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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: 3.1–3.2, 4.2, 4.6, 4.7, 5.4. (if 3.3 is expanded upon it could become a priority.)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Image alignment (See written protocol for details).
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 procedure is to measure and visualize the change in the direction of light scattered from a structurally complex material at multiple structural scales. (Intro
)
To control incident light and view directions, place a material at the center of the spherical gantry with its lamp mounted on one arm and its camera mounted on another arm. (P1)
Sequentially photograph the material while systematically moving the lamp through a series of discrete positions on a sphere centered on the material. (P2)
In the software, select a region of interest on the material and extract the pixels comprising the region in each photograph. Then map the pixel values to their respective positions on the sphere to visualize the direction of the light scattered from the selected region. (P3) 
Finally, use the data for planning additional measurements from multiple camera directions and with increased angular resolution.  (P4)
Ultimately, _this method helps researchers identify the relationship between organismal structure and directional visual signaling. (P5)
Video Editor:  If “intro-aec.spin.1d.bounce.fullres.loupe.alpha” isn’t a schematic, then use:
P1: Use still from 2.3.3 and either 2.4.2 or 2.4.4

P2: Use still from 3.2.2
P3:  Use 4.2.1 showing selection of a region of the feather for first sentence. Then another still from 4.2.1 to show the plot window with reflectance vs. direction cosines.

P4: First show still from 5.2.1 showing camera moving.

P5: Figure 5 
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 TAH: The main advantage of this technique over existing imaging scatterometry, is our ability in software to visualize spatial variation in the directional reflectance from structurally complex materials at biologically-relevant positions and scales. Although we focus on directional signaling and plumage appearance, this method is valid for other optical systems exhibiting structural hierarchies of scale.   
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. Mounting and Preparation of Object, Light and Camera
2.0. As a first step in the experiment, obtain a thin ferrous metal mounting plate with an aperture of about ½ inch surrounded by a ring of targets.  Lay the feather to be studied against the back of the plate.  Center the region of interest over the aperture.

2.0.1. MED: Talent with mounting plate starting to work

2.0.2. CU: Aperture, with ring of targets (at least 10 seconds), then plate being turned over; feather being centered

2.1. Next, lay a sheet of magnetic film with a similarly sized aperture against the back side of the feather to press the feather against the plate.  Align the film and plate apertures taking care not to shear the feather.  This should result in the feather presenting a planar macro-surface approximately coincident with the plate surface.

2.1.1. CU: Magnetic film with larger aperture being placed on feather

2.1.2. CU: Alignment of apertures

2.1.3. CU: Final assembly showing feather approximately flush with plate surface

2.2. To configure the gantry, begin by locating the center of the circular aperture at the origin of the gantry coordinate system.  Place a light source on the gantry outer arm.  Aim and narrowly focus the light on the feather. 

2.2.1. WIDE: Talent arriving at gantry, placing feather/aperture at origin

2.2.2. WIDE: Talent moving from feather placement to gantry arm and placing light source 

2.2.3. MED: Talent focusing light on feather, show feather if possible

2.2.4. CU: Focused light on feather

2.3. Next, place a camera on the gantry inner arm.  Adjust the camera distance and the focus of the macro lens until the ring of targets fills the width of the sensor.  At this point, the gantry arms should be calibrated, and the camera focus and exposure should configured. (TEXT: See text protocol details on calibration and camera focus and exposure)

2.3.1. WIDE: Talent placing camera on gantry arm
 
2.3.2. MED: Talent adjusting position of camera and focusing macro lens
2.3.3. SCREEN: Image 
of the ring of targets filling the sensor region

2.3.4. WIDE: Talent busy at set-up, beginning calibration
3. Acquisition and Processing of Measurements from a Sparsely Sampled Sphere of Incident Directions 
Videographer: Some experimental steps are done in a darkened room; leave that to the imagination of the viewer.
3.0. Start measurements by positioning the camera’s optical axis normal to the surface plane. Place the light in the first of a series of positions that define the incident light directions.  The positions should be uniformly distributed on the sphere centered on the feather.  
3.1.0.   MED: over the shoulder – talent initiating gantry acquisition
3.0.1. MED: placing camera with optical axis perpendicular to the plane

3.0.2. MED: Lights being automatically moved to the first position
3.0.3. 
LAB MEDIA:  Graphical representation of light positions for experiment.  Should clearly show feather and first light position as well.

