[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 60778
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18537338

Title: High Throughput Analysis of Liquid Droplet Impacts 

Authors and Affiliations: Matheu A. J. Broom1 and Geoff R. Willmott1,2

1The Department of Physics and The MacDiarmid Institute for Advanced Materials and Nanotechnology, The University of Auckland
2School of Chemical Sciences, The University of Auckland

Corresponding Author:
Geoff R. Willmott	
g.willmott@auckland.ac.nz 

Email addresses for Co-authors: 
Matheu A. J. Broom 	
m.broom@auckland.ac.nz 


 


Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 4.1., 6.5., 6.7.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4., 4.2.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. [bookmark: _Hlk22540538]Geoff Willmott: This protocol allows the efficient study of liquid droplet impacts on solid surfaces – an everyday phenomenon important in industry. The outcomes are complex and depend on many experimental parameters [1]. 

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

1.2. [bookmark: _Hlk22540542]Matheu Broom: As the data acquisition and analysis are coordinated, many experiments can be completed and organized in a short period of time and the data quality can be assessed promptly [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) - All interview statements may be edited for length and clarity.

1.3. [bookmark: _Hlk22540549]Geoff Willmott: This method is useful for studying the basic droplet of different liquids, drop sizes, or impact velocities of any substrate material under any environmental condition [1]. 

1.3.1. [bookmark: _Hlk22540724]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Matheu Broom: This method is very efficient, but there are a number of important steps required to set it up properly. Following a demonstration is the best way to avoid errors [1].

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


Section - Protocol
2. High-Speed Camera Setup
2.1. To set up the high-speed camera, place an alignment marker on the center position of the sample stage facing the camera [1] and adjust the magnification of the camera so that the square marker fits within the field of view [2].
2.1.1. WIDE: Talent placing marker on center position of stage
2.1.2. Talent adjusting magnification
2.2. When the marker is in focus, capture an image [1-TXT].
2.2.1. LAB MEDIA: 2.3.1. 00:02-00:15 TEXT: Lock lens after focus adjustment as possible

2.3. Load the graphical user interface for the droplet impact analysis software in MATLAB [1], click calibrate camera, and select the captured image to run the image analysis code [2].

2.3.1. Talent at computer, loading GUI interface, with monitor visible in frame

2.3.2. SCREEN: 1.1.4: 00:03-00:23 Video Editor: please speed up

2.4. Enter the size of the calibration square in millimeters and click OK [1].

2.4.1. SCREEN: 1.1.4: 00:24-00:29

2.5. Move the rectangle until the calibration square is the only object within the rectangle and click OK. The software will automatically calculate the conversion factor [1-TXT].

2.5.1. SCREEN: 1.1.4: 00:30-00:47 TEXT: If automatic calibration fails, follow software guide to perform manual calibration

3. Experimental System Alignment

3.1. To align the experimental system, position the needle mount at eye level for ease of loading [1] and check that tubing is not twisted [2].

3.1.1. WIDE: Talent positioning needle mount
3.1.2. Tubing being straightened

3.2. Using a syringe with a secure, clean needle, manually purge the tubing of any residual fluid while holding the tubing and needle in a vertical position [1] and fill the syringe with the fluid of interest [2].

3.2.1. Talent depressing syringe plunger/purging tubing 
3.2.2. Syringe being filled

3.3. Attach the syringe to the computer-controlled syringe pump [1] and click and hold the dispense button of the syringe pump to purge the needle until no bubbles are present within the fluid [2].

3.3.1. Syringe being loaded onto pump
3.3.2. Button being pressed/bubbles being purged

3.4. Set the pump to dispense the appropriate volume for the release of individual fluid droplets [1-TXT] and align the sample under the needle [2].

3.4.1. Talent setting pump volume TEXT: Calculate pump settings: 
3.4.2. Sample being aligned

3.5. Then use the pump to dispense a single droplet onto the sample [1] and confirm that the droplet lands and spreads across the area of interest on the sample [2-TXT].

