[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 61115 
Scriptwriter Name: Bridget Colvin 
Project Page Link: http://www.jove.com/files_upload.php?src=18640123

Title: Optimizing Brillouin Optical Time-Domain Analyzers Based on Gain Spectrum Engineering	Comment by Bridget Colvin: Authors: I am getting clarification from Review about this title change. It can be changed post-shoot as necessary.

Authors and Affiliations: Cheng Feng and Thomas Schneider

THz-Photonics Group, Technische Universität Braunschweig

Corresponding Author: 
[bookmark: _Hlk25233958]Cheng Feng 		
cheng.feng@ihf.tu-bs.de 

Co-authors:
thomas.schneider@tu-bs.de 




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

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Cheng Feng: Sensing system noise is inevitable. This method answers the question about how to achieve a more accurate peak estimation in a noisy environment in a simple and generalized manner [1].	Comment by Bridget Colvin: Authors: Dr. Feng will be introduced with this statement and does not need to be introduced with an additional statement.

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

REQUIRED: 
1.2. Cheng Feng: This technique points out a very simple method for resisting noise by engineering the gain spectrum to be sharper and with a higher contrast [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3. 

Protocol
2. Spectrum Engineering Optimized Parameter Selection
2.1. To use simulation to optimize the spectrum engineering parameters [1], model the engineered Brillouin gain spectrum using the equations as indicated [2-TXT].
2.1.1. WIDE: Talent at computer, modeling engineered BGS gsbs(vz), with monitor visible in frame
2.1.2. SCREEN: screenshot_1: TEXT:   	and  

2.2. Add random noise with the same level both on the conventional and engineered Brillouin gain spectrum [1].

2.2.1. SCREEN: screenshot_2

2.3. Fit the conventional noisy Brillouin gain spectrum with the Lorentzian function and the engineered noisy Brillouin gain spectrum with the superimposed Lorentzian function [1].

2.3.1. SCREEN: screenshot_3 top left plot

2.4. Determine the peak frequency offset due to the noise for the conventional and engineered Brillouin gain spectrum [1].

2.4.1. SCREEN: screenshot_3 top right and bottom left plots

2.5. Repeat the random noise addition, Lorentzian function fitting of the conventional and engineered noise, and peak frequency offset determination for N=500 [1].

2.5.1. SCREEN: screenshot_3

2.6. Collect all of the peak frequency offsets for the conventional and engineered Brillouin gain spectrum in the fitting process, respectively [1].

2.6.1. SCREEN: 2.6.-2.7: 00:00-00:15 Video Editor: please speed up

2.7. Then use the formula to calculate the ratio of the standard deviation of the noise-induced Brillouin frequency shift estimation errors [1] and plot  as a function of m and d to find the minimum value -minimum and the corresponding m and d [2-TXT].

2.7.1. SCREEN: 2.6.-2.7: 00:16-00:26
2.7.2. BLACK TEXT OVER WHITE VIDEO:	 	
3. [bookmark: _Hlk33525160]Conventional Brillouin Optical Time-Domain Analyzers (BOTDA) Setup Preparation and Testing 

3.1. To set up a conventional BOTDA (B-O-T-D-A), first connect the 10% OC (O-C) output with the polarization scrambler [1]. To avoid polarization fading, set the scrambling frequency to 1 kilohertz [2].

3.1.1. WIDE: Talent connecting output to scrambler
3.1.2. Talent setting frequency 

3.2. Apply the electrical pulse train signal with a 100-nanosecond pulse width [1] and a 4 kilohertz repetition rate from the pulse generator on the semiconductor optical amplifier [2], making sure that the amplitude of the pulse signal is higher than the transistor-transistor logic threshold of the semiconductor optical amplifier and that the repetition rate satisfies the round-trip requirement [3].

3.2.1. Talent setting pulse to 100 ns 
3.2.2. Repetition rate being set
3.2.3. Shot of amplitude

3.3. Connect the digitizer with the photodiode [1] to allow the optical pulse signal from port 2 of the circulator to be checked [2-TXT].

3.3.1. Digitizer being connected
3.3.2. Shot of pulse signal TEXT: Sufficient attenuation necessary to avoid PD damage

3.4. Calculate the optical pulse peak power by the waveform measured in the digitizer and note the Erbium-doped fiber amplifier current value when the calculated optical pulse peak power reaches 20 decibel-milliwatts [1].

3.4.1. Talent calculating peak power, with white board visible in frame Videographer: Important/difficult step

3.5. Connect port 2 of the circulator with one end of the fiber under test to complete the pump branch setup [1].

3.5.1. Port being connected to FUT

3.6. To determine whether the system will suffer from modulation instability, check the spectrum from the other end of the fiber under test in the optical spectrum analyzer [1] and set the Erbium-doped fiber amplifier at a constant current value [2].

