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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) ____N____ 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)___Y____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps Steps 3.1-3.3, 3.5, 4.4, 4.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Selecting and setting experimental parameters for overall optimized PIV requires comprise because optimizing one parameter would often comprise others. Defining operating conditions based on assumptions on the flow velocities and gradients is a starting point but then test measurements are needed to refine and confirm final settings such as magnification, time delay between laser pulses, and light sheet thickness.______________________________
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.  
Procedural Narrative:
The overall goal of this video is to demonstrate how to set-up and operate a bench-top particle image velocimetry experiment. (Intro)

First, estimate the recording parameters needed to resolve the velocities and gradients expected in the flow. (P1: Start with the black horizontal line w/ the six small diagonal lines under it (the surface). Add the “Incoming flow” wavy lines. Add the blue curve and black arrows above the surface. Have the “1 m/s” red box emerge from the lowest black arrow. Lastly, have the “Camera” and “Laser” traces appear underneath (but don’t show the 3 thick black ovals.)
The second step is to adjust the seeding density to achieve 8-10 particles per interrogation window. (P2. Start with all of P2 except (1) the upper cylindrical tube and its blue wavy lines and (2) the lower middle red square with black dots. At “seeding density” add (1).  At “8-10 particles” add (2).)
Next, adjust the camera frame rate and the time between laser pulses to achieve a particle shift between image pairs of less than ¼ of the interrogation window size. (P3: P2 turns into P3)
The final step is to record data and process the results with appropriate processing algorithms. (P4, All of P3 disappears except for the four red boxes at the bottom. Have the two red boxes w/dots shrink into the grey squares of the red grids to their left. These grids move to replace the red boxes of P4 (the “t0” and “t0 + dt” labels should remain). Then the connecting lines and the computer appear, then the arrow and right-hand grid w/arrows appear.)
Ultimately, particle image velocimetry may be used to study the structure and dynamics of any flow with sufficient optical access.  (P5, Figures 7, 8, & 9)
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Figure 1: 50559_Sick_Figure1.psd - Procedural schematic
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)

Only one statement should be chosen and completed per author who will be on camera
1.1. Author name Louise Lu: The main advantages of this technique over existing methods of flow measurement, like hot wire anemometry or Pitot tubes, are that it is non-intrusive and multi-dimensional.   

1.2. Author name Volker Sick: This method can help answer key questions about the velocity flow field in many applications, such as the structure and dynamics of a transient boundary layer flow formed in an internal combustion engine.  

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.     
2. Preparation and Set-up
2.1. These experiments use lasers, so be sure to review laser safety and obtain the correct safety equipment before proceeding.  Every experimenter should wear appropriate safety goggles. Hang laser safety drapes to isolate the laser experiment. Use a warning light to alert others when a laser is in operation.(TEXT: See manuscript for further safety precautions)

2.1.1. WIDE: Talent approaching bench with laser prominent 
2.1.2. WIDE: Talent putting on safety goggles

2.1.3. WIDE: Talent closing safety drapes/door, viewed from outside with warning light visible.

2.1.4. MED or CU: Warning light 
2.2. As a first step, determine an appropriate camera lens, a long distance microscope lens for this set-up. In addition, determine the camera frame rate and time delay based on practical guidelines for particle image velocimetry.  (TEXT: For details, see manuscript text step 2.1 and references)  In this video, flow near the surface of a plate will be studied.  The frame rate and time delay are based on estimates of flow velocities in the near-wall region.  Ensure the laser is level and the beam forming optics are in place.
2.2.1. WIDE: Talent at bench, in some way highlighting camera and lens

2.2.2. MED: Plate and jet (tube) in foreground, with evidence of talent working on set-up in background

2.2.3. WIDE: Talent at bench checking the laser level and optics.  The complete table-top portion of the set-up should be visible, but viewers should be able to make out components. 

2.3. In this demonstration, light is scattered from silicone oil droplets created using an oil atomizer. Turn on the flow and adjust the seeding density using the atomizer jets and the bypass valves on the atomizer.

