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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  25
Number of Shots:  46, 22 SC already uploaded, 24 for videographer

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Dr. Brian Chin Wing Kot: This is the first report of using photogrammetry for documenting skeletal morphology of cetacean. The digital model produced is used for research and educational purposes.

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

1.2. Dr. Brian Chin Wing Kot: Photogrammetry is an affordable surface recording technique with high portability and offers adequate quality. Only a digital camera on a tripod is essential to generate the dataset.

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

OPTIONAL: 
1.3. Dr. Brian Chin Wing Kot: The generated 3D models allow for accurate representation of external conditions in stranded cetaceans, which reveal their biological health and profile, anthropogenic and non-anthropogenic circumstances or cause of death.

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


Introduction of Demonstrator on Camera:

1.4. Mr. Henry Chun Lok Tsui: Demonstrating the procedure will be Dr. Tabris Yik To Chung, a Senior Research Associate, Mr. John Yin Cheung Kwok, a PhD Candidate, and Ms. Aurora Shui Yee, a Student Assistant, from our laboratory.
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Protocol
2. Photogrammetry  
2.1. [bookmark: _Hlk45272298]Begin by shooting the vertebrae. Prepare a clear tabletop in room A for scanning the dorsal part of the bone [1] and position the bone on the tabletop [2]. Use a ring light for bones with residual oil and those that appear darker [3]. If necessary, place aluminum foil underneath for better light reflection [4]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent preparing a tabletop in room A.
2.1.2. Talent positioning the bone on the table. 
2.1.3. Talent setting up a light ring. 
2.1.4. Talent placing aluminum foil underneath the bone. 
2.2. [bookmark: _Ref44936557][bookmark: _Ref44936545]Place 2 to 3 marker cards at known distances as scale reference [1] and set the tripod to horizontal elevation [2]. Take a photo [3], then move the camera by 15 to 20 degrees circularly around the specimen. Continue taking photos until a 360-degree turn is completed [4]. Videographer: This step is important!
2.2.1. Talent placing marker cards. 
2.2.2. Talent setting the tripod. 
2.2.3. Talent taking a photo. 
2.2.4. Talent moving the camera and taking another photo.
2.3. When finished, set the tripod to superior elevation and repeat the photoshoot [1]. 
2.3.1. Talent setting the tripod to superior elevation. 
2.4. Then, set the tripod to inferior elevation and repeat the photoshoot [1]. 
2.4.1. Talent setting the tripod to inferior elevation. 
2.5. Prepare a clear tabletop in room B to scan the ventral part of the bone [1]. Position the bone upside down on the tabletop and repeat the photoshoot [2]. Videographer: This step is important!
2.5.1. Talent preparing the tabletop in room B. 
2.5.2. Talent placing the bone upside down on the tabletop. 
2.6. Prepare transparent supporters to shoot the large bones such as the skull, mandibles, or ribs [1]. Put the bone on the supporters [2] and set the tripod to horizontal elevation [3]. Videographer: This step is important!
2.6.1. Talent preparing transparent supporters. 
2.6.2. Talent putting the bone on the supporter. 
2.6.3. Talent setting the tripod to horizontal elevation.
2.7. [bookmark: _Ref44936588]Take a photo [1], then move the camera 15 to 20 degrees circularly around the specimen [2]. Continue taking photos until a 360-degree turn is completed [3]. Repeat the photoshoot at superior and inferior elevation [4].
2.7.1. Talent taking a photo. 
2.7.2. Talent moving the camera. 
2.7.3. Talent taking another photo.
2.7.4. Talent setting the camera to superior elevation. 
2.8. To shoot the small bones, prepare a turntable covered by aluminum foil [1]. Place a foam cube on top of the table with a few toothpicks pointing upward as support for the specimen [2]. Videographer: This step is important!
2.8.1. Talent covering a turntable with aluminum foil. 
2.8.2. Talent placing the foam cube on top of the table.
2.9. Put the bone on top of the toothpicks so that its ventral part is visible from underneath [1], then perform the photoshoot at horizontal, superior, and inferior elevations as previously described [2].
2.9.1. Talent positioning the bone. 
2.9.2. Talent taking a photo.
3. Data Processing with Modeling Software
3.1. To create a sparse point cloud, go to the Workflow menu and select Add Chunk and Add Photos. Select all photos of a single specimen and click Open [1].
3.1.1. SCREEN: 61700_screenshot_1.mp4. 0:00 – 0:16.
3.2. Then, go to Workflow menu, select Align Photos and click OK. This will take some time [1]. When finished, go to the Model menu and select Gradual Selection [2].
3.2.1. SCREEN: 61700_screenshot_1.mp4. 0:16 – 0:30.
3.2.2. SCREEN: 61700_screenshot_1.mp4. 0:30 – 0:34.
3.3. Select Reconstruction Uncertainty, set the value to 10, and click OK. Press delete to remove selected points [1].
3.3.1. SCREEN: 61700_screenshot_1.mp4. 0:34 – 0:45.
3.4. Go to the Tools menu and select Optimize cameras. Check Adaptive camera model fitting and click OK [1].
3.4.1. SCREEN: 61700_screenshot_1.mp4. 0:45 – 0:57.
3.5. Return to the Model menu and select Gradual Selection, then select Reprojection Error, set the value to below 0.5, and click OK. Press delete to remove selected points [1]. Go back to Gradual Selection and select Projection Accuracy. Set value below 10 and click OK. Press delete to remove selected points [2].
3.5.1. SCREEN: 61700_screenshot_1.mp4. 0:57 – 1:11.
3.5.2. SCREEN: 61700_screenshot_1.mp4. 1:11 – 1:27.
3.6. Rotate the point cloud and delete unwanted points with the Free-form selection tool [1].
3.6.1. SCREEN: 61700_screenshot_1.mp4. 1:28 – 2:00.
3.7. Next, clean the sparse cloud by going to the Workflow menu and selecting Build Mesh [1]. Select Sparse cloud as Source, uncheck Calculate vertex colors, and click OK. Then, go to File menu, select Import – Import Masks [2]. Select From Model as Method and Replacement as Operation, then apply to All cameras and click OK [3].
3.7.1. SCREEN: 61700_screenshot_1.mp4. 2:15 – 2:18.
3.7.2. SCREEN: 61700_screenshot_1.mp4. 2:18 – 2:39.
3.7.3. SCREEN: 61700_screenshot_1.mp4. 2:39 – 2:48.
3.8. To build a dense point cloud, go to the Workflow menu and select Build Dense Cloud. Select the Medium or High Quality, uncheck Calculate point colors and click OK. This step will take some time. Rotate the point cloud and delete unwanted points with the Free-form selection tool if necessary [1].
3.8.1. SCREEN: 61700_screenshot_1.mp4. 2:48 – 3:02.
3.9. To clean the dense cloud, go to the Workflow menu and select Build Mesh. Select Dense cloud as source and click OK [1].
3.9.1. SCREEN: 61700_screenshot_1.mp4. 3:02 – 3:16.
3.10. [bookmark: _Hlk48842921]Then, scale the model. In the Photos panel, double-click a photo with marker cards. Zoom-in and right-click at the center of a marker and select Add Marker. Repeat this process for other markers on the photo [1].
3.10.1. SCREEN: 61700_screenshot_1.mp4. 3:17 – 3:35.
3.11. Process all photos with marker cards. For previously added markers, right-click, select Place Marker and choose from the list [1]. Then, adjust the position of markers by holding left-click [2].
3.11.1. SCREEN: 61700_screenshot_1.mp4. 3:35 – 4:00. 
3.11.2. SCREEN: 61700_screenshot_1.mp4. 4:04 – 4:16.
3.12. In the Workspace panel, under Chunk – Marker, select a pair of markers with known distance by holding control. Right-click and select Create Scale Bar, then repeat this for all pairs [1].
3.12.1. SCREEN: 61700_screenshot_1.mp4. 4:21 – 4:37.
3.13. In the Workspace panel, under Chunk – Scale Bars, select the pair of markers. In the Reference panel, enter the Distance in meters. Repeat this for all pairs. Finally, Save the project [1].
3.13.1. SCREEN: 61700_screenshot_1.mp4. 4:37 – 5:06.

