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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___No___ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) _No__ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.4, 2.5, 3.2, 3.3, 4.2, 7.5__________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect is accurate, simultaneous collection of data across the three acquisition systems.  We ensure successful collection by careful preparation of EEG, EMG, and motion sensors, utilization of custom software, and by incorporating the manual push button trigger into each protocol to synchronize data across systems and guide behavior of the subject. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to extend the concept of a mobile brain imaging framework to enable study of human brain-body dynamics in a wide range of locomotive tasks. (Intro)
This is achieved by first placing EEG, EMG, and motion capture sensors on a human subject. (P1, show first two human figures)
As a second step, the three data collection systems are synchronized with custom software and a push button trigger device, which provides a time-locked EEG, EMG, and motion capture data set. (P2, show middle two images (head graphic w/letters and the desk w/equipment))  

Next the subject completes 9 specific locomotive tasks within 4 different environments in order to capture brain-body dynamics during a variety of movements. (P3, show the Loop Walking and the Semi-circle Walking figures)
The results show brain activity measured via EEG during the locomotive tasks. (P4, fig 6)
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Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Dr. Jose Luis Contreras-Vidal: This method can help answer key questions in the field of brain machine interfaces and neuroprosthetics, such as: can movement intent, limb trajectory, or muscle activity be reconstructed from scalp recorded EEG signals during locomotive tasks.  
1.2. Dr. Thomas Bulea: The main advantage of this technique over existing methods is that we are able to wirelessly collect EEG, EMG, and motion capture data using a mobile setup, which greatly expands the available motor tasks and environments that can be explored.   
1.3. Dr. Atilla Kilicarslan: The implications of this technique also extend to the field of movement disorders and rehabilitation medicine, because these techniques can be extended for use in BCI based motor training strategies.  

1.4. **Dr. Contreras-Vidal: Demonstrating the procedure will be Recep Ozdemir a graduate student from my laboratory. (Add additional mention of demonstrators as necessary).  
1.4.1. The named technician, post doc, student looks up from workbench or desk and acknowledges the camera.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Videographer: there are a few audio cues (beep) try to record this if possible. 
2. Experimental Protocol 
2.1. To begin this protocol, first record the subject’s height, weight, and age.  Then adjust the treadmill speed to match the subject’s preferred walking speed. 
2.1.1. MED: The researcher measures the subjects weight and height using standard scale setup, and records the measurements 

2.1.2. MED: The subject walks on a treadmill as the researcher adjusts the speed (i.e. presses button on console) while standing beside the treadmill. 
2.2. Next, measure the distance between the nasion and inion. Using a felt tip pen, mark 10% of the distance as a reference for aligning the cap, and mark the midpoint of the distance as the vertex of the head. 
2.2.1. MED: Subject is sitting in a chair, researcher, using a measuring tape, measures the distance between the nasion and inion distance and marks the 10% of the distance with a felt tip pen and the midpoint of the distance for the vertex. 
2.2.2. CU: show a closer shot of the vertex after it is marked.
2.2.3.  MED: researcher (perhaps using measuring tape?) marks the 10% distance.  
2.3. Now place the EEG cap on the subject and align it to the reference landmarks. Align the midpoint between the Fp1 and Fp2 electrodes with the 10% distance mark, and align the Cz electrode with the marked vertex.  Secure the cap by strapping below the chin.
2.3.1. MED: researcher places the EEG cap on the subject
2.3.2. MED over the shoulder: Aligns the midpoint between the Fp1 and Fp2 electrodes with the 10% distance mark, and align the Cz electrode with the marked vertex.
2.3.3. MED: researched helps the subject secure the cap with the strap.
2.4. Next, starting with ground and reference electrodes, use a small syringe to inject electrolyte gel in each electrode until the impedance of each measures below 25 kΩ as indicated by the electrode LED turning green. Finally, connect the electrodes to the wireless transmitter for the data acquisition system.  
2.4.1. CU: researcher uses small syringe to inject electrolyte gel into a couple electrodes, until the light turns green. 
2.4.2. MED: researcher connects the electrodes.  

2.5. Next, prepare for surface electromyography by first shaving the skin and then cleaning with an isopropyl alcohol pad.  Then place an electrode on each of 8 prepared sites, 4 per leg, for the tibialis anterior, vastus lateralis, biceps femoris, and gastrocnemius.   
2.5.1. CU: researcher shaves a spot on the leg above the tibialis anterior, and then cleans with alcohol pad. 
2.5.2. CU: show researcher placing an electrode on the tibialis anterior. 
2.5.3. MED: show the legs with all sites with electrodes.  