3.6.1. Talent checking spectrum
3.6.2. EDFA being set

3.7. If obvious spectrum broadening or peak splitting is observed, reduce the Erbium-doped fiber amplifier 1 current to maintain the spectrum shape [1] and check the spectrum again [2].

3.7.1. Talent reducing current Videographer: Important step
3.7.2. Talent checking spectrum Videographer: Important step

3.8. For polarization alignment, set the polarization so that the output from MZM (M-Z-M) 1 is maximized [1-TXT].

3.8.1. Talent setting polarization TEXT: MZM: Mach-Zehnder modulator

3.9. Apply the radio frequency signal from the radio frequency generator with the Brillouin frequency shift of the fiber under test and 16-decibel-milliwatt amplitude to the MZM 1 [1]. 

3.9.1. Talent setting signal

3.10. Set the DC bias voltage of the MZM 1 so that the carrier is suppressed to the minimum [1] and connect the output of the MZM 1 with the fiber Bragg grating [2].

3.10.1. Talent setting voltage
3.10.2. Talent connecting output

3.11. Check the output spectrum from the fiber Bragg grating 1 in the optical spectrum analyzer so that the fiber Bragg grating 1 is set to block the upper frequency sideband and the carrier [1].

3.11.1. SCREEN: Shot of spectrum on optical spectrum analyzer Videographer: please film

3.12. Set the Erbium-doped fiber amplifier 2 to also operate in automatic current control mode [1] and set the current value to the output value at which the isolator is lower than minus 14 decibel-milliwatts, minimizing the non-local effects [2].

3.12.1. Talent setting EDFA2 to automatic current control
3.12.2. Talent setting current value

3.13. Switch off the Erbium-doped fiber amplifier [1] before disconnecting the power meter [2] and connect the isolator output to the other end of the fiber under test to complete the setup building of the gain probe branch [3].

3.13.1. Talent switching off amplifier
3.13.2. Talent disconnecting power meter
3.13.3. Talent connecting ISO output 

3.14. Set the current value of Erbium-doped fiber amplifiers 1, 2, and 4 to I20, Ig, and I4, respectively [1] and run a trace recording program [2].	Comment by Bridget Colvin: Authors: How would you like our voiceover talent to say these values?

3.14.1. Talent setting current value(s)
3.14.2. SCREEN: Trace recording program being run Videographer: please film

3.15. Then check the trace measured in the digitizer. If the trace amplitude follows the intrinsic fiber loss decay, then the sensing system is modulation instability free [1-TXT].

3.15.1. SCREEN: Shot of trace Videographer: please film TEXT: If amplitude does not follow decay, reduce EDFA 1 current

4. Conventional BOTDA Setup and Data Processing Measurement

4.1. For data processing of the conventional BOTDA test, set the Erbium-doped fiber amplifier 1 and 2 values to I20 and Ig, respectively [1], and scan the frequency of radio frequency generator 1 in the range of Brillouin frequency shift plus or minus 90 megahertz with 1 megahertz steps [2].

4.1.1. WIDE: Talent setting values, with monitor visible in frame
4.1.2. Talent starting scanning program, with monitor visible in frame

4.2. Record the trace from the recording program after each scanning step and divide the trace amplitude by each DC offset to calculate the local Brillouin gain [1].

4.2.1. SCREEN: Trace being recorded Videographer: please film 

4.3. To retrieve the Brillouin gain spectrum at each fiber section, fit the measured noisy Brillouin gain spectrum with the Lorentzian fitting and determine the full-width at half maximum of the conventional Brillouin gain spectrum from the fitting [1].

4.3.1. SCREEN: BGS being fit with Lorentzian fitting Videographer: please film

4.4. Repeat the record tracing and calculation for N = 48 times [1] and collect all of the estimated peak frequency distributions along the fitting process [2].

4.4.1. SCREEN: Trace being recorded and calculation Videographer: please film

4.5. Then calculate the Brillouin frequency shift estimation error as the standard deviation of the fitted Brillouin frequency shift at each fiber section in the 48 measurements [1].

4.5.1. SCREEEN: BFS estimation error being calculated Videographer: please film

5. Additional Setup

5.1. To prepare the rest of the setup, connect the output from MZM 2 to the input of optical switch 1 [1], one of the inputs of 50:50 OC 4 [2], and the fiber Bragg gratings 2 [3].

