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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? 
Steps 2.6, 3.5, 4.11, 5.1
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Step 3.5: It is hard to film inside of the turning table because the box outside is opaque. However, there is a hole on the top. We will see if you can film through the hole.
Step 4.11: The quality of the neural signal from the subject is not very poor now. We will replay some recorded data.
5. Will the filming need to take place in multiple locations? NO


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)

1.1. Kedi Xu: The neural principles underlying reach and grasp have been studied extensively in past decades, however, few devices have been developed to enable a flexible combination of both movements in one task [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Junjun Chen: By coupling a custom turning table with a 3D translational device, our apparatus enables a trial-wise combination of multiple positions in 3D space, and differently shaped objects in each position [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera)

1.3. Kedi Xu: Our apparatus provides a valuable platform to study upper limb functions and their underlying neural principles. It may also facilitate simultaneous reconstruction of reaching and grasping movements in brain-machine interfaces [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. All behavioral and surgical procedures conformed to the Guide for the Care and Use of Laboratory Animals (China Ministry of Health) and were approved by the Animal Care Committee at Zhejiang University, China.
1.5. 

Section - Protocol
2. 3D translational device
Videographer comment: *Apologies for out of focus slating - am attempting to fix this further, have made voice notes to accompany if needing more clarity. 
2.1. Begin by fix two Y-rails onto the top surface of the frame in parallel by securing the pedestals to the top surface with screws [1].
2.1.1. Talent affixes one Y-rails onto the top surface of the frame. Screw in one pedestal. 

2.2. [bookmark: OLE_LINK4]Then, connect two Y-rails with a connecting shaft and two diaphragm couplings [1].  Tighten the lock screws of couplings to synchronize the shafts of two rails [2]. Put six nuts into the back grooves of the Z-rail [3], and attach one side of the right triangle frame to the back of the Z-rail with screws [4]. 

2.2.1. [bookmark: OLE_LINK1]Talent connects one Y-rail as an example with a connecting shaft and two diaphragm couplings. The other y-rail should already be connected. 

