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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 4.1, 4.3, 4.4, 5.2, 5.3

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.4
5. Will the filming need to take place in multiple locations? 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.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Lidan Lu: We address the challenge of long-distance displacement measurements using optical fibers. The technique can be used in both basic research and industrial production.

1.1.1. INTERVIEW: Named person making the above statement


What is the main advantage of this technique?

1.2. Lidan Lu: With the right setup, arbitrary displacements can be measured. Other methods are limited by the strength of the optical fiber. 

1.2.1. INTERVIEW: Named person making the above statement


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

Do the implications of this technique extend toward any application? How so?

1.3. Wei Zhuang: This methodology is appropriate for use in industrial settings. The user just needs to put the magnetic scale on a guide rail.

1.3.1. INTERVIEW: Named person making the above statement

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.4. Wei Zhuang:  This method could provide insight into the research area of optical fiber sensing. It can be used to measure other parameters such as velocity and acceleration.

1.4.1. INTERVIEW: Named person making the above statement

Introduction of Demonstrator: N/A

Ethics title card: N/A


Section - Protocol
2. Fabrication of the Fiber Bragg Grating
2.1. Create the fiber Bragg gratings with the scanning phase-mask technique. [1] For this, use single-mode optical fibers that have been in a hydrogen-loaded airtight container for 1 week. [2] The phase-mask technique involves focusing a laser beam through a phase mask onto an optical fiber to create periodic modulation of its refractive index. [3-TXT]
2.1.1. WIDE: Talent with a container containing one or two fibers
2.1.2. CU: (might be MED) Container as fiber is being removed
2.1.3. LAB MEDIA: AM-3new.pdf  [TEXT: Grating length 5 mm]Video editor: Please call attention to the purple chevrons labeled “Ultraviolet light” during ‘focusing a laser beam’. If possible, associate the text ‘wavelength: 244 nm’ with them (which can remain for the duration of the shot). During ‘through a phase mask’, please call attention to the grey symbol labeled ‘Mask’. During ‘onto an optical fiber’, please call attention to the symbol labeled ‘Optical fiber’, which is crossed by the purple lines and includes both the off-white and green regions below the mask symbol.
2.2. Once two fibers are inscribed, place them in a 100 degrees Celsius oven for 48 hours to remove any residual hydrogen. [1-TXT] The retrieved fiber gratings’ parameters will no longer change after the annealing step. [2]
2.2.1. WIDE: Talent arriving at oven, placing the fibers inside, and closing the oven [TEXT: target central wavelength:; Fiber Bragg grating #1: 1555.12 nm; Fiber Bragg grating #2: 1557.29 nm]
2.2.2. MED: (may be CU) Talent with retrieved fibers, possibly inspecting one or both
3. Preparation of the Magnetic Scale and the Matching Clamp
3.1. Implement the design of the magnetic scale with the appropriate magnets. [1-TXT] The scale has slots to hold a set of cylindrical magnets along its length. [2] The North and South poles of the permanent magnets alternate along the scale with a 10 millimeter pitch. [3]
3.1.1. WIDE: Talent at bench with the magnetic scale [TEXT: See Li, et al, Proc. SPIE 8421, OFS2012 22nd International Conference on Optical Fiber Sensors, 84212R]
3.1.2. CU: The magnetic scale with magnets in place
3.1.3. LAB MEDIA:  AM-4(2).pdf Video editor: If possible, please make it clear that this image is a representation of the object seen in 3.1.2
3.2. The magnets in this study are 5 millimeters in diameter and have a magnetization of 750 kiloAmperes per meter. [1] Two detectors set a fixed distance apart will feel different forces as they move along the scale. [2] Choose the separation so the forces have a phase difference of 90 degrees. [3] In this case, create a stainless steel clamp to hold the two detectors 22.5 millimeters apart. [4]
3.2.1. LAB MEDIA:  AM-4(2).pdf, AM-4(1).pdf Video editor: Please add the new image and associate it with one of the green dots of the original image.  
3.2.2. LAB MEDIA:  AM-4(2).pdf  Video editor: Please add two symbols to represent detectors [they can be lines or rectangles that are smaller than the green dots; both should be the same] at two positions along the scale (over the green dots), at most 3–6 of the dots apart. They should be labeled ‘Detector 1’ and ‘Detector 2’. Once they are in place, possibly move them in one direction over successive dots while maintaining their separation.