4. 3D Printing of Skeleton
4.1. To print the model, export the STL files to a 3D printing software. Move and rotate the object or scale it up or down on the platform to make sure that the object is positioned with a large flat surface touching the base [1].
4.1.1. SCREEN: 61700_screenshot_2.mp4. 0:00 – 0:14. 
4.2. For parts that are too large to be printed, use the Free Cut function to divide the object into separate parts, then glue the printouts together [1]. Save the model for printing [2], then print it with PLA filament [3].
4.2.1. SCREEN: 61700_screenshot_2.mp4. 0:15 – 0:28. 
4.2.2. SCREEN: 61700_screenshot_2.mp4. 0:29 – 0:40. 
4.2.3. SCREEN: 61700_screenshot_2.mp4. 0:40 – 1:03.
4.3. Display the skeleton and match the printed products to the originals using a previously designated code [1].  
4.3.1. Talent matching a printed part with the original. 


Results
5. Results: 3D Printing of a Whale Skeleton 
5.1. Using this protocol, 166 pieces of bone were scanned with a 1-millimeter resolution to create a 3D model of a whale skeleton [1]. The skull was printed with a professional 3D printer due to its large size and the rest of the skeleton was printed with an in-house 3D printer [2].
5.1.1. LAB MEDIA: Figure 2. 
5.1.2. LAB MEDIA: Figure 3 A. 
5.2. All the whale bones were matched and compared with the 3D printed products [1].
5.2.1. LAB MEDIA: Figure 3 B - C. 
5.3. The final product was largely analogous to the whale specimen and was suitable for general research, exhibition, and educational purposes. However, two diagnostic features were not satisfactorily reproduced, which hindered the product from being used for detailed anatomical research [1].
5.2.1. LAB MEDIA: Figure 4 A. 



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Mr. Henry Chun Lok Tsui: When attempting this protocol, make sure the specimen is sufficiently captured from all angles. Deleting unwanted points in the point cloud is also essential to improve precision of the 3D model.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.3, 3.6.1.

6.2. Dr. Tabris Yik To Chung: CT can be digitally combined with 3D models from photogrammetry to investigate external and internal condition collectively, while 3D surface scanning can supplement information on color with high fidelity.

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