[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 61052 
Scriptwriter Name: Bridget Colvin 
Project Page Link: http://www.jove.com/files_upload.php?src=18620908

Title: Ground-level Unmanned Aerial System Imagery with Spatially Balanced Sampling and Route Optimization to Monitor Rangeland Vegetation

Authors and Affiliations: Michael F. Curran1,2,3, Paddington Hodza4, Samuel E. Cox5, Shawn G. Lanning4, Blair L. Robertson6, Timothy J. Robinson7, and Peter D. Stahl1,2,3

1Wyoming Reclamation and Restoration Center, University of Wyoming
2Department of Ecosystem Science and Management, University of Wyoming
3Program in Ecology, University of Wyoming
4Wyoming Geographic Information Science Center, University of Wyoming 
5Bureau of Land Management, Wyoming State Office
6School of Mathematics and Statistics, University of Canterbury
7Department of Statistics, University of Wyoming

☐   All author names are spelled correctly, and the affiliations are correct.

Corresponding Author: 
Michael F. Curran 
mcurran2@uwyo.edu 
[bookmark: _Hlk25233958]
Co-authors:
phodza@uwyo.edu 
secox@blm.gov 
sgl55@uwyo.edu 
blair.robertson@canterbury.ac.nz 
tjrobin@uwyo.edu 
unclem@uwyo.edu




Author Questionnaire 

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

2. Software: Does the part of your protocol being filmed demonstrate 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. Please upload all screen captured video files to your project page as soon as reasonably possible.

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   Y, 35 min driving

· To ensure that your script can be filmed in one day, the Introduction, Protocol, and Conclusion sections are restricted to 55 shots (i.e., designated as 1.1.1., 1.2.1., etc). 

Protocol Length
Number of Shots: 36



Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

OPTIONAL: 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?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

OPTIONAL: Why is visual demonstration of this method critical?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

Is each interview statement 30 words or fewer? ☐ Yes
Has any author been assigned more than two statements? ☐ No

Introduction of Demonstrator on Camera

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed. [1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. Named demonstrator(s) looks up from workbench or desk or microscope and acknowledges camera

1.8. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded 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. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.
2. Study Site Definition and Sample Point and Travel Path Generation
2.1. [bookmark: _Hlk33084008]To define the area of study, use a geographic information system software program to draw a polygon graphic around the area of interest [1-TXT].
2.1.1. WIDE: Talent drawing graphic, with monitor visible in frame TEXT: e.g., here two, 10-acre plots within grazing allotment in Laramie County, WY, USA, shown

2.2. Confirm that the areas not intended to be within the sample frame are excluded from the polygon to ensure that images will not be taken of these areas later [1].

2.2.1. SCREEN: To be provided by Authors: Areas being excluded

2.3. Then convert the graphic into a shapefile feature in the desired coordinate system [1].

2.3.1. SCREEN: To be provided by Authors: Graphic being convered

2.4. To generate the balanced acceptance sampling points and optimize the travel path, use the rgdal (R-G-D-A-L) R package to convert the polygon into a Program R readable file [1-TXT].

2.4.1. SCREEN: To be provided by Authors: Package being used to convert polygon TEXT: Code included as Supplemental_Code.docx

2.5. Then use the SDraw (S-draw) R package to generate the desired number of balanced acceptance sampling points and use the TSP (T-S-P) R Package to order the points [1].

2.5.1. SCREEN: To be provided by Authors: Package being used to generate balanced acceptance sampling points, then package being used to order points

3. Handheld Imagery Acquisition Preparation

3.1. To prepare for handheld imagery acquisition, use the rgdal R package to transfer the points back into the geographic information system program [1] and edit the attribute table of the shapefile so the point ID field accurately reflects the optimized path order [2].

3.1.1. WIDE: Talent transferring points to GIS program, with monitor visible in frame
3.1.2. SCREEN: To be provided by Authors: Table being edited

3.2. Transfer the polygon and point file into the software on a handheld unit [1] and ensure that the correct projected coordinate system for the area of interest is in place [2].

