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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.2, 2.3, 2.5, 2.7, 3.1, 3.4
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 3.1 and 3.4
3.1: Having good images is a prerequisite for a successful image processing. This is met by the trial-and-error procedure described in MS step 5.1.1.
3.4: Ideal flow conditions for image analysis described here imply a limited number of particles in the acquired frames. This is met by direct observation of the experiment in progress and adjusting the amount of feeding if necessary.
[bookmark: Introduction]E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this procedure is to measure the trajectories of individual particles transported by a flow as bed-load over a large area of observation to avoid experimental bias related to the maximum length of measurable tracks. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. A. Radice: This method can help answer key questions about sediment transport mechanics, as it provides detailed information about the particles’ motion and rest events.
1.2. S. Sarkar: The main advantage of this technique is that the transported particles can be tracked for long distances, enabling long jumps to be observed.
*1.2 to be provided by authors
VideoEditor (VE): A backup statement for 1.2 was recorded by F. Ballio. Interview clip provided by Sarkar is to be preferred if possible.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. F. Ballio: We first had the idea for this method while analyzing data from earlier experiments, when we recognized that particles could be transported over longer distances than our observation window.


[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. System Preparation
2.1. First, prepare a set of steel plates covered in a layer of the sediment particles of interest. [1-MED-Over shoulder] Coat the sediment surface in water-resistant black paint. [2-CU]
2.1.1. Talent lays out the coated, painted plates near the flume.
2.1.2. The surface of the coated, painted plate.
2.2. Next, place PVC supports on the bottom of the flume (floom /flu:m/) [1-MED] and lay the plates on the supports. [2-MED]
2.2.1. Talent sets the PVC supports in the flume.
2.2.2. Talent places a plate on the supports.
2.3. Adjust the plate placement as needed to ensure that the sediment bed is continuous. [1-CU] Then, cover the channel with transparent acrylic lids. [2-MED]
2.3.1. Talent adjusts the positions of adjacent plates to ensure that there is no space between them.
2.3.2. Talent places the lids on the channel.
2.4. Set the flume to the desired slope [1-MED]. Then, turn on the flume pump…[1b-?] and fill the channel with water [1c-?]. Set the flow rate using the regulation valve. [2-MED]
2.4.1. Talent sets the flume slope, and then turns on the flume pump.
2.4.1.B CU for the pump switch turned on.
2.4.1.C The channel being filled with water.
2.4.2. Talent checks the flow rate, and then adjusts the regulation valve.
2.5. Set the elevation of the pressure head to slightly above the channel lids using the tail-water regulator. [1-MED] Ensure that the flow is covered without exerting significant force on the lids. [2-CU]
2.5.1. Talent adjusts the tail-water regulator to set the pressure head elevation.
2.5.2. The water flowing through the channel without exerting a significant buoyancy force on the lids. {This shot is included at the end of 2.5.1}
2.6. Check the flow rate and pressure head elevation every 15 minutes until the change between measurements is small, indicating a stable flow. [1-MED]
2.6.1. Talent checks the flow rate and pressure head elevation.
2.7. Then, mount an ultrasonic velocity profiler in a holder with a predetermined inclination. [1-MED]. Apply ultrasound gel onto the probe tip. [2-CU]. Place the probe above the flume lid, with the probe tail towards the channel inlet. [3-MED].
2.7.1. Talent sets the probe in its mount.
2.7.2. Talent applies the gel on the probe tip.
2.7.3. Talent places the probe on the channel lid, with the probe tip towards the inlet.
2.8. A. Radice: Proper placement of the probe and gel is crucial to obtaining good velocity profiles for characterization of the background hydro-dynamic conditions. [1-MED]
2.8.1. Talent speaks towards the camera, interview style.
2.9. Connect the probe to the acquisition module and configure the instrument for instantaneous velocity profiles. [1/2-MED/SCREEN] Acquire the desired number of velocity profiles. [2-SCREEN]
VE: Due to people availability on the day of shoot, we had to record 2.9 and 2.10 at the end of the day. This created an inconsistency in the work flow as some white particles (that will be fed later in the procedure) may be visible on the channel bed. Please consider trimming the videos to fix this.
A shot of the screen was captured, but it will be flickering. Therefore, we also provide static screenshots of the instrument.
2.9.1. {Added shot}. Talent connects the probe, then goes to the computer for configuration, finally saves the result after the desired number of profile has been acquired.
2.9.2. *To be provided by authors: Screen capture of Emission panel (for pulse repetition frequency and emitting frequency, 2-9-2-1.bmp); Reception panel (for resolution, 2-9-2-2.bmp); Processing conditions panel (for number of profiles, 2-9-2-3.bmp); Compute panel (for choosing velocity and echo, 2-9-2-4.bmp). TEXT: Screen captures from DOP2000 velocity profiler. Velocity on the left, echo on the right.
2.9.3. *To be provided by authors: Screen capture footage of the data collection starting. 
2.10. Then, reverse the position of the probe and acquire another set of velocity profiles. [3-WIDE] Acquire velocity profiles in this way for each measuring location on the flume. [2-MED-Over shoulder]
2.10.1. Talent reverses the probe, applies more ultrasound gel, and then goes to the computer. {Same comment as above about the presence of white particles.}
2.10.2. Talent, at the computer, starts acquiring a new velocity profile.
2.11. Then, calculate the average velocity value for each location and determine the stream-wise and vertical velocity components. Adjust the values accordingly for the medium through which the acoustic beam traveled. [1-SCREEN-TXT]
2.11.1. *To be provided by authors: Screen capture footage of entering the time-averaged velocities and the probe inclination into an Excel worksheet to calculate the stream-wise and vertical velocity components. TEXT: for details on the used equations see the manuscript
2.12. Identify a range of elevations at which the stream-wise velocity component profile shows a linear trend in a semi-logarithmic plot. [1-SCREEN] Fit the curve to a logarithmic equation and estimate the shear velocity. [2-SCREEN]
2.12.1. *To be provided by authors: Screen capture footage of identifying a linear portion in the velocity profile.
2.12.2. *To be provided by authors: Screen capture footage of fitting the lower part of the plot with a logarithmic equation.
3. Bed-Load Sediment Transport Experiment
3.1. To begin the experiment, set the frame rate and resolution of two action cameras to the desired parameters. [1-MED-Over shoulder] Mount the cameras on the lateral walls of the lids, facing the channel bottom, close enough together that the focus areas overlap. [2-MED]
3.1.1. Talent sets the cameras to the desired frame rate and resolution.
3.1.2. With one camera already mounted, talent mounts the second camera on the flume lid.
3.2. Ensure that the flume is marked with visual reference points for known distances. [1-MED]
3.2.1. Talent points out the stickers attached to the flume walls.
3.3. Record a short video with each camera. Based on the recordings, [1-MED] adjust the camera positions and orientations [2-MED] to ensure that the channel is in frame and the focus areas overlap. [3-SCREEN]
3.3.1. Talent views the test videos.
VE: Due to people availability on the day of shoot, we had to record 3.3 at the end of the day. This created an inconsistency in the work flow as some white particles (that will be fed later in the procedure) may be visible on the channel bed. Please consider trimming the videos to fix this.
3.3.2. Talent adjusts the position of one camera.
3.6.3 {Added, replacing 3.3.3 that was removed – NOTE might be labeled 3.6.3} Movies from the two cameras, showing the image change when light is switched off. VE: they should be played simultaneously and beside each other, 03-6-2-1.avi on the left and 03-6-2-2.avi on the right.
3.4. Verify that the flow through the channel is stable. Then, begin slowly feeding the particles of interest by hand into the flume inlet [1-MED] at a rate of 1 particle every 2 to 3 seconds. [2-CU]
3.4.0 {Added shot} CU for white particles to be fed. Use if possible along with 3.4.1, if it looks okay
3.4.1. Talent checks the flow rate and pressure head elevation, and then starts feeding particles into the flume inlet.
3.4.2. The particles being fed into the flume inlet.
VE: While doing the experiment on the day of shoot, at the beginning we fed too many particles compared to intention. In the following part of the movie, the rate reduces. This part should be therefore preferred if possible.
3.5. F. Ballio: We feed small amounts of sediment because having few particles in the field of view is important for straightforward particle tracking. At low discharges, however, some particles may get stuck in the focus area. [1-MED]
3.5.1. Talent speaks towards the camera, interview style.
3.6. Start recording with both video cameras. Turn off the room lights to create a marker for later camera synchronization. Maintain a constant light level throughout the experiment. [1-WIDE-TXT]
3.6.1. Talent starts both cameras recording, and then turns off the room lights. (TEXT: If ambient light is insufficient for filming, use another visual or auditory synchronization cue.)
3.7. Continue feeding particles into the flume for the desired experiment duration. [1-MED-Over shoulder] Then, stop the cameras and remove trapped particles from the sediment bed. Repeat the experiment under other hydrodynamic conditions as needed. [2-WIDE]
3.7.1. Talent feeding particles into the flume, with the room lights off.
3.7.2. Talent turns off the cameras, and then takes off the flume lid and uses a brush to dislodge particles trapped on the sediment bed {performed after switching the light back on}.
4. Image Processing and Particle Tracking
4.1. To begin processing the images extracted from the videos, first apply a radial transformation to the pixel coordinates so that the flume sides appear as straight lines. [1-SCREEN]
4.1.1. *To be provided by authors: Screen capture footage of adjusting the calibration factor, checking how the transformation changed the appearance of the flume sides, and then adjusting the calibration factor again.
4.2. Determine the conversion factor from pixels to distance based on the bed elevation and the reference markers for known distances. [1-SCREEN]
4.2.1. *To be provided by authors: Screen capture footage of using ginput to check the pixel coordinates of the reference markers.
4.3. Then, create a new image sequence in the fluid flow image analysis software. Fill in the time interval between frames and the pixel-to-distance conversion factor for the image sequence. [1-SCREEN-TXT] Select the files of interest and run the process. [2-SCREEN]
4.3.1. *To be provided by authors: Screen capture footage of clicking on Image | Create image sequence and filling in the sequence name, time step, and the x and y conversion factor. TEXT: Software Streams by R. Nokes, University of Canterbury, New Zealand
4.3.2. *To be provided by authors: With the files selected in the file browser, screen capture footage of clicking ‘Add’ to return to the image tab and ‘OK’ to run the process.
4.4. Generate intensity maps of a random selection of particle images from the sequence. [1-SCREEN-TXT] Identify an appropriate threshold value for the intensity of the particles of interest. [2-SCREEN]
4.4.1. *To be provided by authors: In the image view of the sequence, screen capture footage of drawing the rectangle on the image, right-clicking in the rectangle, selecting ‘ShowIntensityMatrix’, and the image intensity matrix window opening. (TEXT: Hold ‘Shift’) (Video editor: Show the text caption only while the rectangle outline is white.)
4.4.2. *To be provided by authors: Screen capture footage of hovering the cursor over a few example spots to show the changes in intensity values between the background and the spots.
Authors: You do not need to add text captions to the screen capture recordings; this will be done during video editing.
4.5. Then, create a filter pipeline for the sequence. [1-SCREEN] Set the filter to background removal. [2-SCREEN] Create a new particle identification algorithm using a single threshold. Fill in the particle intensity and diameter thresholds. [3-SCREEN]
4.5.1. *To be provided by authors: In the sequence process view, screen capture footage of clicking ‘New’, clicking on ‘Filter images pipeline’, and clicking ‘OK’ to show the filter pipeline naming window.
4.5.2. *To be provided by authors: In the filter window, screen capture footage of clicking ‘New’ and selecting ‘Remove background’.
4.5.3. *To be provided by authors: In the process selection window, screen capture footage of clicking ‘Identify particles’, ‘OK’, ‘Single threshold (Monochrome)’, ‘OK’, selecting the ‘Algorithm’ tab, and entering the threshold value and minimum and maximum diameters.
4.6. Add the particle identification processes to the filter pipeline, and then execute the processes. [1-SCREEN] Once filtering has finished, open the image view of the newly-created particle record. [2-SCREEN]
4.6.1. *To be provided by authors: Screen capture footage of clicking on the filter pipeline, clicking ‘Add to pipeline’, clicking on the single threshold, clicking ‘Add to pipeline’, and clicking ‘Execute’ and the process starting.
4.6.2. *To be provided by authors: Screen capture footage of right-clicking on the particle record and clicking ‘Open particle view’.
4.7. Scroll through the frames and note the particle displacements between images. [1-SCREEN]
4.7.1. *To be provided by authors: In the particle view window, screen capture footage of using the cursor to hover over a particle to display its coordinates, clicking on the forward arrow to bar to advance through the frames, and then hovering over a particle again.
4.8. Then, create a new PTV (P-T-V) analysis pipeline. [1-SCREEN] Create a new analysis and select ‘Distance’ in the ‘Costings’ tab. [2-SCREEN] Fill in the search window position and dimensions. [3-SCREEN]
4.8.1. *To be provided by authors: In the process selection window, screen capture footage of clicking ‘PTV analysis pipeline’, ‘OK’, and ‘OK’ again on the next window. 
4.8.2. *To be provided by authors: In the analysis window, screen capture footage of clicking ‘New’, clicking the ‘Costings’ tab, and clicking the ‘Distance’ checkbox.
4.8.3. *To be provided by authors: In the ‘Optimisation’ tab, screen capture footage of filling in the values for the fields under ‘Search window relative to particle position’.
4.9. Add the new process to the pipeline and execute the process. Use track reconnection to fix any interruptions in the individual particle records. [1-SCREEN] Repeat this process for the second camera recording. [2-SCREEN]
4.9.1. *To be provided by authors: Screen capture footage of closing the window showing analyses defined for that pipeline, clicking on the pipeline name, clicking ‘Add to pipeline’, and clicking ‘Execute’.
4.9.2. *To be provided by authors: In the ‘Image files’ tab of the ‘Create Image Sequence’ window, screen capture footage of clicking ‘Add’ and selecting the next set of files to be made into a sequence.
4.10. Then, in a specialized image processing module, select the track files for both cameras and click ‘Find track properties’. [1-SCREEN] Compare images from the upstream and downstream cameras to determine the coordinate shift between cameras. [2-SCREEN]
4.10.1. *To be provided by authors: Screen capture footage of clicking the ‘…’ button for ‘File from upstream camera’, selecting the data file, clicking the ‘…’ button for ‘File from downstream camera’, selecting the data file, and clicking ‘Find track properties’.
4.10.2. *To be provided by authors: Screen capture footage of using the cursor to show the difference in position of a marker in pictures from the upstream and downstream cameras.
4.11. Fill in the coordinate shift for the downstream camera and click ‘Make reference system uniform’. [1-SCREEN] [2-SCREEN]
4.11.1. *To be provided by authors: Screen capture footage of filling in the values for ‘Shift in x’ and ‘Shift in y’, and clicking ‘Make reference system uniform’.
4.11.2. *To be provided by authors: Screen capture footage of using the cursor to compare the coordinates for pictures from the upstream and downstream cameras. {Shot removed.}
4.12. Fill in the bounds of the area of overlap between the images. Remove all trajectories smaller than the length of the overlapping area. Merge the particle track databases and fill in the overlap tolerances. Then, join the tracks. [1-SCREEN]
4.12.1. *To be provided by authors: Screen capture footage of filling in the values for ‘Limits of the overlapping region’, filling in the value for ‘Remove shorter than or equal to’, clicking ‘Remove shorter than or equal to’, clicking ‘Merge tables’, filling in the values for ‘Tolerance in x’ and ‘tolerance in y’, and clicking ‘JOIN’.
4.13. Once the process is completed, save the results [1-SCREEN], and then analyze the track data to investigate the bed-load particle kinematics (kin-uh-mat-icks /ˌkɪn əˈmæt ɪks/). [2-SCREEN]
4.13.1. *To be provided by authors: Screen capture footage of scrolling through the track data. {Removed}
4.13.2. *To be provided by authors: Screen capture footage of filling in a file name for the data and clicking ‘Save joined tracks’.
5. Results: Bed-Load Particle Kinematics of Polybutylene Terephthalate (PBT) Particles
5.1. The measured flow velocity profile was asymmetric, which was attributed to a difference in roughness between the sediment bed and the channel lid. [1-LM] The upstream and downstream cameras showed 37 and 34 tracks, respectively, over 100 seconds. [2-LM] After joining the data from both cameras, 59 tracks were identified in total. The longest track spanned the full observation window, for a total length of approximately 1.6 meters. [3-LM]
5.1.1. Figure 02.tiff
5.1.2. Figure 03-top.eps
5.1.3. Figure 03-bottom.eps
5.2. The tracks were analyzed to identify when the particles were in motion or at rest on the sediment bed. The large area of observation allowed long hops to be identified, with hops of up to 600 mm being observed under these hydrodynamic conditions. Shorter, faster hops were found to occur most frequently. [1-LM]
5.2.1. Figure 04.tiff: During “with hops of…conditions”, highlight the right half of the upper graph. During “Shorter…frequently”, highlight the left third of both graphs.
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. F. Ballio: After watching this video, you should have a good understanding of how to perform bed-load sediment transport experiments for image-based particle tracking over large areas.
6.2. S. Sankar: While attempting this procedure, remember to ensure that the lighting of the experiment is good. Even though images can be corrected in many ways, starting from high-quality images simplifies a lot of the following work.
6.2 to be provided by authors
VE: A backup statement for 6.2 was recorded by A. Radice. Interview clip provided by Sarkar is to be preferred if possible.
6.3. [bookmark: _GoBack]A. Radice: After its development, this technique paved the way for researchers in the field of sediment transport to explore a variety of quantitative indicators of sediment mechanics for process interpretation and modeling.

[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .pptx or .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17041618

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

From authors: I uploaded some movies that could be useful for the video:

· sample_profiler_screenshot.avi (not a good quality, this was taken with a camera filing the screen)
· sample_102_extract_original (from steps 5_3, 5_4).avi (extract of a GoPro video)
· picture undistortion (step 6_1).avi (video created in MatLab)
· sample_102_extract_undistorted (result of step 6_1).avi (also created in MatLab)
Streams:
· MS step 7.1 – step 7_1.avi
· MS step 7.2.1.1 – step 7_2_1_1.avi
· MS step 7.2.2.1 – step 7_2_2_1.avi
· MS step 7.2.2.2 – step 7_2_2_2.avi
· MS steps 7.3.1 and 7.3.2 – step 7_3_1 and 7_3_2.avi
· MS steps 7.3.3-7.3.5 – step 7_3_3 to 7_3_5.avi
MATLAB:
· MS step 8.1 – step 8_1.avi – Screenshot for this step
· MS step 8.2 – step 8_2.avi – Screenshot for this step
· MS step 8.3 – step 8_3.avi – Screenshot for this step
· MS step 8.4 – step 8_4.avi – Screenshot for this step
· MS step 8.5.1 – step 8_5_1.avi – Screenshot for this step
· MS step 8.6 – step 8_6.avi – Screenshot for this step

Please note that step number refers to the article and not to this script.

*Note: Files with (2) in the file name show the same steps performed, but do not have the manuscript shown as a reference for each step.

General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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