2.6. Finally, place EMG ground electrodes on left or right wrist, and connect all EMG electrodes to the EMG data logging unit.
2.6.1. MED: researcher places EMG grounds on the L and R wrist. 
2.6.2. MED: researcher connects the EMG electrodes to the EMG data logging unit.
3. Motion Capture / Treadmill Walking
3.1. To set up for motion capture, first place the MARG sensors on the subject using Velcro straps or double sided tape. Attach the sensors at the locations listed here (show Table 2 and Figure 1).  Then, have the subject step onto the treadmill and attach a safety harness as seen here. Note to video editor:  2 VOs for “MARG” pronounced as one word and spelled out
3.1.1. MED: Researcher places a few MARG sensors on the subject using Velcro straps or double sided tape.
3.1.2. LAB MEDIA: show Table 2 alongside Figure 1.
3.1.3. MED: subject on the treadmill as researcher helps attach the safety harness. 
3.2. Prior to data collection, examine the EEG and EMG signals to verify correct electrode placement, electrode connection, and data transmission. Then, begin data collection by running the C++ console application. Press the manual trigger push button to initiate EMG recording and give an audio cue, a beep, to start the experiment. 
3.2.1. MED over the shoulder: researcher examines the EEG and EMG signals to verify signal… then begins data collection by running the C++ console application. {Comment: This was actually split into three shots: examining EEG, examining EMG, and then running the C++ console application}. (Video Editor: Not sure how these added shots were numbered, but you can refer to figures 5-8 to differentiate between EEG and EMG signals.)
3.2.2. MED: Researcher presses the manual trigger to initiate EMG recording and give an audio cue (beep) to start the experiment.  (pressing the trigger button used again below, get a few angles of this) (This shot numbering may have changed, depending on how they slated the additional shot for 3.2.1)
3.3. Instruct the subject to remain in quiet stance for 30 seconds. Then, after 30 seconds, push the trigger button to initiate walking.  The treadmill should slowly accelerate to the subject’s pre-selected speed. Have the subject walk for 5 minutes. 
3.3.1. WIDE: show as subject remains in a quiet stance.

3.3.2. WIDE: show as the treadmill accelerates to the subject’s preselected speed, 

3.4. After 5 minutes, push the trigger button to initiate the walk to stand transition by slowly stopping the treadmill.  After coming to a stop, the subject should remain standing for 30 seconds. Now press the ‘q’ button to stop data collection trial and save the data.
3.4.1. WIDE: show as the treadmill slowly stops.
3.4.2. MED: show the subject standing still on the treadmill.
3.4.3. (similar to 3.2.3?) MED over the shoulder: researcher presses the q button to stop data collection. used again below) 
3.5. Repeat this experiment with three visual conditions, including a black dot at a distance in front of the subject to focus on, real time observation of the legs on a video monitor, and avoidance of a diagonal line on the treadmill. 
3.5.1. MED: show subject walking as a black dot is ahead to focus on. 
3.5.2. MED: briefly, show subject walking with real time observation of the legs on a monitor. 
3.5.3. MED: briefly, show avoidance of a diagonal line on the treadmill. 
4. Arena Walking 

4.1. Next, move on to the walking arena. The walking arena should be set up by placing 5 sets of infra-red proximity sensors, cones, and television screen as seen here (show Figure 3).  Position the subject at the start of the arena walking loop (indicate in Figure 3) and begin data collection as previously described.  
4.1.1. WIDE: researcher brings  the subject to the start of the arena walking loop
4.1.2. LAB media: show figure 3. Indicate (highlight, or arrow points to) the X (top middle of the figure) with the second sentence. 
4.2. Now, push the trigger button to initiate the walking experiment.  At the time the trigger is given, the first directional arrow (Show on Screen: →, ←, or ↑) is displayed on the screen opposite the subject.  If a right arrow (→) or a left arrow (←) is observed, the subject should exit the set of cones at the entrance, turn 90o in that direction, complete the loop and return to the entrance cones. 
4.2.1. (use 3.2.3)  MED: Researcher pushes trigger to start the experiment
4.2.2. MED over the shoulder: subject sees a right or left arrow appear on the screen.

