye.
2.7.2. MED: Talent places another two electrodes at the outer canthus of each eye.
2.8. Finally, place two passive EEG electrodes on the subjects’ earlobes to serve as EEG reference electrodes.
2.8.1. MED: Talent places two EEG electrodes, one on each of the subjects’ earlobes. 
3. NMES-assisted Visuomotor Balance Therapy (VBT) under MoBI
3.1. First, connect the eye-tracker, motion capture, and balance board sensors to the computer. 
3.1.1. MED: Talent connects the eye-tracker, motion capture, and balance board sensors to the computer.
3.2. Then, turn on the eye tracker sensor. Start the eye tracker server applications by clicking on EyeTribe (pronounced EyeTribe) and EyeTribe_Matlab_server (pronounced EyeTribe-Matlab-server) in the eye tracker driver folder.
3.2.1. MED: Talent turns on the eye tracker sensor.
3.2.2. MED (over shoulder): Talent sitting at a computer clicks on the eye tracker driver folder, then selects EyeTribe.exe and EyeTribe_Matlab_server.exe.
3.3. Next, turn on the motion capture sensor and ensure that it has fully booted, which is indicated by the green light.  Open the LSL (pronounced L-S-L) folder and start the KinectMocap (pronounced Kinect-MoCap) application to begin streaming of the motion capture sensor data. 
3.3.1. MED: Talent turns on the motion capture senstor, and points to the green light.
3.3.2. SCREEN: Open the LSL folder, and click on KinectMocap.
3.4. Turn on the balance board sensor. Press the button on the balance board sensor to make the remote discoverable in the Bluetooth menu. Right click on the Bluetooth icon in the task bar, and select ‘Add a Device’. Add this device and click ‘pair without using a code’.
3.4.1. MED: Talent turns on the balance board sensor.
3.4.2. MED: Press and release the button on the balance board sensor to make the remote discoverable in the Bluetooth menu.
3.4.3. SCREEN: Right click the Bluetooth icon. Select ‘Add a Device’. Add the balance board sensor, and click ‘pair without using a code’.
3.5. Then, open the LSL folder and start the Wiimote (pronounced wee-mote) application to begin streaming the balance board sensor data. 
3.5.1. SCREEN: Open the LSL folder. Start the Wiimote application. 
3.6. Finally, turn on the EEG and EOG data acquisition systems. To do this, first open the LSL folder, and click on the Openvibe-acquisition file.  
3.6.1. MED (over shoulder): Talent sitting at the computer.
3.6.2. SCREEN: Open the LSL folder, click on openvibe-acquisition-server-withlsl.cmd.
3.7. Then, select ‘Emotiv EPOC (pronounced E-motive E-P-O-C) for EEG and EOG’ from the menu and configure the module by clicking on ‘Driver Properties’. Then, click on ‘Connect’, and click on ‘Play’ to start the acquisition server. 
3.7.1. SCREEN: Select ‘Emotiv EPOC for EEG and EOG’ from the menu. Click on ‘Driver Properties’, then click on ‘Connect’, and click on ‘Play’.
4. Calibrate the sensors for VBT
4.1. Begin by asking the subject to stand on the balance board with a safety harness.
4.1.1. MED (multiple shots): The subject, who is wearing a safety harness, steps on the balance board and stands upright.
4.2. Set a minimum baseline NMES level for upright standing by setting the stimulation frequency at 20 Hz. 
4.2.1. MED: Talent sets the stimulation frequency for the NMES at 20 Hz.
4.3. Then, increase the pulse width and current level until upright standing has been achieved. NMES of knee extensors are also required to generate enough torque to prevent knee buckling. 
4.3.1. CU: Show NMES stimulator as talent increases the pulse width. [Video editor: Split screen with the portion of shot 4.1.1 where the subject is standing upright on the balance board]
4.3.2. MED: Show knee extensors on the subject. 
4.4. Next, ask the subject to perform various visually cued reach movements that affect center of mass and center of pressure location.
4.4.1. MED: Subject performs various reach movements that affect their center of mass/center of pressure location.
4.5. While the subject is performing reach movements, open Matlab, and run the ‘CalibSensors’ (pronounced Calib-Sensors) program to collect calibration data from the motion capture sensor, balance board, and EEG data acquisition systems. 
4.5.1. SCREEN: Talent opens Matlab and runs the CalibSensors.m program.
4.5.2. WIDE: Show the subject standing on the balance board alongside all of the data acquisition systems. 
5. Evaluation of post-stroke eye movements 
5.1. Begin by placing the eye tracker 50 cm from the chin rest…, and connect it to the personal computer using the USB-3 port.
5.1.1. MED: Talent places the eye tracker 50 cm from the chin rest. [Video editor: Show a red line from the chin rest to the eye tracker, labeled ’50 cm’.]
5.1.2. MED: Talent connects the eye tracker to the computer using the USB port. 
5.2. Then, ask the subject to sit at the desk and place their chin in the height adjustable chin rest. Adjust the computer monitor so that the subjects’ eyes are collinear with the center of the monitor. 
5.2.1. MED: Subject sits at a desk and places their chin in the chin rest.
5.2.2. MED: Talent adjusts the computer monitor to the subjects’ eye-level. 
5.3. Next, open the eye tracker driver folder and run 'EyeTribe server' (pronounced Eye-Tribe-Server) and ‘EyeTribeWinUI’ (pronounced Eye-Tribe-Win-U-I) to ensure whether the subject's eyes are detected in the EyeTribe GUI (pronounced gooey). 