3.2.3. LAB MEDIA:  AM-4(2).pdf, 58182eq1.jpg Video editor: Please continue with the symbols used in 3.2.2 and add a version of the equation (it would be nice to get rid of the brace at the left) and highlight ‘sin’ and ‘cos’ in it.
3.2.4. CU: The magnetic scale with the stainless steel clamp held next to it 
4. Fabrication of the Displacement Sensor
4.1. To fabricate the sensor, begin by preparing heat-curable fiber-optic epoxy. [1-TXT] Once the epoxy is ready, get one of the two fiber Bragg gratings. [2] Place a ruler alongside the fiber. Starting at a point just beyond the grating, measure approximately 10 millimeters along the fiber and place a mark there. [3]
4.1.1. WIDE: Talent at bench, preparing or getting into position to use epoxy [TEXT: 100 mg hardener; 200 mg resin]
4.1.2. MED: Talent getting one or both fibers and beginning to focus on one 
4.1.3. CU: The fiber with a ruler next to it. In some way indicate the start position of the measurement (the end of the ruler might be there). After a pause, a mark placed at that position that is about 10 mm away from the start position
4.2. With a fiber optic stripper, remove the coating from the marked position, away from the grating. [1] Clean the surface of any remaining polymer with alcohol and dust-free paper.  [2] When done, take the fiber to a high-precision fiber cleaver to cleave the stripped region. [3] 
4.2.1. CU: Demonstrate the placement of the stripper and the direction of its motion as best as possible
4.2.2. MED: Talent cleaning the fiber 
4.2.3. MED: Talent using cleaver on fiber 
4.3. Next, set up other elements of the sensor. [1] Put a permanent magnet on a hot plate at 150 ºC. [2] Then, place a 15 millimeter spring on top of the magnet. [3] Inside the spring, epoxy the grating end of the prepared fiber to the magnet. Allow the epoxy to cure at 150 ºC for 30 minutes [3-TXT]
4.3.1. MED: Talent at hot plate, getting magnet and spring
4.3.2. MED: Hot plate surface as magnet is placed on it. 
4.3.3. CU: Magnet on hotplate as the spring is placed on it
4.3.4. CU: Magnet and spring as fiber is put into place. Then, the assembly on the hot plate [TEXT: This is part 1#P in the text protocol]
4.4. To continue, get the magnet, spring, grating assembly. [1] In addition, have a tapered and threaded tube that can go over the assembly. [2] Put the assembly inside of the tapered tube. Push the magnet to compress the spring. Use adhesive tape to fix the magnet in position. [3] 
4.4.1. MED: Talent getting the assembly from the hot plate
4.4.2. CU: The magnet/spring/grating assembly and the tapered tube, separate but adjacent
4.4.3. CU: The assembly being placed in the tapered tube and several seconds of the result. Then, the magnet being pushed to compress the spring followed by tape being put in place and several seconds of the final result. Videographer: This may have to be split into two or three shots 
Video editor: It would be ideal to show the acts of assembly, but showing the results of each step should suffice. 
4.5. Next, insert a tapered tailpipe at the open end of the tube. Once it is in place, get optical fiber with epoxy at its end and insert it into the tailpipe to bond with the internal fiber. [1] Cure the applied adhesive on a hotplate at 150 ºC. [2] Have the fiber oriented parallel to the surface of the hotplate. [3] 
4.5.1. CU: The assembly from the previous shot as a tapered tailpipe is inserted. After a pause, a fiber with epoxy being inserted and bonded with the internal fiber Videographer: This may have to be split into two shots 
4.5.2. MED: Talent putting assembly on hot plate
4.5.3. CU: The assembly properly oriented on the hotplate 
4.6. After 30 minutes, retrieve the assembly from the hotplate. [1] Then, remove the tape to allow the spring to apply a force to straighten the fiber. [2] 
4.6.1. MED: Talent retrieving the assembly from the hotplate 
4.6.2. CU: The assembly as the tape is removed and the fiber is straightened [TEXT: This is part 2#P in the text protocol] 
4.7. Fusion splice an APC-style single mode connector to the end of the fiber coming from the tube. [1] This is one of two detectors after splicing the connector. It is ready for use in the system. [2] When detectors have been made of both fibers, fix them into the slot of the clamp using a screw. [3] 
4.7.1. MED: Talent fusion splicing the detector and a connector
4.7.2. CU: The detector with the connector
4.7.3. CU: Two detectors in place on the clamp
5. The Testing System and Evaluation of the Displacement Sensor
5.1. Take the clamp with the detectors to the testing system. [1] The system’s main components are a micro-displacement platform that is parallel to the magnetic scale...[2] a high-speed wavelength interrogator with built-in amplified spontaneous emission and its power source...[3] and an optical spectrum analyzer with a minimum two-hundredths of a nanometer resolution. [4]
