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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

2. Does your protocol include software usage? Y
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? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
The most important steps are in the screen captured videos.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
2.2, 3.1 and 4.1 are all installation steps and are the critical ones for successful implementation.
5. Will the filming need to take place in multiple locations? N


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)  - All interview statements may be edited for length and clarity.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author NameAhmet Arac: _Performing a detailed behavior analysis in neuroscience is crucial to understanding the brain-behavior relationship. One of the best ways to evaluate subject behavior is through careful observations. However, quantifying the observed behavior is time-consuming and challenging. Classical methods of behavioral analysis are not easily quantifiable and are inherently subjective. Recent developments in deep learning, a branch of machine learning and the artificial intelligence field, provides opportunities for automated and objective quantification of images or videos. Here, we present our recently developed methods utilizing deep neural networks to perform detailed behavior analysis in rodents and humans. __________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).


What is the main advantage of this technique?

1.2. Author NameSanjay Shukla: _The main advantages of this technique are its flexibility and applicability to any type of imaging data for behavior analysis. The DeepBehavior toolbox supports single object identification, multi-object detection, and human pose tracking. We also provide the postprocessing code in MATLAB for more in-depth kinematic analysis methods. __________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
1.3. 
	Comment by Sanjay Shukla: Word count: 142 / 150
OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.4. Author NameAhmet Arac: _The DeepBehavior toolbox is applicable for diagnostic approaches in disease models in animals or human subjects, but there is no direct therapeutic benefit. The use of these techniques as a diagnostic or a prognostic tool is under active research within our laboratory. __________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).	Comment by Sanjay Shukla: This would be a good point to add within the discussion of the manuscript. Going to need to delete to stay <150 words.

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.5. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.6. Author Name: ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Why is visual demonstration of this method critical?

1.7. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.8. Author Name: Demonstrating the procedure will be _________ (name of the person or persons), a _________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 
1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
2. Tensor Box
2.1. Begin by setting up TensorBox [1]. Activate the environment [2], then use GitHub to clone TensorBox and install it on the machine and on additional dependencies [3-TXT]. 
2.1.1. WIDE: Establishing shot of talent at the computer opening the appropriate software. 
2.1.2. SCREEN: tensorbox_part1.mov. 0:00 – 0:07. Video Editor: Emphasize the code source ~/jove/bin/activate.
2.1.3. SCREEN: tensorbox_part1.mov. 0:07 – 0:36. Video Editor: Emphasize the code git clone http://github.com/aarac/TensorBox.git, then cd tensorbox, then pip onstall -r requirements.txt. TEXT: http://github.com/aarac/TensorBox
2.2. Next, launch the labeling graphical user interface and label at least 600 images from a wide distribution of behavior frames [1]. To label an image, click the top left corner of the object of interest and then the bottom right corner, then make sure that the bounding box captures the entire object. Click Next to move to the next frame [2]. 
2.2.1. SCREEN: tensorbox_part1.mov. 1:05 – 1:19. Video Editor: Emphasize the code Python 2 make_json.py ~my_tensorbox_training_data/ labels.json.
2.2.2. SCREEN: tensorbox_part1.mov. 1:19 – 1:26. Video Editor: After this, the author continues to label images until 1:49, please show a few more images being labeled.
2.3. To link the training images to a network hyperparameters file, open overfeat_rezoom.json in a text editor [1] and replace the file path under train-idl to labels.json, then add the same file path under test-idl and save the changes [2]. Authors: Looks like train.json is used instead of labels.json in your manuscript. Should this be changed to match the screen captures?	Comment by ahmet arac: Sanjay: could you please double check this?	Comment by Sanjay Shukla: Can we instead change the manuscript to labels.json and leave the video as is?	Comment by ahmet arac: Yes we can.

2.3.1. SCREEN: tensorbox_part1.mov. 1:55 – 1:58. Video Editor: Feel free to slow this down or merge with the following shot, whatever flows better. 
2.3.2. SCREEN: tensorbox_part1.mov. 1:58 – 2:13. Video Editor: Emphasize the file paths being changed.  

2.4. Initiate the training script [1], which will begin training for 600,000 iterations and generate the resulting trained weights of the convolutional neural network in the output folder [2]. Then, perform prediction on new images [3].