3.1. In a dark room, for each light position, capture a raw image for each exposure time in the previously determined exposure bracket. Then, move the light to its next position and repeat.  

3.1.1. SCREEN: Images 
from exposure bracket from a single position

3.1.2. MED: Lights being moved 
to the next position 

3.1.3. MED: Talent recording images at computer
3.2. Once the data is collected, begin processing the images. For each incident light direction, integrate all low dynamic range exposures to a single high dynamic range color image. These high dynamic range color images are used to create the data for visualization. (TEXT: See text protocol step 1.5 for processing details)

3.2.1. MED over the shoulder: Talent at computer working with low dynamic range images

3.2.2. LAB MEDIA: Three LDR 
exposures for an incident light direction

3.2.3. LAB MEDIA: The final HDR 
that is produced from the LDR images
4. Browsing and Visualizing Measurements 
4.0. To browse the processed data, the custom SimpleBrowser application is used.  It opens to a  window containing the image of the feather illuminated by the first incident lighting direction. 

4.0.1. MED over the shoulder: Talent at a computer preparing to bring up SimpleBrowser

4.0.2. SCREEN
: Launch of SimpleBrowser with collected data and adjustment of exposure 

4.1. Now select a region of the feather vane for analysis.  Here a rectangular region is chosen from the options available.  Plot the average directional light scattering from the selected region.  A plot window showing reflectance as a function of direction cosines opens adjacent to the image window.  Adjust the exposure of the color map.  

4.1.1. SCREEN: (maintain continuity with 4.1.2) Sequence showing selection of region, then selection of plot and results

4.2. Using the software, it is possible to cycle the reflectance color map on the unit sphere between luminance, RGB, and chromaticity.  RGB is used in what follows. To rotate the sphere, click on it to enable the trackball interface.  Drag the interface to cause rotation.

4.2.1. SCREEN: (maintain continuity with 4.2.1) Sequence showing cycle through color map, then selecting RGB, then rotation of sphere 

4.3. To view the reflectance hemisphere, return the sphere to its default position.  Rotate the sphere 180º from the default position to view the transmittance hemisphere.

4.3.1. SCREEN: (maintain continuity with 4.3.1) Sphere being returned to default position to show reflectance hemisphere.  

4.3.2. SCREEN: (continuity with 4.4.1) Sphere being rotated through 180º to show transmittance hemisphere 

4.4. For another view of the data, select the polar plot mode to see the radii of each direction on the unit sphere scaled by their respective luminance values.  Change the color map of the luminance scaled sphere from RGB to chromaticity.

4.4.1. SCREEN: (continuity with 4.4.2) Sequence with selection of polar plot mode and result.  Changing of color map.

4.5. The direction of illumination of the displayed image is circled in red in the directional scattering plot.  Click any other incident lighting direction to show the feather illuminated from that direction.  Decrease the exposure of the image to correct for overexposure.
4.5.1. SCREEN: (continuity with 4.5.1) Sequence pointing out direction of illumination indicator and ability to change incident lighting direction 
4.6. To investigate reflectance across a hierarchy of scales, return the plot mode to the unit sphere, and use the RGB color map.  Change the selection type from a rectangular region to a linear one.  This will allow study of reflectance from individual fine scale structures in the rectangular region.

4.6.1. SCREEN: (continuity with 4.6.1) Change in plot mode and color map.  Then a change in selection type.

4.7. Plot the reflectance of the linear average in a new window while maintaining the rectangular average for reference.  Here, the distal barbules of the feather spanned by the linear region are seen to reflect light along the horizontal.  Select one of the illumination directions in the linear plot to display the highly reflective distal barbules in the image on the left.

4.7.1. SCREEN: (continuity with 4.7.1) Placement of linear region on distal barbule in image, opening of new window, then selection of an illumination direction and results.