3.2.1. Talent transferring polygon into handheld unit
3.2.2. Shot of correct coordinate system over area of interest

4. Field Data Collection and Postprocessing

4.1. To record vegetation observed or expected within the study area, prior to acquiring images, create a list of vegetation observed within the study area [1], including species that are likely to be expected in the area in the inventory even if they are not observed in the field [2].

4.1.1. WIDE: Talent making list
4.1.2. Shot of list

4.2. For ground-based image acquisition, attach a camera to a vertical monopod [1] and point the camera down approximately 60 degrees [2].

4.2.1. Talent attaching camera to monopod
4.2.2. Talent pointing camera down

4.3. Set the monopod to a standard height [1] and tilt the monopod forward so the camera lens is in a Nadir position [2] and the angled monopod is not viewable in the image [3].

4.3.1. Talent setting monopod height
4.3.2. Talent tilting monopod
4.3.3. Shot of monopod not viewable in image

4.4. Adjust the height of the monopod or the zoom on the lens to achieve a 1-square meter frameless plot size [1-TXT], using painter’s tape to prevent accidental zoom setting changes as necessary [2].

4.4.1. Talent adjusting monopod or lens TEXT: e.g., for 4:3 aspect ratio, 115-cm plot width = 1-m2 image FOV
4.4.2. Talent placing tape

4.5. If possible, set the camera to shutter-priority mode [1] and set the shutter speed to at least 1/125 of a second to avoid blur in the image [2-TXT].

4.5.1. Shutter-priority mode being set
4.5.2. Shutter speed being set TEXT: Set higher shutter speed if windy 

4.6. To locate the first point in the optimized path order, place the monopod on the ground at point 1 [1] and tilt the monopod until the camera is in the Nadir orientation [2].

4.6.1. Talent placing monopod at point 1
4.6.2. Talent tilting camera

4.7. Ensure the Operator's shadow is not in the image [1] and, holding the camera steady to prevent motion blur, acquire the image [2-TXT].

4.7.1. Shot of FOV with no shadow
4.7.2. Talent taking photo TEXT: Optional: Acquire photos with remote trigger 

4.8. Then check image quality to ensure a successful data capture [1] and navigate to the subsequent point in the optimized path order to acquire the next image [2].

4.8.1. Shot of image

4.8.2. Talent moving monopod to next point	

5. Unmanned Aircraft System (UAS) Image Acquisition Preparation

5.1. For UAS (U-A-S) image acquisition, uses the rgdal R package to transfer the points into the geographic information system software program [1] and use the Add XY Coordinates tool to create and populate the latitude and longitude fields in the waypoint attribute table [2].

5.1.1. Use 3.1.1. Talent transferring points
5.1.2. SCREEN: To be provided by Authors: Latitude and longitude fields being created/populated

5.2. Export the waypoint attribute table containing the Latitude, Longitude, and TSP columns to *.csv file format and open the *.csv file in an appropriate software package [1].

5.2.1. SCREEN: To be provided by Authors: Table being exported, then file being opened

5.3. Sort the waypoints by the TSP identifier and open the Mission Hub app [1].

5.3.1. SCREEN: To be provided by Authors: Waypoints being sorted, app being opened

5.4. Create an arbitrary waypoint in the Mission Hub and export the arbitrary waypoint as a *.csv file [1].

5.4.1. SCREEN: To be provided by Authors: Waypoint being created then exported

5.5. Open the *.csv file in a spreadsheet program and delete any arbitrary waypoints, keeping the column headings [1].

5.5.1. SCREEN: To be provided by Authors: File being opened and waypoints being deleted

5.6. Copy the TSP-sorted waypoint coordinate pairs into relevant columns in the *.csv file and import the *.csv file from into Mission Hub as a new mission [1].