2.4.1. SCREEN: tensorbox_part1.mov. 2:14 – 2:37. Video Editor: Emphasize the code Python 2 train.py --hypes hypes/overfeat_rezoom.json --gpu 0 --logdir output –gpu 0
2.4.2. SCREEN: tensorbox_part1.mov. 2:37 – 3:17. Video Editor: Speed this part up. Then show tensorbox_part2.mov. 0:00 – 0:13.
2.4.3. SCREEN: tensorbox_part2.mov. 0:21 – 1:10. Video Editor: Speed this part up and emphasize the finished code Python 2 label_images.py –folder …………………… --weights output/overfeat_rezoom_<timestamp>/save.ckpt-600000 --hypes /hypes/overfeat_rezoom.json --gpu 0. Then briefly show the contents of test_data_labeled folder at 1:33 – 1:37. Authors: Is this the output of the prediction? Yes, at 1:33 the outputs of the network are shown in the form of labelled images. Also, at 2:53 another output form is shown as bounding box coordinates	Comment by Sanjay Shukla: Yes, at 1:33 the outputs of the network are shown in the form of labelled images.
Also, at 2:53 another output form is shown as bounding box coordinates	Comment by ahmet arac: Sanjay?
3. YOLOv3
3.1. Install YOLOv3 [1], then label the training data with Yolo_mark [2] by placing the images in the Yolo_mark-data-obj folder [3] and labeling them one by one in the graphical user interface. Label approximately 200 images [4]. Video Editor: Feel free to speed up the video to match the VO for this step. 
3.1.1. SCREEN: yolo_3.1.mov. 0:00 – 0:19, then skip to 0:38 – 0:41. Video Editor: Emphasize the code git clone https://github.com/aarac/darknet, then cd darknet, then make. 
3.1.2. SCREEN: yolo_3.2.mov. 0:00 – 0:25. Video Editor: Emphasize the code git clone https://github.com/aarac/Yolo_mark, then cd ~/Yolo_Mark, then cmake, then make. 
3.1.3. SCREEN: yolo_3.2.mov. 0:25 – 0:39. Video Editor: Emphasize the code chmod +x ./Linux_mark.sh, then ./Linux_mark.sh. 
3.1.4. SCREEN: yolo_3.2.mov. 0:40 – end. 
3.2. Next, set up the configuration file [1]. To modify the configuration file, open the yolo-obj.cfg folder [2] and modify the batch, subdivision, and classes lines [3]. Then, change the filter for each convolution layer before a yolo layer [4-TXT]. 
3.2.1. SCREEN: yolo_3.3.1.mov. 0:20 – end. Video Editor: Emphasize code cd ~/darknet/cfg, then cp yolov3.cfg yolo-obj.cfg. 
3.2.2. SCREEN: yolo_3.3.2.mov. 0:00 – 0:05. 
3.2.3. SCREEN: yolo_3.3.2.mov. 0:05 – 0:39. Video Editor: Emphasize that batch (at 0:13), subdivision (at 0:16), and classes (at 0:26) are modified. These are the important parts, you can speed up everything else. 
3.2.4. SCREEN: yolo_3.3.2.mov. 0:40 – 1:05. Video Editor: Emphasize the change of filter. TEXT: See details at https://github.com/aarac/darknet/blob/master/README.md 
3.3. Download the network weights and place them into the darknet-build-x64 folder [1-TXT]. Run the training algorithm [2], and once it is complete view the iterations [3]. 
3.3.1. SCREEN: yolo_3.3.3.mov. 0:09 – end. TEXT: Download from https://www.dropbox.com/s/613n2hwm5ztbtuf/darknet53.conv.74?dl=0 
3.3.2. SCREEN: yolo_3.3.4.mov. 0:00 – 1:08. Video Editor: Speed this up and emphasize the code cd ~/darknet, then ./darknet detector train data/obj.data cfg/yolo-obj.cfg darknet53.conv.74
3.3.3. SCREEN: yolo_3.3.4.mov. Video Editor: Emphasize the code ./darknet detector demo data/obj.data cfg/yolo-obj.cfg at 0:28. Important parts are at 0:28, 0:41 – 0:45, and 0:50 – 0:53, speed through the rest of the video. 

3.4. Authors: 3.4 is highlighted in your manuscript but no SC was uploaded. Should we skip it? 
Yes.

4. Openpose: To track multiple body parts in a human subject, install OpenPose [1-TXT], then use it to process the desired video [2]. 	Comment by ahmet arac: Here we are also providing a new screen capture for Openpose installation and sample video running

4.1.1. SCREEN: openpose_prediction.mov. 0:00 – 0:02. TEXT: https://github.com/aarac/openpose 
4.1.2. SCREEN: openpose_prediction.mov. 0:02 – 1:05. Video Editor: Emphasize the code ./build/examples/openpose/openpose.bin --num_gpu 0…………..avi at 0:46.


















OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author name, Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


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: DeepBehavior Toolbox 
5.1. The capabilities of the Deep Behavior toolbox were demonstrated on videos of mice performing a food pellet reaching task [1]. Their right paws were labeled, and movement was tracked with front and side-view cameras [2]. After postprocessing with camera calibration, 3D trajectories of the reach were obtained [3].
5.1.1. LAB MEDIA: Figure 1 A. 
5.1.2. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the bottom row of images when VO says “front” and top row of images when VO says “side”. 
5.1.3. LAB MEDIA: Figure 1 B. 
5.2. The outputs of YOLOv3 (pronounce “yolo-V-3”) are multiple bounding boxes because multiple objects can be tracked [1]. The bounding boxes are around the objects of interest, which can be parts of the body [2]. Authors: Is this pronunciation correct? Yes
5.2.1. LAB MEDIA: Figure 2. 
5.2.2. LAB MEDIA: Figure 2 B. Video Editor: Zoom in on the mice with the boxes around them. 
5.3. In OpenPose, the network detected the joint positions [1] and, after postprocessing with camera calibration, a 3D model of the subject was created [2]. 
5.3.1. LAB MEDIA: Figure 3 A. 
5.3.2. LAB MEDIA: Figure 3 B (or C). Authors: Your figure only contains A and B, no C. Do you want to change the manuscript to refer to both photographs as A alone and to the 3D model as B? Or would you rather update the figure to match the text? Yes, the first option sounds good (“refer to both photographs as A alone and to the 3D model as B”)



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Author NameSanjay Shukla: _One critical step not covered in the protocol here is ensuring that your device has the appropriate python versions as well as GPU configured device before beginning. ___ (Step: __) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Author NameSanjay Shukla: ____ After successfully obtaining the tracked behavior from the network, additional post-processing can be done to further analyze the kinematics and patterns of the behavior.  (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. [bookmark: _GoBack]Author NameAhmet Arac: _ This technique is being used to investigate neural mechanisms of skilled motor behavior in rodents while also initializing clinical studies to evaluate motor recovery in patients with neurological diseases. ___ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.	Comment by Sanjay Shukla: No.
6.4. Author Name: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.


 2019, Journal of Visualized Experiments	Page 9 of 9
image1.png