2.2.2. CU: Tight one lock screw.

2.2.3. Put one nut into the back groove of the Z-rail.

2.2.4. Attach one side of the right triangle frame to the back of the Z-rail with screws
2.3. Pull the triangle frame to the end that is distal to the shaft and tighten the screws [1].  Attach the other right triangle frame to the other Z-rail in the same way [2].  Fix the other right-angled sides of two triangle frames to the sliders of two Y-rails with screws [3].
2.3.1. Pull the triangle frame to the end that is distal to the shaft and tighten one screw.
2.3.2. Attach the other right triangle frame to the other Z-rail and tighten on screw.
2.3.3. Fix the other right-angled sides of two triangle frames to the sliders of two Y-rails with screws.
2.4. Next, connect two Z-rails with a connecting shaft and diaphragm couplings and tighten the lock screws of coupling [1].
2.4.1. Talent connects one Z-rail with a connecting shaft and diaphragm couplings and tighten the lock screws of coupling. 
2.5. Attach the two T-shaped connecting boards to the back of the X-rail with nuts and screws [1]. Then, pull the two T-shaped boards to the two ends of the X-rail and tighten the screws [2].
2.5.1. Talent attaches one T-shaped connecting board to the back of the X-rail with a nut and screw
2.5.2. Talent pulls one T-shaped board to the end of the X-rail and tightens the screw. The other one should already be connected.
2.6. Pull the sliders of two Z-rails to the bottom [1].  Fix the two T-shaped connecting boards onto the sliders of two Z-rails with screws, respectively [2]. [Note to videographer: Authors find this step important.]
2.6.1. Talent pulls the sliders of two Z-rails to the bottom. 
2.6.2. Talent fixes the two T-shaped connecting boards onto the sliders of two Z-rails with screws, respectively.
2.7. Insert the servo motor into the shaft hold of the gearhead [1] and screw their flanges together [2]. 
2.7.1. Talent inserts the motor into the shaft hold.
2.7.2. CU: Talent tightens the screw. 
2.8. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Finally, screw the connecting ring to the shaft end of the X-rail [1]. Insert the shaft of gearhead into the coupling and screw the gearhead to the connecting ring [2] Tighten the lock screw of the coupling [3]. 
2.8.1. Talent secures the connecting ring to the shaft end of the active X-rail with one screw
2.8.2. Talent inserts the shaft of gearhead into the coupling and secures the gearhead to the connecting ring with one screw  Videographer comment: Shot 2.8.2 slated as 2.8.1 in addition to 2.8.1 shot.
2.8.3. [bookmark: OLE_LINK2]Talent tightens the lock screw of the coupling.
3. Assembling the Turntable
3.1. Begin by placing the touch sensors into the groove of the object body and stick them onto the predefined touch areas with double sided tape [1].
3.1.1. Talent sticks one touch sensor in the groove of the object body with double sided tape.
3.2. Pass the wires through the hole of the object backboard [1] and fix the cover board onto the object body with screws [2]. Then, pass the wires through the holes on the sides of rotator and screw the objects onto the rotator [3].
3.2.1. CU: Talent passes the wire through the hole of the object backboard  
3.2.2. Talent secures the cover board onto the object body with screws
3.2.3. Talent passes the wires of the touch sensors through the holes on the sides of rotator and screw the objects onto the sides of the rotator .
3.3. Solder the wire ends of touch sensors to the rotating wire ends of the electric slip ring  [1] and wrap the joints with electrical tape [2].
3.3.1. CU: Talent solders the wire end. 
3.3.2. CU: Talent wraps the joint with tape. 
3.4. Screw the case to the slider of the X-rail [1]. Place the bearing in the bottom hole of the box [2].
3.4.1. Talent screw the case to the slider.
3.4.2. Talent places the bearing in the bottom hole of the box Author comment: Not shown in video
3.5. Next, put the rotator into the case from the right [1], and pass the wires of the electric slip ring through the top hole of the case [2]. Then, insert the metal shaft into the bearing from the top hole of the case [3] and fit the shaft key to the keyway of the rotator [4]. [Note to videographer: Authors find this step important.]
3.5.1. Talent places the rotator into the case from the side Author comment: Not shown in video
3.5.2. Talent passes the wires of the electric slip ring through the top hole of the case
3.5.3. Talent inserts the metal shaft into the bearing from the top hole of the case. Top hole is opaque -try to film through that. 
3.5.4. Talent fits the shaft key to the keyway of the rotator 
3.6. Set the electric slip ring around the metal shaft [1]. Place the end of the locating bar into the notch of the electric slip ring to prevent the outer ring from rotating [2].
3.6.1. Talent sets the electric slip ring around the metal shaft.
3.6.2. Talent places the end of the locating bar into the notch of the electric slip ring to prevent the outer ring from rotating

3.7. Insert the stepping motor shaft into the metal shaft hole [1] and fix the motor on the top of the box with screws [2]. Stick a tricolor LED onto the front side of the case with tape [3].

3.7.1. Talent inserts the stepping motor shaft into the metal shaft hole.

3.7.2. Talent secures the motor on the top of the box with one screw.

3.7.3. Talent sticks a tricolor LED onto the front side of the case with tape.

3.8. Finally, screw the right side board onto the case [1] and insert the control wires of servo motors, LED, touch sensors into the digital ports of a data acquisition or DAQ (pronounced d-a-q) board [2].

3.8.1. Talent secures the right side of case with screws.

3.8.2. Talent inserts wires into the port of DAQ board.
4. Experimental Session 
4.1. [bookmark: OLE_LINK3]To initialize the three-dimensional translational device and turning table, pull the sliders of all linear slide rails to the starting point, and turn the first object of the turning table to face the front side of the turning table [1].
4.1.1. Talent pulls sliders to the lower left corner, and turns the vertically placed handle on the turning table. 
4.2. Next, enter the coordinates of all positions in a matrix into a text document [1]. Ensure that each row includes the x-, y-, and z-coordinates of one position separated with a space, and then save the document [2].
4.2.1. MED-over shoulder: Talent at the computer, enter the coordinates of all positions in a matrix into a text document.
4.2.2. MED-over shoulder: Talent at the computer, clicks ‘save’. 

4.3. Then, open the paradigm software, click Open File in the Pool panel and select the text document to load the presentation positions into the paradigm software  [1].
4.3.1. SCREEN: To be provided by the authors.
Authors, please upload this screen capture to your project page.