5.3.1. SCREEN: Open the eye tracker driver folder and run 'EyeTribe server.exe' and ‘EyeTribeWinUI.exe’. Show eyes being detected on screen.
5.4. Next, ask the subject to look straight at the computer monitor for visual cues. Run the eye tracker calibration routine by clicking on calibrate tab in the EyeTribe GUI.
5.4.1. MED: Talent stands next to the subject and points to the computer monitor. 
5.4.2. MED (over shoulder): Talent clicks on the calibrate tab (TEXT: Eye tracker Calibration)
5.5. Next, run the 'SmartEye.cpp' (pronounced smart-eye-dot-c-p-p) program to acquire the subjects’ eye gaze data. Subsequently run the 'SmartEye.py' (pronounced smart-eye-dot-p-y) program to execute the virtual reality based interface that is synchronized with the eye tracker.  
5.5.1. SCREEN: Talent opens 'SmartEye.cpp’…then clicks on 'SmartEye.py'.
5.6. Then, ask the subject to follow the fixed and moving visual stimuli at various positions on the computer screen in order to evaluate post-stroke pursuit eye movements. 
5.6.1. MED (over shoulder): Subject is watching fixed and moving visual stimuli on the screen. 
6. Multi-sensor Data Collection during VBT
6.1. Begin by opening Matlab and running the ‘CollectBaseline’ (pronounced Collect-Baseline) program to collect baseline resting-state, eyes-open, multi-sensor data.
6.1.1. MED (over shoulder): Talent sitting at the computer opens Matlab, and runs ‘CollectBaseline.m’.
6.2. [bookmark: _GoBack]To do this, ask the subject to stand still for 2 minutes and look straight at the center of the pressure target on the monitor.  This is called the Central hold phase.
6.2.1. MED: Talent gestures to the subject to not move. Subject standing on the balance board looks straight at the pressure target on the monitor (TEXT: Central Hold Phase)
6.3. Then, run the ‘CollectVBT’ (pronounced Collect-V-B-T) program in Matlab to collect sensor data during VBT.
6.3.1. MED (over shoulder): Talent sitting at the computer runs ‘CollectVBT.m’.
6.4. From standing upright, ask the subject to complete the Move Phase by steering the cursor as fast as possible towards randomly presented peripheral targets as cued by visual feedback. 
6.4.1. MED: Talent speaks to the subject, and points to the screen.
6.4.2. MED: While standing on the balance board, the subject steers the cursor on the screen with their body toward randomly presented targets. (TEXT: Move Phase)
6.5. Following this Move phase, ask the subject to hold the cursor at the target location for 1 second during the Peripheral hold phase. 
6.5.1. MED: Subject holds cursor at the target location for 1 second. (TEXT: Peripheral Hold Phase)
6.6. Following the Peripheral hold phase, the cursor will reset back to the center when the subject needs to return back to the central hold position. NMES is triggered for the muscle to assist the volitional effort to return to the central hold position.
6.6.1. MED (over shoulder): Show computer screen in front of subject. Cursor should reset back to the center. 
6.6.2. CU: Show the NMES electrodes. 
7. Results: Multi-sensor integration with NMES for post-stroke balance rehabilitation  
7.1. The eye gaze features were collected with the eye tracker to quantify a subject's performance during a smooth pursuit task for later comparison with post-stroke VBT data. 
7.1.1. LAB MEDIA: Figure 2A on the left half of the screen, Figure 4 (top, left column) on right half of the screen [Video editor: Label Figure 2A as “Eye Tracker Setup” on top.  Figure 4: use the top four boxes in the left column, and put on the right side of the screen. Label “Left Eye Movement” on top]
7.2. Then, for VBT, the protocol used a modified functional reach task to quantify the subjects’ ability to volitionally shift their center of pressure position as quickly as possible without losing balance while cued with visual feedback.
7.2.1. LAB MEDIA: Figure 1 left half of screen & Figure 3C right half of screen [Video editor: Figure 1 – Put label ‘human machine interface’ on top. Highlight ‘Visual stimulation’ and ‘Electrical stimulation of motor axon’;  Figure 3C - Put label “mFRT” on top. Draw arrow pointing to the balance board on the floor, when ‘center of pressure’ is mentioned in VO.]
7.3. Here, EOG data shows that during VBT, the FD ratio (pronounced F-D-ratio), or ratio of fixation duration on the target and the fixation duration on the cursor, increased while the normalized mean squared error decreased.
7.3.1. LABMEDIA: Figure 5A for FDratio & Figure 5B for MSEnormalized. [Video editor: Begin with Figure 5A. Highlight the y-axis, and draw a line through the data indicating the increase.  Then, when ‘normalized mean’ is mentioned in the VO, show Figure 5B.  Draw a line over the data from 0 to 100 indicating the decrease.] 
 
8. Conclusion (said by authors on camera)
8.1. Deepesh Kumar: While attempting this procedure, it is important to ensure the safety and comfort of the stroke subject. 
8.2. Anirban Dutta: Following this procedure, other methods like clinical assessment of balance and mobility can be performed in order to answer additional questions like how these quantitative indices are clinically mapped to a stroke subject’s functional deficits.
       


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments

