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Co-authors:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. 2.4, 2.5, 3.2, 3.3, 3.5, 3.6?
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.7
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to demonstrate a technique to compensate for the gain reduction of galvanometer mirrors in sine-wave path tracking using proportional-integral-differential control for motion-blur compensation. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Tomohiko Hayakawa: This method can be applied in the field of optical engineering to such problems as target tracking, scanning control, and motion-blur compensation. 
1.2. Tomohiko Hayakawa: The main advantage of this technique is that it relies on pre-configured parameters and the input-to-output ratio, and does not require additional active control models and hardware. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) N/a
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) N/A
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) N/A
Protocol (read by voice talent at JoVE):

2. Acquisition of Gain Data for the Galvanometer Mirror
2.1. Perform the experiment at an optical bench and prepare a galvanometer mirror to mount on the bench. [1-WIDE] The mirror should be in a custom-made jig to prevent the mirror and its body from moving during oscillations. [2-CU] Place the jig and mirror in an optical mount. [3-MED] Then fix the mount to the optical bench to continue. [4-CU] 

2.1.1. Talent at bench, holding and inspecting mirror in jig

2.1.2. Detail of mirror in the jig as held be talent

2.1.3. Talent working to mount the jig with mirror

2.1.4. Mounted jig with mirror as talent completes mounting assembly on the optical bench
2.2. (Voice talent: ad/da is typically said “a to d, d to a”) Control the mirror with a computer equipped with an ad/da board. [1-MED/WIDE] Extend properly connected cables from the board to the mirror. [2-MED] There, connect the cables to the input and position sockets of the galvanometer mirror. [3-CU]

2.2.1. Talent at the computer, working with cables from the ad/da board

2.2.2. Talent extending cables from the computer to the mirror

2.2.3. Detail of the galvanometer mirror as cables are being connected

2.3. At the computer, employ a graphical user interface for a sine-wave function generator. [1-LM] Program the interface to perform multiple trials while varying frequency and amplitude. [2-LM] 

2.3.1. LAB MEDIA: 3_GUI_parameters.png 

2.3.2. LAB MEDIA: 3_GUI_parameters.png (Video editor: Please call attention to the rectangular region that has the text “Multiple trials” at its upper left and the rightmost point of the line that begins with “Duration” at the bottom right. Do not include the “Pre-emphasis” or “Iteration start”. )

2.4. For this experiment, use an outer loop over a frequency range. [1-LM] Set the minimum frequency to 100 Hertz. [2-LM] Set the maximum frequency to 500 Hertz. Increment the frequency by 100 Hertz. [3-LM]

2.4.1. LAB MEDIA: 3_GUI_parameters.png (Video editor: Please call attention to the rectangular region with “Minimum frequency” in its upper left corner and the rightmost point of the line that follows “Interval (frequency)” at its lower right.)

2.4.2. LAB MEDIA: 3_GUI_parameters.png (Video editor: Continue with the highlighting from 2.4.1 and point out the value 100 in the top box of the highlighted region.)

2.4.3. LAB MEDIA: 3_GUI_parameters.png (Video editor: Continue with the highlighting from 2.4.1. For the first sentence, point out the value 500 in the middle box of the highlighted region. Then point out the value 10 in the last box of the highlighted region  for the second sentence.)

2.5. The inner loop is over the voltage amplitude. Use a minimum voltage of 10 millivolts. [1-LM] For a maximum voltage, use 500 millivolts. [2-LM] Increment the voltage by 10 millivolts. [3-LM] Enter the duration of the sine-wave path signal as 2000 samplings. [4-LM]

2.5.1. LAB MEDIA: 3_GUI_parameters.png (Video editor: Please call attention to the rectangular region with “Minimum amplitude” in its upper left corner and the rightmost point of the line that follows “Interval (amplitude)” at its lower right. Also point out the value of 10 in the top box of the highlighted region.)

2.5.2. LAB MEDIA: 3_GUI_parameters.png  (Video editor: Continue with the highlighting from 2.5.1, except do not point out the 10 in the top box. Do point to the 500 in the middle box of the highlighted region.)

2.5.3. LAB MEDIA: 3_GUI_parameters.png (Video editor: Continue with the highlighting from 2.5.1, except only point to the 10 in the bottom box of the highlighted region.)

2.5.4. LAB MEDIA: 3_GUI_parameters.png (Video editor: Please call attention to the last line at the left that starts with “Duration” and extends to include the line that ends before the text in the middle of the image. In addition, point out the 2000 in the box in the highlighted region.)

2.6. Drive the mirror with the computer and simultaneously record its position signal and determine its angle. [1-CU-TXT] Use a separate file to save the data for each frequency and each voltage amplitude. [2-WIDE/MED] Once all of the data is collected, plot the output amplitude as a function of the input amplitude for each of the frequencies. [3-LM]

2.6.1. Detail of the mirror responding to being driven at a noticeable level [TEXT: Angle is amplitude*sin(2π frequency)]

2.6.2. Talent working at the computer

2.6.3. LAB MEDIA: Fig5_WithLegend_Separate_A.eps

2.7. Note that the data for the low frequencies show greater output amplitude as a function of input amplitude than the high frequencies. [1-LM] This demonstrates the reduction in gain as a function of frequency for which this technique compensates. [2-LM]  Exclude the nonlinear behavior and focus on the approximately linear portion of the plots to obtain the pre-emphasis coefficients. [3-LM-TXT] 

2.7.1. LAB MEDIA: Fig5_WithLegend_Separate_A.eps (Video editor: Please highlight/point to  the green and purple data points at about 200 on the horizontal axis during “the low frequencies”. Highlight/point to the blue and green data points at about 200 on the horizontal scale during “the high frequencies”.)

2.7.2. LAB MEDIA: Fig5_WithLegend_Separate_A.eps

2.7.3. LAB MEDIA: Fig5_WithLegend_Separate_A.eps [TEXT: See text protocol for details.](Video editor: Please indicate in some way that the data in the region the above about 300 on the horizontal axis below about 210 on the vertical axis [including the red circles] should be excluded. Perhaps the region could be grayed out or the data points eliminated.)
3. Experiment on Motion-blur Compensation
3.1. This experiment requires a moving image in view of the mirror. [1-WIDE] To achieve this, employ a conveyor belt that can move at 30 kilometers per hour. [2-MED] The image for this experiment, a fine-texture pattern, has been printed onto tape and applied to the belt. [3-CU]

3.1.1. Talent at conveyor belt. If possible, have shot suggest the distance between the conveyor belt and the optical bench

3.1.2. Talent at the conveyor belt inspecting the image

3.1.3. Detail of the image on the conveyor belt

3.2. Now, move on to setup the optical elements. [1-WIDE] Arrange a camera with a telephoto lens so that it can use the galvanometer mirror to track the motion of the conveyor belt. [2-MED] Ensure that the galvanometer mirror is connected to the control computer with pre-emphasis software. [3-MED]

3.2.1. Talent at optical bench, getting camera

3.2.2. Talent arranging camera with telephoto lens. Ideally the position of the galvanometer mirror would be seen

3.2.3. Talent checking the galvanometer mirror connections [TEXT: See text protocol for software details.]

3.3. In order to capture decent images, illuminate the conveyor belt with an appropriate light source. [1-WIDE] At the bench, set the appropriate lens focus for the computer display. [2-MED] Next, work to synchronize the mirror and exposure time of the camera. [3-WIDE] Then, input the camera settings for the expected images [4-?-TXT]
3.3.1. Talent arranging lighting for the conveyor belt

3.3.2. Talent adjusting focus of the lens, PC shows the camera image 

3.3.3. Talent moving from camera to computer. Most important to have talent arriving at computer

3.3.4. ADDED: Talent checking camera settings [TEXT: frame rate: 333 Hz; exposure time: 1 ms; 848 x 960 pixels]
3.4. This image illustrates the timing used by the trigger software. [1-LM] As a function of time, the mirror angle is given by the blue sinusoidal curve. [2-LM] The red triangle function represents the ideal mirror angle for a scan as a function of time. [3-LM] 

3.4.1. LAB MEDIA: “Figure 7_waveform.eps” 

3.4.2. LAB MEDIA: “Figure 7_waveform.eps” (Video editor: Please point to the blue curve)

3.4.3. LAB MEDIA: “Figure 7_waveform.eps” (Video editor: Please point to the red curve)

3.5. Center the exposure time when the angle is at zero degrees and moving with a positive angular velocity. This is where the two curves intersect. [1-LM] Set the software to trigger the camera half of the exposure time earlier and end half of the exposure time later. [2-LM] (Figure 7)

3.5.1. LAB MEDIA: “Figure 7_waveform.eps” (Video editor: Please highlight the middle dashed line of the group of five on the left. Also, highlight the intersection of the dashed line with the red and the blue curves at the top, and its intersection with the horizontal axis at the bottom.)

3.5.2. LAB MEDIA: “Figure 7_waveform.eps” (Video editor: Please highlight the dashed lines to the right and to the left of the of the dashed line in 3.5.1.)

3.6. Using the pre-emphasis software, input the conveyor belt speed in kilometers per hour. [1-LM] Then enter the distance from the camera to the belt in meters. [1-LM] The software will calculate the required angular velocity. [2-LM]

3.6.1. LAB MEDIA: “Figure 8_gui.png” (Video editor: Please highlight the entry 30.00 at the top of the image.)

3.6.2. LAB MEDIA: “Figure 8_gui.png” (Video editor: Please highlight the entry 3.00 in the middle of the image.)

3.6.3. LAB MEDIA: “Figure 8_gui.png”

3.7. Next, enter the frequency at which the mirror is driven. [1-LM] The software calculates the input amplitude.[2-LM] Use the amplitude in the pre-emphasis software. [3-MED] 

3.7.1. LAB MEDIA: “Figure 8_gui.png” (Video editor: Please highlight the entry 300.00 toward the bottom of the image.)

3.7.2. LAB MEDIA: “Figure 8_gui.png” (Video editor: Highlight the value at the bottom of the image, 0.00245188)

3.7.3. Talent completing work at the computer

3.8. Once all the parameters have been entered return to the conveyor belt. [1-WIDE] Start the belt moving at the speed used in the software to create a moving image. [2-MED][3-CU] Start the control software and begin recording images from the camera. [4-WIDE] The controller compensates for the inertia of galvanometer mirror to improve image-blur. [5-CU]

3.8.1. Talent approaching the conveyor belt

3.8.2. Talent starting belt. It would be nice to capture the belt moving. This might be over the shoulder.

3.8.3. The belt as it begins motion and gets to its final speed (Video editor: This is an optional shot)

3.8.4. Talent at the computer, starting image recording

3.8.5. Image of the galvanometer mirror during experiment
4. Results: Motion-blur Compensation with Pre-emphasis Technique using Test Images 
4.1. Before the pre-emphasis technique, this was the plot of the output signal as a function of the input signal. [1-LM] After applying the technique, this is the plot. Almost all of the output plots are on the line y equals x. [2-LM] 

4.1.1. LAB MEDIA: Fig5_WithLegend_Separate_A.eps

4.1.2. LAB MEDIA: Fig5_WithLegend_Separate_A.eps, Fig10_WithLegend_Separate_A.eps (Video editor: Please add the second image to the right of the first)

4.2. Similarly, before the pre-emphasis technique, this was the plot of gain as a function of the input signal. After applying the technique almost all of the amplitude plots are on the line y equals zero db.

4.2.1. LAB MEDIA: Fig5_WithLegend_Separate_B.eps

4.2.2. LAB MEDIA: Fig5_WithLegend_Separate_B.eps, Fig10_WithLegend_Separate_B.eps (Video editor: Please add the second image to the right of the first)

4.3. This is an image that was placed on the conveyor belt, shown when the belt is at rest. [1-LM] The blue line indicates where the profile at the right was taken. [2-LM] This is the same image when the conveyor belt moves at 30 kilometers per hour and no motion-blur compensation is active. [3-LM] 

4.3.1. LAB MEDIA: Fig11_NoLabels_Separate_A.eps 

4.3.2. LAB MEDIA: Fig11_NoLabels_Separate_A.eps (Video editor: Please point to the blue line and highlight the plot on the right of the image.)

4.3.3. LAB MEDIA: Fig11_NoLabels_Separate_A.eps, Fig11_NoLabels_Separate_B.eps (Video editor: Please add the second image to the right of the first.)

4.4. Here, there is motion blur compensation, but pre-emphasis is inactive. [1-LM] In this final version, both motion-blur compensation and the pre-emphasis technique are active. It represents a great improvement over the two other options. [2-LM]

4.4.1. LAB MEDIA: Fig11_NoLabels_Separate_A.eps, Fig11_NoLabels_Separate_B.eps, Fig11_NoLabels_Separate_C.eps (Video editor: Please create a second row and add the third image in its first column.)

4.4.2. LAB MEDIA: Fig11_NoLabels_Separate_A.eps, Fig11_NoLabels_Separate_B.eps, Fig11_NoLabels_Separate_C.eps, Fig11_NoLabels_Separate_D.eps (Video editor: Please complete the second row with the new image.)
5. Conclusion (said by authors on camera)
5.1. Tomohiko Hayakawa: Once mastered, this technique can be done in one hour, if it is performed properly.
5.2. Tomohiko Hayakawa: After its development, this technique paved the way for researchers in the field of optical engineering to explore motion-blur compensation in high speed scanning.
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, .eps, 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.
2.6－ Fig5_WithLegend_Separate_A.eps

2.7－ Fig5_WithLegend_Separate_A.eps
4.1 -  Fig5_WithLegend_Separate_A.eps
4.1－ Fig10_WithLegend_Separate_A.eps
4.2 -  Fig5_WithLegend_Separate_B.eps
4.2－ Fig10_WithLegend_Separate_B.eps
4.3－ Fig11_NoLabels_Separate_A.eps

4.3 -  Fig11_NoLabels_Separate_B.eps 
4.4－ Fig11_NoLabels_Separate_C.eps

4.4－ Fig11_NoLabels_Separate_D.eps 
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 are included in the email accompanying the finalized script.
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