4.8. To investigate the adjacent dark stripe, move the linear selection until it enters that region. In the feather structure, it is here that the proximal barbules branch from the rami.  In the linear average plot the proximal barbules are seen to reflect light vertically.  Select one of the directions to display the highly reflective proximal barbules in the image on the left.
4.8.1. SCREEN: Begin with image showing “adjacent dark stripe.”  Make linear selection and plot reflectance.  Select a direction to show reflective proximal barbules.
5. Preparation for Measurements of Scattered Light in Multiple Camera Positions
5.0. Having reviewed the basic steps for measuring and visualizing directional light scattering over a hierarchy of scale, the following different feather than proceding t feather is used.sed in the following steps.asic procedure.

































describe advanced camera calibration techniques and alternate directional sampling patterns required to capture and process additional measurements from multiple camera directions.

5.0.1.  Title card and, if possible, use some of 5.1.1 with this VO also
5.1. With a feather mounted, clip a checker-patterned calibration target flat against the mounting plate. Place the camera with its axis perpendicular to the plate.  Use any lighting sufficient for proper exposure to capture one image. 

5.1.1. WIDE: Experiment set-up with talent at or approaching feather mount with calibration target

5.1.2. CU
: Calibration target being positioned on mounting plate

5.1.3. MED: Talent adjusting camera and taking image
 at the computer
5.2. Capture images of the plate for use in the Bouget Camera Calibration Toolbox within MATLAB. (Text: See manuscript for reference to the Bouget Toolbox)  Nine images from camera positions within a 120º cone centered on the plate’s perpendicular axis have proven sufficient. Once this is done, calibrate the camera position, including its distance, Z, to the calibration target. 
5.2.1. WIDE (or MED, if scale allows): Camera moving to first position within the cone and capturing image, with target in scene

5.2.2. WIDE (or MED–consistent with 5.2.1): Camera moving to yet another position and capturing images, with target in scene

5.2.3. LAB MEDIA
: translational offset showing distance Z to camera 
5.3. Next, remove the calibration target, revealing the ring of targets surrounding the aperture. Use the camera mounted flash to capture two images of the targets, one from a direction perpendicular to the plate and the second from a grazing angle.
5.3.1. CU: Talent removing calibration target and revealing ring of target surrounding aperture

5.3.2. LAB MEDIA (PHOTO): I suggest a split screen
:  one half showing video of the gantry camera arm perpendicular to the plate before moving to a grazing direction; the other half of the screen showing the corresponding images captured at the respective positions.
5.4. The two images will be used to calibrate the camera’s distance to the target ring and the feather by solving for the translational offsets T1 and T2. (TEXT: See text protocol step 2.2 for details on this calibration)

5.4.1. 
WIDE (or MED–consistent with 5.2.1): Camera moving to a grazing angle, with target in shot

5.4.2. LAB MEDIA/SCREEN: Image of targets
5.4.3. 
LAB MEDIA
: Calibrating translational offset (continuation of 5.2.3)
6. Multiple Camera Position Example: Measurement of Seven Non-uniformly Sampled Reflectance Hemispheres
6.0. To begin, use SimpleBrowser to open a dataset containing a sparsely sampled sphere of incident light directions and a perpendicular camera direction. View the directional distribution of the light reflected from the feather. Based on this review, refine the set of incident light directions to improve directional sampling. These positions should sample specular directions densely, and non-specular directions sparsely. 
6.0.1. MED over the shoulder: Talent at computer viewing directional distribution of light

6.0.2. LAB MEDIA/SCREEN
: Representation of new light directions, ideally laid over an image that justifies them.

6.1. Choose six additional camera directions distributed uniformly over half a hemisphere.  For each direction, sample the reflectance hemisphere densely for specular directions and sparsely for non-specular directions.

6.1.1. SCREEN/LAB MEDIA
: Representation of the six camera positions

6.1.2. SCREEN/LAB MEDIA
: Show representation of incident lighting directions for each of the 7 camera directions.  (Arranged in a polar plot to match 6.4.3 with 6.2.1 inset/legend.) 

6.2. For each of the seven non-uniformly sampled hemispheres, step the light over the hemisphere.  For each incident light direction, capture a raw image for each exposure time in the exposure bracket.