5.6.1. SCREEN: To be provided by Authors: Pairs being copied, then file being imported

5.7. To define the settings, check the Use Online Elevation box and set the Path Mode to Straight Lines [1].

5.7.1. SCREEN: To be provided by Authors: Box being checked and path being set

5.8. Set the Finish Action to RTH to enable the drone to Return to Home after the mission is complete [1].

5.8.1. SCREEN: To be provided by Authors: Action being set

5.9. Set Stay to 2 seconds to avoid image blur and set Tilt camera to minus 90 degrees to select the individual waypoints and to Add Actions [1].

5.9.1. SCREEN: To be provided by Authors: Stay and Tilt camera being set

5.10. Then save the mission with an appropriate name [1-TXT].

5.10.1. SCREEN: To be provided by Authors:  Mission being saved TEXT: Repeat for each site		

6. UAS Image Acquisition

6.1. Prior to launching the UAS, conduct a brief reconnoiter of the study area to ensure that no physical obstacles are within the flight path [1] and to locate a fairly flat area from which to launch the UAS [2].

6.1.1. WIDE: Talent checking out study area
6.1.2. Talent selecting flat area

6.2. Confirm that is a dry, clear day with a greater than 4.8-kilometer visibility and adequate lighting, a minimal wind of less than 17 knots, and that the temperature is between 0 and 37 degrees Celsius [1].

6.2.1.  Talent checking weather conditions, with monitor visible in frame or similar representative action

6.3. If the weather conditions are suitable, following the appropriate legal protocols, use the Mission Hub software [1-TXT] and a mission execution application accessible via mobile devices [2] to collect UAS images at each balanced acceptance sampling point [3-TXT].

6.3.1. Talent opening Mission Hub software, with monitor visible in frame TEXT: e.g., In the USA, follow FAA regulations
6.3.2. Application being executed
6.3.3. LAB MEDIA: Figure 3 TEXT: Verify image acquisition via mobile device before location change




Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 96. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

7. Results: Representative Ground-Level USA Imagery

7.1. UAS image acquisition takes less than half the time [1] of ground-based image collection [2], while the analysis time is slightly less with ground-based images [3].

7.1.1. LAB MEDIA: Table 1 Video Editor: please emphasize UAS Acquisition Time/Site column
7.1.2. LAB MEDIA: Table 1 Video Editor: please emphasize Ground Level Acquisition Time/Site column
7.1.3. LAB MEDIA: Table 1 Video Editor: please emphasize Ground Level Analysis Time/Site and Analysis Time/Image columns

7.2. Differences in the walking path times between sites are likely due to the distance between the launch site and the image sites [1].

7.2.1. LAB MEDIA: Figure 1 Video Editor: please emphasize Drone launch site in image

7.3. Differences in the acquisition times between platforms is principally due to the UAS flying speed [1] being 2-3 times faster than the technician walking speed [2].

7.3.1. LAB MEDIA: Figure 4 Video Editor: please Drone locations
7.3.2. LAB MEDIA: Figure 4 Video Editor: please Handheld GPS locations

7.4. In this representative analysis, Sites 1 and 2 were significantly different from each other in terms of vegetation cover, regardless of which image acquisition method was utilized [1].

7.4.1. LAB MEDIA: Table 2 Video Editor: please sequentially emphasize UAS and Handheld rows

7.5. Litter on both sites was the weakest correlation between UAS vs. ground-level images [1], possibly due to ground sample distance differences and it being more difficult to assess live or dead litter with coarser ground sample distance [2].

7.5.1. LAB MEDIA: Figures 5 and 6 Percent Litter graphs Video Editor: please emphasize R2 values for each graph
7.5.2. LAB MEDIA: Figures 5 and 6 Percent Litter graphs

7.6. All of the other ground cover categories had correlation coefficients greater than 0.8 in Site 2 and greater than 0.9 in Site 1 [1].

7.6.1.  LAB MEDIA: Figures 5 and 6 all graphs but Percent Litter graphs Video Editor: please emphasize R2 values for each graph


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 

Following this procedure, what other methods can be performed? What questions would these additional methods answer?

8.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

Is each interview statement 30 words or fewer? ☐ Yes

Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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