5.1.1. WIDE: Talent at the testing system. Ideally the main components of the system would be visible
5.1.2. MED: The micro-displacement platform and the magnetic scale
5.1.3. MED: The wavelength interrogator and its power supply
5.1.4. MED: The optical spectrum analyzer
5.2. Mount the clamp with the detectors to the micro-displacement platform. [1] Adjust the height of the detectors above the magnetic scale and fix the clamp. [2-TXT] This schematic provides an overview of the testing system after the detectors have been connected. [3] The output of the interrogator goes into the first port of a three-port circulator. From there, the light goes on to the detectors. [4] 
5.2.1. MED: Talent mounting the clamp and detectors 
5.2.2. CU: The mounted detectors to show their proximity to the magnetic scale [TEXT: See text protocol for details on adjusting the height.]
5.2.3. LAB MEDIA: AM-7(1).pdf 
5.2.4. LAB MEDIA: AM-7(1).pdf Video editor: Please call attention to the symbols labeled “Interrogator” and “Circulator” during the first sentence. During the second, call attention to the symbols labeled “Circulator” and “Detector” (both). 
5.3. Reflection spectra from the detectors pass through a coupler and then into the second port of the circulator.  [1] Output from the circulator is input to the optical spectrum analyzer. [2] Use a position controller circuit to control the stepper motor of the micro-displacement platform. [3] Connect this controller and the interrogator to a computer. [4]
5.3.1. LAB MEDIA: schematic Video editor: Please call attention to the symbols “Detector” (both), “Coupler”, and “Circulator”. 
5.3.2. LAB MEDIA: schematic Video editor: Please call attention to the symbols labeled “OSA” and “Circulator”
5.3.3. LAB MEDIA: schematic Video editor: Please call attention to the symbol labeled “Controller for positioner”
5.3.4. LAB MEDIA: schematic Video editor: Please call attention to the symbols labeled “Computer”, “Position controller”, and “Interrogator”
5.4. Position the detectors at different positions along the scale to vary the force on the fibers. [1] When the detectors are at a suitable height above the scale, there is a sinusoidal relationship between the displacement along the scale and the center wavelength shifts due to strain in the fibers measured under static conditions. [2] 
5.4.1. MED: (might be CU) The clamp with the detectors in position for a static measurement
5.4.2. LAB MEDIA: ‘Figure 5-1.jpg’  Video editor: Please call attention to the horizontal axis during “displacement along the scale”. Change the focus to the two vertical axes during “center wavelength shifts”.
5.5. Fix the detectors at the height that produces a sinusoid and set parameters for dynamic measurements. [1-TXT] Measure the wavelength shifts while using the stepper motor to move the detectors in one direction for a distance, before bringing them to rest. Then continue measurements while moving the detectors in the opposite direction. [2][3]
5.5.1. MED: (might be WIDE) Talent at computer or other equipment, setting parameters. [TEXT: Height 1.5 mm; Interrogator sampling frequency: 5 kHz; Step increment: 40 µm] 
5.5.2. CU: The clamp with the detectors as it moves along the magnetic scale before being brought to rest. Then, the clamp moving in the opposite direction. Videographer: I do not know over what distance the clamp usually travels, or at what speed. Both may be too small to demonstrate the motion. If the authors are willing to move the clamp over an appreciable distance while you record over a long period to demonstrate the motion, please do
Video editor: If necessary, please adjust the framerate
5.5.3. LAB MEDIA: Video editor: I don’t know how viable shot 5.5.2 is. A possible substitute is something like what was done in shot 3.2.2. In this case, after adding something to represent the detectors a set distance apart, animate the two symbols to move in one direction, stop, and then move in the opposite direction, all while maintaining their separation. Possibly add the text “Motion not to scale”.
5.6. Next, perform temperature calibration of the sensors. [1]. Keep the sensors connected to the instruments, but remove them from the clamp. [2] Then, place the sensors on a hot plate. [3] Measure their central wavelength change at temperatures from 25 to 90 degrees Celsius. [4]
5.6.1. WIDE: Talent at hot plate, preparing to remove sensors from clamp
5.6.2. CU: Clamp as they are being removed from the clamp
5.6.3. MED: Hot plate as sensors are placed on them
5.6.4. MED: Talent taking steps to make measurements at a given temperature