3.5.1. LAB MEDIA: droplet_release: 00:02-00:07
3.5.2. LAB MEDIA: droplet_impact TEXT: Adjust sample position as necessary

4. Camera Focus and Alignment

4.1. When the droplet settings have been confirmed, adjust the vertical position of the sample holder until the surface is level with the center of the field of view of the camera [1] and adjust the horizontal position of the camera so that the droplet on the sample is aligned in the center of the field of view [2].

4.1.1. WIDE: Talent adjusting vertical position of sample holder
4.1.2. Talent adjusting horizonal position of camera

4.2. Then adjust the vertical and horizontal positions of the LED (L-E-D) to match the position of the camera so that the center of the light appears in the center of the field of view [1] and adjust the distance of the camera from the droplet so that the droplet comes into focus [2].

4.2.1. Talent adjusting LED 
4.2.2. SCREEN: 4.2.3: 00:03-00:14

5. Camera Recording Conditions Setup

5.1. Once the system has been aligned calibrated, set the frame rate of the camera to an optimal value for the object being recorded [1-TXT]

5.1.1. WIDE: Talent setting frame rate TEXT: Predict optimal frame rate: 

5.2. Set the exposure time of the camera to as small of a value as possible while retaining enough illumination [1-TXT] and adjust the lens aperture to the smallest available setting while retaining enough illumination [2].

5.2.1. Exposure time being set TEXT: Estimate minimum exposure time: 
5.2.2. Aperture being set 

5.3. Then set the trigger for the camera, using an end mode trigger so that the camera buffers the recording before stopping on the trigger [1].

5.3.1. Trigger being set

6. Conducting Experiments

6.1. To conduct an experiment, create a folder to store the movies for the current batch of experiments [1] and set this folder as the save location for the camera software according to the manufacturer’s guide for the camera. Make sure the file format for captured images is set to .tif [2].

6.1.1. WIDE: Talent at computer, creating folder, with monitor visible in frame
6.1.2. SCREEN: 6.1.2: 00:08-00:21

6.2. Click Set Path in the image analysis graphic user interface and select the save location folder so that the software will monitor this folder for new videos [1].

6.2.1. SCREEN: 2.1.2.: 00:02-00:09

6.3. To create the folder structure for a batch of experiments, click Make Folders and enter the minimum droplet release height, the maximum release height, the height step between each experiment, and the number of repeat experiments at each height and click OK to run the Make Folders script [1].

6.3.1.  SCREEN: 2.1.2.: 00:12-00:28

6.4. For impact on a dry, solid surface, clean the surface according to a suitable standard protocol [1] and allow the surface to completely dry [2].

6.4.1. Talent cleaning surface
6.4.2. Shot of dried surface 

6.5. To record a droplet impact event, place the sample on the sample stage so that it is aligned with the in-plane camera [1] and move the needle to the desired droplet release height [2].

6.5.1. Sample being placed onto stage
6.5.2. Needle being moved 

6.6. Confirm that the view from the camera is unobstructed [1] before capturing and saving an image in the camera software [2].

6.6.1. Shot of unobstructed view OR Talent checking view
6.6.2. Talent capturing and/or saving image

6.7. Begin the video recording so that the camera is recording and buffering [1] and use the syringe pump to dispense a single droplet onto the sample alignment plate [2].

6.7.1. Talent starting recording
6.7.2. Droplet being dispensed

6.8. Then trigger the recording to stop once the impact event is complete [1], remove the surface from the sample holder [2], and dry the surface, as appropriate [3].

6.8.1. Talent setting trigger
6.8.2. Talent removing surface from holder
6.8.3. Talent drying surface Use 6.4.2

7. Video File Editing

7.1. To prepare the captured video file for analysis, in the high-speed camera software [1], scan the video to find the first frame in which the droplet is completely within the field of view [2] and crop the start of the video to this frame [3].

7.1.1. WIDE: Talent opening video in camera software
7.1.2. SCREEN: 7.1.2: 00:00-00:07
7.1.3. SCREEN: 7.1.2: 00:07-00:13

7.2. Move forward by the number of frames required to capture the phenomena of interest during the impact experiment and crop the end of the video to this frame [1].