4.2.3. WIDE: show as the subject follows the direction given by a Right or Left arrow (turns right or left) 

4.3. If an up arrow is observed, the subject should continue straight out of the entrance cones.  A manual trigger and direction arrow should then be given when the subject reaches approximately 2 meters from the IR sensors.  
4.3.1. WIDE over the shoulder: at the starting point again, the subject sees an up arrow appear, and walks straight out of the entrance. {Comment: the arrows were difficult to see from the starting point, so they were filmed individually on the screen}. 
4.3.2. WIDE:  The subject sees a right or left arrow appear when he/she reaches 2 meters from the start.
4.4. The subject should then proceed through the first set of IR sensors and then make the corresponding 90o turn to complete the loop, returning to the entrance cones.  During walking, the experimenter should follow the subject at a distance of approximately 3-5 meters with the host PC on a wheeled cart to assure wireless signal quality.
4.4.1. WIDE: subject proceeds through the first set of IR sensors and then makes the corresponding 90o turn.
4.4.2. WIDE: Subject completes the loop, returning to the entrance cones.
4.4.3. MED over the shoulder: show the researcher 3-5 meters behind the subject with the host PC on a wheeled cart, 
4.5. The subject should continue walking when he or she reaches the entrance cones after completing a single loop. The sequence should be repeated with random ordering of arrows until 3 loops have been completed for each initial arrow (→, ←, or ↑)
4.5.1. WIDE: subject again at the entrance cones: another arrow appears in front. He/she follows the direction of the arrow. 
4.6. After completing the required number of loops, push the manual trigger button to signal transition to standing.  The subject should stand quietly for 30 seconds. Then terminate data collection by pressing the ‘q’ button on the host PC. 
4.6.1. WIDE: show subject standing quietly.
4.6.2. (USE 3.4.3) MED: researcher presses Q on the host PC
5. Arena Walking 2
5.1. For this section of the experiment, rearrange the arena walking course so that the five sets of IR sensors are positioned in a semi-circle in front of the subject (show Figure 4). Begin data collection as with the previous trials. 
5.1.1. LAB MEDIA: figure 4
5.1.2. Added shot: researcher moving a pair of IR sensors.  

5.2. Similar to the previous section, give a manual trigger to initiate walking.  At the time of the trigger, one of 5 direction arrows should display on the screen.  Each arrow corresponds to one set of IR sensors which are positioned around the arena.  
5.2.1. WIDE: an arrow appears in front of the subject {Comment: as before, arrows were not visible from starting point so they were filmed on screen separately}. 
5.2.2. LAB MEDIA: show figure 4 again, the IR sensors (squares) highlight. 
5.3. The subject should observe the arrow on the screen and walk to the corresponding set of IR sensors, making a U-turn around the cone beyond the sensors, passing through the sensors twice.  After making the U-turn, the subject should return to the starting point and continue walking. 
5.3.1. WIDE: subject sees the arrow and walks toward the corresponding set of IR sensors.

5.3.2. MED: subject makes a u turn around the cone beyond the sensors, passing through the sensors twice
5.3.3. WIDE: subject returns to the starting point and continues walking.
5.4. Repeat this sequence, with random ordering of arrows, until 3 loops have been completed for each arrow.  When the 3 loops are complete, push the manual trigger button when the subject reaches the starting point to signal transition to standing.  Complete data collection as previously described.  
5.4.1. WIDE: show subject in this arena as another arrow appears, and he/she walks toward the corresponding sensors. 
5.4.2. (use a version of 3.2.3)   MED: researcher presses trigger button. 
5.4.3. MED: show subject standing at starting point
6. Sit to Stand
6.1. Position a chair behind the subject and begin data collection. The subject should stand quietly for 15 seconds at the start of data collection. After 15 seconds, press the manual trigger button. After hearing the cue, the subject should transition from standing to sitting posture, holding sitting position until the next audio cue. 
6.1.1. WIDE: researcher places a chair behind the subject, then show subject standing quietly in front of chair.
6.1.2. WIDE: researcher presses button and the subject transitions from standing to sitting.  
6.2. Wait a random interval of 5 to 15 seconds, then press the manual trigger to give a cue for sit to stand transition. Have the subject hold the standing posture until the next audio cue. 
6.2.1. WIDE:  Button is pressed, and the subject transitions from sitting to standing.  
6.3. Repeat this procedure until 10 complete stand-to-sit and sit-to-stand maneuvers are complete, after which the subject should stand quietly for 15 seconds. Then, terminate data collection by pressing the ‘q’ button. 
6.3.1. MED over the shoulder: (from the researchers perspective) show the subject transitioning from standing to sitting as the researcher presses the trigger, then after 5 seconds, the trigger is pressed again and the subject stands.
6.3.2. MED: researcher presses the q button. (use 3.2.3)  
6.4. Next, repeat the stand-to-sit protocol for self-initiated stand-to-sit and sit-to-stand transition.  This time, rather than giving the subject a trigger to transition, have the subject initiate the transfer own their own until 10 of each maneuver is complete.
6.4.1. MED over the shoulder: (from the researchers perspective) again show the subject sitting, he/she stands without the researcher pressing the trigger. 
7. Hallway Walking

7.1. For hallway walking, position the subject and data collection cart in the middle of a 1/8th mile, straight hallway.  Begin data collection as with the treadmill walking experiments.  After the initial 30 second resting period, give a manual trigger (beep) to the subject to initiate walking.  
7.1.1. WIDE: researcher positions the subject in a straight hallway. 