2.3.1. WIDE: Talent beginning to adjust atomizer

2.3.2. MED: Talent starting and adjusting flow 

2.3.3. CU or ECU: Flow from jet, ideally keeping some sense of position of jet in relation to plate and camera
3. Optimizing the set-up
3.1. Begin optimization by ensuring the high speed controller and software are properly configured.  Set the camera to continuously record, turn on the laser and the atomizer. Focus the long distance microscope to clearly image the particles.  Also, make sure the intensity of the particle images is not saturating the camera.  Once focused particle images are achieved, turn off the continuous acquisition mode.

3.1.1. MED over the shoulder: Talent at computer software (and controller, if possible)

3.1.2. WIDE:  Talent starting laser and atomizer

3.1.3. MED: Talent focusing microscope

3.1.4. SCREEN: JoVE_50559_3.1.4.mov -Camera images of particles demonstrating focus

3.1.5. MED: Talent changing camera mode

3.2. Record several hundred images of the flow.  When finished, check the recorded images for focus, appropriate particle seeding, and particle drift of around 8 pixels between images. Here is an example of sparse seeding and a particle drift of about 1 pixel in a 32 by 32 pixel window.  To correct particle seeding density, increase or decrease the number of atomizer jets.  

3.2.1. WIDE/MED: Talent starting recording of images of flow.  Take at least two shots; will be reused

3.2.2. LAB MEDIA: 50559_Sick_Figure2.psd

3.2.3. MED: Talent adjusting atomizer

3.3. To adjust the drift between images, increase or decrease the time interval between the laser pulses.  This example is close to ideal, with 8–10 particles per 32 by 32 pixel interrogation window, and the particles shift less than 8 pixels. 

3.3.1. MED: Talent adjusting the recording rate (which is the same as adjusting interval between laser pulses)
3.3.2. LAB MEDIA: 50559_Sick_Figure3.psd

3.3.3. WIDE: Talent at bench 
3.4. Adjust the camera offset from the focal point, or increase its working distance from the light sheet to compensate for too much out-of-plane motion.  Finally, after all adjustments, again record several hundred images and check the particle shift, seeding density, and focus.  Repeat adjustments until the criteria are met.
3.4.1. LAB MEDIA: Images showing difficulty tracking particles

3.4.2. MED: Talent preparing to adjust camera offset or increase working distance
3.4.3. REUSE 3.2.1– Talent starting recording of images of flow 
4. Running the experiment
4.1. Before each run of the experiment, perform a camera intensity calibration with the cap on the camera assembly to set a reference for intensity.  After calibration is finished, remove the cap.  Set the laser to the repetition rate and current that was determined as optimal.  Before switching the laser to external mode, make sure the laser receives a continuous trigger signal that matches the set frequency.  

4.1.1. WIDE: Talent placing cap on camera lens, then starting to record

4.1.2. MED: Talent stopping recording and removing the lens cap from camera

4.1.3. MED over the shoulder: Talent setting and checking laser parameters

4.2. Turn the laser on. Record a sequence of background images of just the light sheet grazing the surface of the plate.  There is no significant background scattering and therefore most of the image is dark. Save these images for later processing.

4.2.1. MED: Talent turning laser on

4.2.2. MED: Talent starting to record images

4.2.3. LAB MEDIA: JoVE_50559_4.2.3.mov -Background images used for later processing

4.3. Now, start the flow and allow it to stabilize.  With the camera set to continuously acquire images, verify that it is collecting focused particle images.  Once this is done, turn off the continuous acquisition mode.

4.3.1. Reuse shot 2.3.1: Talent starting flow

4.3.2. Use 3.1.3 OR use the first 8 seconds of video file JoVE_50559_3.14.mov: Talent verifying focusing. 

4.3.3. Use 3.1.5; Talent changing camera mode

4.4. For each run, enter the desired number of images to be collected, then press record.  Once the recording is finished, turn off the flow and the laser.  Review the sequence of images to check particle drift, seeding density, and particle image focus. If satisfied, save the recording.  Perform as many runs as needed to guarantee proper setup or for statistics.