7.2.1. SCREEN: 7.1.2: 00:18-00:25

7.3. Then save the video as an .avi file and the save path to the corresponding folder for the current experimental batch, release height, and repeat number [2].

7.3.1. SCREEN: 7.1.2: 00:40-00:52

7.4. In the image analysis interface, click Sort Files and visually confirm that the obtained background image is now displayed on screen [1].

7.4.1. SCREEN: 2.4.2: 00:03-00:07

7.5. Then click Run Tracing to begin the image processing. The video will be displayed with the resulting image processing overlaid [2].

7.5.1. SCREEN: 2.4.2.: 00:08-00:35 Video Editor: please speed up

7.6. Qualitatively check that the image processing is functioning correctly by watching the video [1-TXT].

7.6.1. Talent at computer, watching video, with monitor visible in frame TEXT: Repeat impact event and video edit for each experimental needle height

8. Raw Data Analysis 

8.1. For raw data analysis, in the image analysis graphic user interface [1], click Process Data to begin calculation of the main variables from the raw processed data [2].

8.1.1. WIDE: Talent accessing GUI, with monitor visible in frame
8.1.2. SCREEN: 3: 00:00-00:03

8.2. Then enter the frame rate of recording, fluid density, fluid surface tension, and fluid viscosity values and click OK [1].

8.2.1. SCREEN: 3: 00:03-00:18

8.3. The data will be saved in the videofolders.mat file and exported as a .csv file [1].

8.3.1. SCREEN: 3: 00:25-00:34



Section – Results
9. Results: Representative System Calibration Issues

9.1. The reference square must be unobstructed in the camera field of view and in focus [1].

9.1.1. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize four corner brackets and/or sharp outline of square in Figure 2A

9.2. An incorrect focus of the reference square will produce a systematic error in the calculated variables [1].

9.2.1. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize soft edges in square in Figure 2B

9.3. The droplet identification software relies on the surface of the sample being presented horizontally to the camera, as observed in this image [1]. Surfaces that are bent or poorly resolved will produce image processing errors [2].

9.3.1. LAB MEDIA: Figures 2C and 2D Video Editor: please emphasize Figure 2C image
9.3.2. LAB MEDIA: Figures 2C and 2D Video Editor: please emphasize Figure 2D image

9.4. To ensure that the entire droplet spread is tracked by the software, the droplet should land in the center of the sample [1]. If the system is incorrectly aligned, the droplet can drift from the center position and will be out of focus [2].

9.4.1. LAB MEDIA: Figures 2E and 2F Video Editor: please emphasize Figure 2E image

9.4.2. LAB MEDIA: Figures 2E and 2F Video Editor: please emphasize Figure 2F image

9.5. To ensure that the imaged edges of the impacting droplet appear sharp, the shortest exposure time possible with the available light source should be used [1]. 

9.5.1. LAB MEDIA: Figures 2G and 2H Video Editor: please emphasize Figure 2G image

9.6. Incorrect alignment of the illumination path relative to the camera often affects other settings, such as the camera aperture and exposure time, resulting in a fuzzy edge to the traveling droplet [2].

9.6.1.  LAB MEDIA: Figures 2G and 2H Video Editor: please emphasize Figure 2H image

9.7. [bookmark: _GoBack]The software should be able to trace the entire outline of the droplet in the video images [1]. If the trace is not completed, the measured values, such as the length of the spreading droplet, will be incorrect [2].

9.7.1. LAB MEDIA: Figure 3 Video Editor: please emphasize image in Figure 3A 
9.7.2. LAB MEDIA: Figure 3 Video Editor: please emphasize Figure 3B data line


Section - Conclusion
10. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
10.1. Matheu Broom: It is essential that the camera be correctly focused and aligned with the sample and that the saved video matches the path provided to the software, otherwise the analysis will fail [1].
10.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 4.2., 6.2.)
10.2. Geoff Willmott: The raw data describing the outline of the drop must be saved for every video frame. Users can then create scripts to extract the data that are important for each individual study [1]. 
10.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
10.3. Matheu Broom: We have been able to explore variations in impact outcomes over small ranges of experimental parameters, for example, to precisely determine the velocity at which a drop begins to splash [1].
10.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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