7.1.2. WIDE: show subject standing, then he/she starts walking . 
7.2. Have the subject walk continuously for 5 minutes.  When the subject reaches within 10 meters of the hallway end, he or she should self-initiate a U-turn and continue walking in the opposite direction. 
7.2.1. MED: show the subject walking down the hallway.

7.2.2. WIDE: show the subject self-initiate a u-turn at the end of the hall.
7.3. After 5 minutes, push the manual trigger button to stop walking. The subject should stand quietly for 30 seconds while looking straight ahead, then terminate data collection. 
7.3.1. (similar to 3.2.3)  MED over the shoulder: researcher presses the manual trigger button (hear audio cue), and the subject stops walking.
7.3.2. MED: show subject standing still in the hall.
7.4. Next, begin a second hallway experiment.  After a random time interval of walking between 20 to 40 seconds long, give a manual trigger and audio cue to have the subject stop walking.  The subject should then remain standing for a short, random duration of 5-15 seconds. 
7.4.1. MED over the shoulder: we can see the subject walking for a few seconds, then researcher gives a trigger and subject stops, and remains standing.

7.5. Then, push the manual trigger button to have subject resume walking.  Repeat these steps until 10 cycles of stop-start are complete; and then terminate data collection.
7.5.1. MED: we hear an audio cue, and the subject starts walking again down the hall. 
8. Results: EEG, EMG, and motion capture data during walking 
8.1. Figure 5: Representative results from 10 seconds of treadmill walking are shown here.  The top panel shows 64 channel raw EEG data with channel name from 10-20 international convention. The middle panel shows acceleration in the vertical direction from 11 MARG sensors.  The bottom panel shows 8 channel raw EMG.  
· LAB MEDIA: 50602_Bulea_Figure5.png  Note to video editor: Two VOs for different pronunciations of “MARG” and : “10-20”
8.2. Figure 6: This figure shows representative data from one loop of walking during the arena I protocol in.  Vertical black bars indicate triggers; the first trigger is from the push button presenting the right (→) arrow, the last four are from IR sensors IR1-IR4 (Figure 3) as the subject traverses the loop.  
· LAB MEDIA: 50602_Bulea_Figure6.png
8.3. Figure 7: And here we see sample data from stand-to-sit and sit-to-stand transition.  EEG, acceleration, and EMG data are presented as in the first figure.  Vertical bars indicate manual triggers to initiate standing and sitting, respectively.  
· LAB MEDIA: 50602_Bulea_Figure7.png
8.4. Figure 8: Finally, this figure shows sample data from the transition from standing to walking and walking to standing during the hallway walking task.  Vertical bars indicate manual triggers and audio cue to begin and stop walking, respectively.
· LAB MEDIA: 50602_Bulea_Figure8.png
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 
2. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
2.1. Dr. Atilla Kilicarslan: While attempting this procedure, it’s important to remember that EEG and EMG are sensitive to motion artifacts and thus, it is critical to assure that the EEG cap and EMG sensors are stable and secure on the subject.

2.2. Dr. Thomas Bulea: Following this procedure, other methods such as independent component analysis and generalized linear regression can be performed to isolate artifacts from electrocortical signals and extract limb kinematics.
2.3. Dr. Jose Luis Contreras-Vidal: After its development, this technique will enable researchers in the field of brain machine interfaces to explore noninvasive (EEG) techniques for reconstruction of muscle activation and limb movement during walking tasks in natural environments.
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, 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.  

3.1 – 50602_Bulea_Table2.xlsx – Table of motion capture sensor placements
3.1 – 50602_Bulea_Figure1.png – Data acquisition setup

4.1 – 50602_Bulea_Figure3.png – Schematic representation of the arena loop walking course

5.1, 5.2 – 50602_Bulea_Figure4.png – Schematic representation of arena semi-circle walking course

8.1 – 50602_Bulea_Figure5.png – Representative results from treadmill walking

8.2 – 50602_Bulea_Figure6.png – Representative results from arena loop walking
8.3 – 50602_Bulea_Figure7.png – Representative results from sit-to-stand 

8.4 – 50602_Bulea_Figure8.png – Representative results from hallway interval walking 
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.
( 2011, Journal of Visualized Experiments