4.4.1. Reuse 4.1.3 or 4.3.1: Talent at computer, setting up run, then starting recording

4.4.2. WIDE: Talent turning off flow and laser, then returning to computer

4.4.3. MED over the shoulder: Talent at computer, checking output

4.5. Each time the camera assembly or focus is changed, take images to help determine the location of the surface in later analysis.  First, increase the exposure time of the camera.  With the laser off, take 10 images of the plate in room light. Next, set a calibration target on the light sheet plane and make sure it is in contact with the plate.

4.5.1. WIDE: Talent preparing to take images

4.5.2. Reuse 4.1.3 or 4.3.1: Talent adjusting exposure time of camera and taking images

4.5.3. MED: Talent placing calibration target

4.5.4. CU: Calibration target put into position

4.6. Illuminate the target from behind with a light source.  With the camera continuously recording images, adjust the target so the recorded image is in focus and not distorted. Ensure the contact point between the plate and the target is visible in the image; this is crucial for determining the location of the plate in the image.  Record 10 images of the calibration target.

4.6.1. MED: Talent illuminating target

4.6.2. MED: Talent adjusting target

4.6.3. SCREEN: JoVE_50559_4.6.3: Image of target in focus and showing contact point

4.6.4. WIDE: Talent recording images
5. Data Processing
5.1. Data processing is done in software.  First, average each set of 10 calibration target images. Use the resulting average image in the calibration dialog. This will determine the true-world dimensions of the acquired images.  Apply each calibration image to the corresponding set of images, including the set of images taken of the plate in room light.  From this, determine the location of the plate in the calibrated images.
5.1.1. MED over the shoulder: Talent at computer going through steps for averaging

5.1.2. SCREEN or LAB MEDIA: Images showing averaging of calibration target images

5.1.3. JoVE_50559_5.1.3: Talent applying calibration to images (Author’s note: “ Please cut segment from 42-57 seconds and replace with 1.01 - 1.06”)
5.1.4. MED over the shoulder: Talent determining location of the plate in calibrated images Video editor: shot 5.1.4 can be cut for time
5.1.5. SCREEN: JoVE_50559_5.1.5: Depict process of determining plate location in calibrated images (Author’s note: “Note the y value in the lower right corner of the screen. It should read 745”)
5.2. Next, average the background images.  Compare the intensity counts of the average background image to those of the seeding particles to determine if laser reflection from the surface contribute significantly to the background noise.  In this experiment, reflections did not contribute significantly to the background.

5.2.1. MED over the shoulder: Talent at computer, working with images

5.2.2. SCREEN: JoVE_50559_5.2.2: Comparison of intensity counts of average background image to image of seeding particles (Author’s note: The cursor begins in a patch with no particles to indicate the background intensity counts compared to the particles. Please look at the intensity value in the lower right corner “I: 0 counts.” The cursor then moves to a few individual particles. Each time it stops, please highlight the intensity.)
5.3. Pre-process the calibrated flow images using a high-pass filter to remove large intensity fluctuations in the background.  This will not affect the particle signals in this case.  Now, define a region in which the particle image velocimetry analysis is to take place.  In this software a geometric mask is used.  

5.3.1. MED: Talent at computer, applying a high-pass filter

5.3.2. SCREEN: JoVE_50559_5.3.2: Talent defining a region for analysis

5.4. Next, choose a procedure to calculate the vectors.  The software option here does 2 initial passes with a 64 by 64 square pixel interrogation windows with 50% overlap.  This is  followed by 3 passes using 32 by 32 square pixel interrogation windows with 50% overlap.

5.4.1. SCREEN: JoVE_50559_5.4.1: Choice of a vector calculation procedure
5.4.2. LAB MEDIA:  50559_Sick_Figure 5.psd : Depiction of 64 by 64 pixel window, then another with 50% overlap with first
5.4.3. LAB MEDIA: 50559_Sick_Figure 6.psd : Depiction of 32 by 32 pixel window, then another, then a third, each with 50% overlap with the one before it. 
5.5. In software, apply subroutines to remove velocity vectors that do not satisfy criteria established to ensure the quality of cross-correlation results. (TEXT: See manuscript protocol step 6.8 for details) These sample data show in red the velocity vector field near the surface of a plate, as a function of distance along the surface and height above the surface, immediately after calculation.  First, apply a subroutine to re-define the region for analysis. The next subroutine removes vectors with the highest correlation peaks, reflected here by the white boxes and missing arrows.  
5.5.1. MED over the shoulder: Talent at computer, working with subroutines