4.4. Check the objects to be presented in the experiment in the Object Pool of paradigm software. Then, adjust experimental parameters in the Time Parameters panel of paradigm software. Set Baseline at 400 ms, Motor Run = 2000 ms, Planning = 1000 ms, max Reaction Time = 500 ms, max Reach Time = 1000 ms, min Hold Time = 500 ms, Reward = 60 ms, and Error Cue = 1000 ms [1].
4.4.1. SCREEN: To be provided by the authors 
Authors, please upload this screen capture to your project page.

4.5. Next, fix the monkey chair to the aluminum construction frame. [1].

4.5.1. Talent affixes the monkey chair to the aluminum construction frame  Author comment: The monkey’s head is not shown in this shot.

4.6. [bookmark: OLE_LINK7]Attach three reflective markers at the end of the arm with double-sided tape [1]. Make sure that the three markers form a scalene triangle [2].

4.6.1. Talent attaches one market at the end of the arm close to wrist with tape. 

4.6.2. Show 3 markers forming a scalene triangle.

4.7. Then, in the paradigm software, click Run to start the task. Click the Record button on the Motion Capture panel of the Cortex software to record trajectories of three markers for 60 s when the monkey is doing the task. Click the Stop button to end the experiment [1].

4.7.1. SCREEN: To be provided by the authors 
Authors, please upload this screen capture to your project page.

4.8. Build a tracking template of three markers on the software using the recorded trajectories and save the template [1].

4.8.1. SCREEN: To be provided by the authors 
Authors, please upload this screen capture to your project page.

4.9. Then, connect the ground wire of the front-end amplifier to the ground of micro-electrode array, which is implanted in the motor cortex of monkey. Insert the head stages into the connector of the micro-electrode array [1].

4.9.1. Talent connects the ground wire of the front-end amplifier to the ground of micro-electrode array and inserts the headstages into the connector of the micro-electrode array.

4.10. Open the Central software of neural signal acquisition system. Open the synchronization software. Click the three Connect buttons in the Cerebus, Motion Capture, and Paradigm panels to connect the synchronization software with the neural signal acquisition system, motion capture system, and the paradigm software, respectively [1].

4.10.1. SCREEN: To be provided by the authors 
Authors, please upload this screen capture to your project page.

4.11. Finally, click the Run button of the paradigm software to start the task again, followed by the Record button on the File Storage panel of Central software to start recording the neural signals. Check the saved tracking template and click the Record button on the Motion Capture panel of Cortex software to start recording the trajectory of monkey’s wrist [1].

4.11.1. [bookmark: _GoBack]SCREEN: To be provided by the authors 
Authors, please upload this screen capture to your project page.
Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

5. Results: Monkey reach-to-grasp task performed on automatic apparatus.
5.1. The trajectory of the wrist during the reaching phase in all successful trials was extracted and divided them into eight groups based on target positions [1]. The ends of eight groups of trajectory forms a cuboid, which has the same size as the predefined cuboid workspace [2].
5.1.1. LAB MEDIA: Figure 5.  Video editor: Highlight each color trajectory one at a time.
5.1.2. LAB MEDIA: Figure 5.  Video editor: Emphasize the cube. 

5.2. Here the peristimulus time histogram shows two example neurons tuning both reaching position and objects is shown [1]. The neuron on the top show’s significant selectivity during the reaching and holding phases, while the neuron on the bottom starts to tune positions and objects from the middle of the “motor run” phase [2].

5.2.1. LAB MEDIA: Figure 6. Video editor: Show the top graph for A and the top graph for B.

5.2.2. LAB MEDIA: Figure 6. Video editor: Highlight the reach and hold columns on the far right of 6A. Then, highlight the column of data in the ‘motor move’ section for 6B. 




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera)

6.1. Junjun Chen: As the paradigm software could not read the position of the motors, it is essential to initialize the translational device and turning table at fixed positions before each session [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. (Video editor: This corresponds to step 4.1)
6.2. Junjun Chen: To fully control when the subject could see the target object and its position, a switchable glass could be installed in front of the apparatus [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Kedi Xu: By using our apparatus, it is now feasible to study the neural interaction between reaching and grasping movement, which may help to simultaneously decode the reach trajectories and grip types [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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