6.2.1. MED
: Talent working with gantry and taking images

6.2.2. SCREEN/LAB MEDIA: Images from exposure bracket

6.3. After processing,(TEXT: See text protocol steps 1.5 for details on processing) use SimpleBrowser to visually browse the directional reflectance from the same region of the feather in each of the 7 non-uniformly sampled hemispheres.  Arrange the directional reflectance plots for each of the camera directions on a polar coordinate system.

6.3.1. MED over the shoulder: Talent at computer selecting a region for study of directional reflectance

6.3.2. SCREEN
: Images corresponding to the directional reflectance of the region from the 7 hemispheres

6.3.3. LAB MEDIA
: Same images arranged in a polar plot
7. Results: Measurements from a feather of the Purple Glossy Starling (Lamprotornis purpureus)
7.0. Shown in this polar plot are multiple camera position measurements made on the feather of a Purple Glossy Starling.  The red arrows represent camera directions; the positions of the camera on the sphere are shown in the inset.  In each of the viewing directions, reflected light is gathered from hundreds of incident lighting directions.  The RGB color data reveal that the feather is iridescent, changing from blue-green at normal incidence to magenta at grazing incidence.
7.0.1. LAB MEDIA
: Figure 5, bottom

7.1. The technique can be used for finer angular resolution studies when incident lighting and camera viewing directions are restricted to one dimension.  Plotted in the inset is the chromaticity of the reflectance as a function of the half-angle between the incident and viewing directions when these directions are in the plane containing the specular band.  As the iridescent color arcs through chromaticity space, the hue shifts from blue-green to purple.

7.1.1. LAB MEDIA
: Figure 6

7.2. The dominant wavelength of the reflectance as a function of the angle between the incident and viewing directions is depicted here.  The red line corresponds to when the two directions are in plane with the longitudinal axis of the distal barbule.  The shaded region is for when the directions are perpendicular to that axis.  The color of the shading is the RGB color of the reflectance. Negative wavelength values represent colors in a non-spectral region.  

7.2.1. LAB MEDIA
: Figure 7A (Video editor: Have an arrow point to the red line and to the shaded region when each is referred to. Show additional requested LAB MEDIA graphic explaining “in plane with the longitudinal axis” in line 2, and “perpendicular to that axis” in line 3 when line 2 is being voiced)

7.3. In addition to the dominant wavelength, there is data on the percent chroma and percent luminance of the reflectance as a function of the angle between incident and viewing angle.  Again, the red line corresponds to when the incident light direction and the viewing direction are in plane with the longitudinal axis of the distal barbule. The shaded region is for when the directions are perpendicular to that axis. 

7.3.1. LAB MEDIA
: Figures 7B, 7C
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
8. 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.
8.0. Author name TAH: Once mastered, a typical measurement using this technique can be acquired and processed in under 14 hours. This technique paved the way for researchers in the fields of ornithology and computer graphics to explore the relationship between complex plumage morphology and the directional effects of avian visual signaling.
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.  

Insert your media filenames here.
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.
�For Video Editor: intro-aec.spin.1d.bounce.fullres.loupe.alpha


�For Video Editor: there is a good still section (about 10 seconds) with the lighted & mounted feather.. I did an un-slated second take in the same movie file with a slide and it looks too wobbly to use… 


�For Video Editor: this may have been slated as 2.4.1.  I will review the raw footage and update the file names to match each shot in the script, e.g. 2.4.1.mov.  Please rely on the movie file numbers over visual or audio slates.


�For Video Editor: 2.4.3-targetRing-v1-2433x3650.png


�For Video Editor: I created a variant of 3.1.1_3.1.2_3.2.2_T1.MOV.  My variant is named 3.1.1_3.1.2_3.2.2_T1_TAH_v1.MOV.  I intended the file to sync to the beginning of my animation sequence (3.2.1-animation-composite) which incorporates the latter portion of the movie file variant.  I stopped short of animating the transition from a full screen of 3.1.1 and 3.1.2 to the scaled and panned portion of the movie at the right side of the my animated frame.  I leave this to you; if a problem let me know.


�The graphical representation 3.1.3 has been incorporated into my animation sequence (3.2.1-animation-composite).


�The images from the exposure bracket have been incorporated into my animation sequence (3.2.1-animation-composite).