5.5.2. LAB MEDIA: 50559_Sick_Figure11b
5.5.3. LAB MEDIA: 50559_Sick_Figure11c

5.6. Next, the routines reject vectors that have a component that is not within one root mean square of the median for that component as calculated from a subset of vectors.  The routines also eliminate spurious vectors that arise from a large overlap in the velocity vector calculation.  As a last step, the routines fill up empty spaces in the field by interpolating between non-zero neighboring vectors. These vectors are show in magenta. As a final step, assess the quality of the results. 
5.6.1. LAB MEDIA: 50559_Sick_Figure11d

5.6.2. LAB MEDIA: 50559_Sick_Figure11e

5.6.3. MED over the shoulder: Talent viewing velocity profiles on computer
6. Results: Transient flow near the surface of a flat plate
6.1. Flow near the surface of a flat plate was measured and data on the instantaneous velocity and fluctuation velocity fields were obtained.  In this plot, a subset of the instantaneous velocity field at time t=0.1 ms is shown at left, and the fluctuation velocity field is at right. Note the vectors provided for scale at the upper left of each plot.

6.1.1. LAB MEDIA: 50559_Sick_Figure7.pds 

6.2. At a later time step, in the middle of recording sequence, the instantaneous velocity field on the left remains stable, but the fluctuation field has changed dramatically.  The magnitude of the vectors has decreased and there is less uniformity in direction. 

6.2.1. LAB MEDIA: 50559_Sick_Figure8.pds

6.3. Near the end of the recording sequence the instantaneous velocity field still shows the overall left to right direction of the flow.  The fluctuation field has reversed direction.

6.3.1. LAB MEDIA: 50559_Sick_Figure9.pds

6.4. This figure shows the horizontal velocity profile at different times during the flow.  The error bars shown on the t=0.1 ms profile are representative of the error bars for all other times. Note the time history shows a decrease in flow over time.  The time averaged profile is shown with circles.

6.4.1. LAB MEDIA: 50559_Sick_Figure10.pds
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
7. 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.
7.1. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.

7.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.

7.3. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

7.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

7.5. Author name Louise Lu: After watching this video, you should have a good understanding of how to adjust and optimize particle image velocimetry parameters to adapt the procedure to any flow investigation.

7.6. Author name Volker Sick: Don't forget that working with lasers can be extremely hazardous and precautions such as wearing protective eyewear and using warning signs to alert others should always be taken while performing this procedure.   
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.  

1A – 50559_Sick_Figure1.psd - Procedural schematic

3.2 - 50559_Sick_Figure2.psd - example of sparse seeding and small particle shift (~ 1 pixel)

3.2 - 50559_Sick_Figure3.psd - example of ideal seeding density with optimal particle shift (< 8 pixels)

5.1 - 50559_Sick_Figure4.psd - Example of averaging multiple target images

5.4 - 50559_Sick_Figure5.psd - Example of interrogation spot overlap algorithm

5.4 - 50559_Sick_Figure6.psd - Example of results from a multisize window algorithm with 50% overlap. First pass uses a 64 x 64 pixel window (left) and the results are used as a prediction for the second pass that uses a 32 x 32 pixel window (right)

5.5 - 50559_Sick_Figure11.psd – Example of the vector field at each processing step. Images from work performed by Jainski et al (cited in manuscript).

6.1 - 50559_Sick_Figure7 – Instantaneous flow field (V​​i) on left and fluctuation flow field (V​’) on right at t = 0.1 ms

6.2 - 50559_Sick_Figure8 – Instantaneous flow field (V​​i) on left and fluctuation flow field (V​’) on right at t = 50 ms

6.3 - 50559_Sick_Figure9 – Instantaneous flow field (V​​i) on left and fluctuation flow field (V​’) on right at t = 100 ms
6.4 - 50559_Sick_Figure10 – Horizontal velocity profile at different times throughout the flow
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.
 2012, Journal of Visualized Experiments