Section – Results
6. Results: Demonstration of Dynamic Measurements, Repeatability, and Thermal Behavior of a Sensor with Two Fiber Bragg Gratings and a Magnetic Scale 
6.1. Static calibration measurements of the presented detector system reveal the relationship between the displacement and the two fiber Bragg gratings’ wavelength shift. [1] The wavelength shifts are about half a nanometer [2] The residual errors are less than 10 picometers. [3]
6.1.1. LAB MEDIA: ‘Figure 5-1.jpg’ Video editor: Please call attention to the horizontal axis during “the displacement” and to both the left and right vertical axes during “the two fiber Bragg gratings’ wavelength shift”.
6.1.2. LAB MEDIA: ‘Figure 5-1.jpg’, ‘Figure 5-2.jpg’  Video editor: Please add the new image below the first. In image ‘5-1’ call attention to the two equations that read ‘lmax=...’
6.1.3. LAB MEDIA: ‘Figure 5-1.jpg’, ‘Figure 5-2.jpg’ Video editor: Please call attention to the image ‘5-2’.
6.2. This plot demonstrates the detector’s ability to identify forward and reverse motion. [1] Initially, with forward motion, the center wavelength of grating number 2 leads that of grating number 1 by a phase of 90 degrees. [2] Then, the motion stops and reverses. [3] Now, the center wavelength of grating number 2 lags that of grating number 1 by 90 degrees. [4]
6.2.1. LAB MEDIA: 58182fig6large.jpg
6.2.2. LAB MEDIA: 58182fig6large.jpg Video editor: Please call attention to the black circle on the black curve at the left of the image during “the center wavelength of grating number 2”. Then, call attention to the red square on the red curve immediately below it.
6.2.3. LAB MEDIA: 58182fig6large.jpg Video editor: Please call attention to the region with the label “stop” 
6.2.4. LAB MEDIA: 58182fig6large.jpg Video editor: Please call attention to the black circle on the black curve at the right of the image during “the center wavelength of grating number 2”. Then, call attention to the red square on the red curve immediately above it.
6.3. These data represent multiple measurements made when detector grating number 1 is positioned so its polarity and that of the magnetic scale are the same and measurements made when the polarities are opposite. [1] Over the course of 10 measurements, those where the detector and scale have the same polarity are more stable. [2]
6.3.1. LAB MEDIA: 58182fig8large.jpg Video editor: Please highlight the data in red during “measurements made when detector grating number 1...are the same”. Change to highlight the data in blue during “measurements made when the polarities are opposite”
6.3.2. LAB MEDIA: 58182fig8large.jpg
6.4. Here is the measured wavelength as a function of temperature for the two detectors. When temperature interference is taken into account, the temperature sensitivity of the detectors is the same, which allows for temperature compensation.
6.4.1. LAB MEDIA: 58182fig7large.jpg



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
7.1. [bookmark: OLE_LINK3][bookmark: OLE_LINK2]Lidan Lu: Preloading the force in the tapered tube assembly by compressing the spring with the magnet is essential for success with this technique.  (Step: 4.4) 
7.1.1. INTERVIEW: Named person making the above statement
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.2. Lidan Lu: This technique can be used to explore the magnetic strength because it detects the periodic variation of the magnetic force directly, which is then transformed into a displacement.
7.2.1. INTERVIEW: Named person making the above statement
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