�The movement of the lights recorded as part of 3.1.1_3.1.2_3.2.2_T1_TAH_v1.mov have been incorporated into my animation sequence (3.2.1-animation-composite).


�For Todd:  in my initial notes we had crossed this shot off but we then thought we might be able to use a piece of the shot we made for 3.1.0 and 3.2.3, even though it’s not actually editing the low dynamic range images (for Video Editor – see clip 3.1.0_3.2.3_3.3.1_T1.MOV).  I think you could just fade from the shot with you at the desktop collecting data into the screen/media shots of the LDR/HDR.


�For Video Editor:  3.3.2-3.3.3-animation-composite.mov combined 3.3.2 and 3.3.3 into a single animation.


�For Video Editor:  3.3.2-3.3.3-animation-composite.mov combined 3.3.2 and 3.3.3 into a single animation.


�For Video Editor:  Recorded as a single movie file.  See 4.1.2-4.9.1-screenflow-cuckoo-v3.mp4


�For Video Editor: take 2 of the close up will cut better with 5.1.1 as the clips are put on in the same order (clip 5.1.2_T2.MOV)


�For Todd/Video Editor:  I noted that we could use shot 3.1.0 here (clip 3.1.0_3.2.3_3.3.1_T1.MOV) which is an over the shoulder at the desktop.


�For Video Editors:  5.2.3-translationalOffset-Z-v3.pdf


�For Video Editors: Use 5.4.1_T2.MOV for the gantry movements and 5.3.2-perp.png and 5.3.2-graze.png for the image capture. (Since this includes the content of 5.4.1 and 5.4.2 these shots will be skipped in the following section.)





�Todd to edit sections 5.3 and 5.4.


�For Todd/Video Editor: this may be used as a 5.3.3 instead (see clip 5.4.1_T2.MOV which has the perpendicular and grazing shot of the target ring – note that 5.4.1_T1.MOV is bad as we left the checkered calibration target on in that take).    


�Deleted since the content is included in shot 5.3.2 above.


�For Video Editors:  5.4.3-translationalOffset-T1+T2-v3.pdf


�For Video Editor:  6.1.2.a-uniform-outline.pdf is the uniformly distributed incident light directions.  6.1.2.b1-rgb-1.png,  6.1.2.b2-rgb-2.png,  and 6.1.2.b3.rgb-3.png are the 3 different plots shown in the 6.1.1 over the shoulder video.  Based on my review of directional distribution shown in the the 3 different plots,  I refined the set of incident lighting directions as shown in 6.1.2.c-hybridDistrib-1-outline.pdf.


�For Video Editor:  6.2.1-7cameraDirections.pdf


�For Video Editor:  6.2.2-7hybridDistrib_polarLayout.pdf


�For Video Editor: use shot from clip 3.1.1_3.1.2_3.2.2_T1.MOV


�Todd’s note: review Lab Media to ensure that it supports text


�For Video Editor: 6.4.2-screenflow-00_000deg.mov contains a screen cast of the selecting a region of the feather to plot the 1st camera position in the 6.4.3.  Do you want/need more than this?


�For Video Editor: 6.4.3-macro.hemi.scatterPlots_v10_arrow_v3.0002-JoVE_fig5bot.pdf


�For Video Editor: 7.1.1-macro.hemi.scatterPlots_v10_arrow_v3.0002-JoVE_fig5bot.pdf  (Same as 6.4.3.)


�For Video Editor: 7.2.1-macro.hlfAngGrw.090dg.x420y335_x470y450.lf1_rectAvg_chromaPlot_thesisFigure_insetWindows_v2-JoVE_fig6.png


�For Video Editor:  7.3.1-macro.hlfAngGrw.090dg.x420y335_x470y450.lf1_rectAvg_cmp_000-090dg_overlay-JoVE_fig7.png.  Also, 7.3.1-InPlaneOrPerpendicular.pdf shows the axis of measurement.


�For Video Editor:  7B and 7C are included in one file, 7.4.1-macro.hlfAngGrw.090dg.x420y335_x470y450.lf1_rectAvg_cmp_000-090dg_overlay-JoVE_fig7.png
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