5.1.1. WIDE: Talent connecting output
5.1.2. Talent connecting input
5.1.3. Talent connecting FBG 2

5.2. Use optical switch 2 to connect the output from MZM 3 to a variable optical attenuator [1] and the other input of 50:50 OC 4 [2].

5.2.1. Talent connecting output to attenuator
5.2.2. Talent connecting output to input

5.3. Close the optical switch 1 [1], open optical switch 2 [2], and set the Erbium-doped fiber amplifier 3 current value such that the power of the loss 1 probe equals minus 14 decibel-milliwatts [3].

5.3.1. OS1 being closed
5.3.2. OS2 being opened
5.3.3. SCREEN: Current value being set Videographer: please film

5.4. Then open optical switch 1 [1], close optical switch 2 [2], and adjust the variable optical attenuator attenuation so that the power of the loss 2 probe also equals minus 14 decibel-milliwatts [2].

5.4.1. Talent opening OS1
5.4.2. Talent closing OS2
5.4.3. SCREEN: Attenuation being set Videographer: please film

6. Complete Proposed BOTDA Setup and Data Processing Measurement

6.1. When the entire setup is complete, scan the frequency of the radio frequency generator 1 in the range of the Brillouin frequency shift minus 90 megahertz to plus 90 megahertz in 1 megahertz steps [1-TXT], recording the trace from the program after each scanning step [2].

6.1.1. WIDE: Talent scanning RGF 1, with monitor visible in frame TEXT: RGF2 and 3 frequencies scan correspondingly 
6.1.2. SCREEN: Trace being recorded Videographer: please film

6.2. Calculate the local Brillouin gain as demonstrated [1]. To retrieve the engineered Brillouin gain spectrum at each fiber section, fit the measured noisy Brillouin gain spectrum with the superimposed Lorentzian function [2].

6.2.1. SCREEN: Brillouin gain being calculated Videographer: please film
6.2.2. SCREEN: Noise gain being fit Videographer: please film

6.3. Repeat the scan and calculation N = 48 times and collect all of the estimated peak frequency distributions along the fiber [1].

6.3.1. SCREEN: Scan and calculation being repeated Videographer: please film

6.4. Then calculate the Brillouin frequency shift estimation error as the standard deviation of the fitted Brillouin frequency shift at each fiber section in the 48 measurements [1].

6.4.1. SCREEN: BFS being calculated Videographer: please film




Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
3.4., 3.7.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4. it ensures the pump pulse peak power. The success of the step can be ensured by writing down all the optimal parameters applied on different components in a note book.


Results
7. Results: Representative Frequency Shift Analyses

7.1. Points with η < 1 indicate a smaller frequency error with the engineered Brillouin gain spectrum [1].

7.1.1. LAB MEDIA: Figure 3A Video Editor: please emphasize left side of graph from 0-1.0

7.2. The minimum ratio was at m = 1, indicating that a multiprobe - instead of multipump - scheme can be carried out [1].

7.2.1. LAB MEDIA: Figure 3A Video Editor: please emphasize Min text and dot

7.3. Here the distribution of the frequency error ratio η along the fiber with the selected parameters for m and d are shown [1].

7.3.1. LAB MEDIA: Figure 3B

7.4. The dashed line indicates the sensing range extension under the same frequency error tolerance [1].

7.4.1. LAB MEDIA: Figure 3B Video Editor: please emphasize dotted lines

7.5. In this graph, typical conventional [2] and proposed Brillouin gain spectrum with their corresponding fittings can be observed [2].

7.5.1. LAB MEDIA: Figure 6A Video Editor: please emphasize green/black line
7.5.2. LAB MEDIA: Figure 6A Video Editor: please emphasize orange/yellow line

7.6. Here the time domain traces of the selected points on the spectrum are depicted [1].

7.6.1. LAB MEDIA: Figure 6 Video Editor: please sequentially emphasize (1) point A in Figure 6A with black data line in Figure 6B, (2) point B in Figure 6A with blue data line in Figure 6B, and (3) and point C in Figure 6A with orange data line in Figure 6B 

7.7. In this graph, the Brillouin frequency shift distribution along the fiber examined by both methods was plotted [1].

7.7.1. LAB MEDIA: Figure 5A

7.8. After 48 measurements, the standard deviations of the measurements at each fiber section were calculated and plotted [1], revealing that, due to the exponential decreasing signal-to-noise ratio, the frequency errors also follow an exponential increase [2].

7.8.1. LAB MEDIA: Figure 5B 
7.8.2. LAB MEDIA: Figure 5B Video Editor: please emphasize green and blue data lines 



Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Cheng Feng: Ideally, Dirac-delta function is the sharpest shape for peak determination. Novel electrical or optical ways to further engineer the gain spectrum into a sharper profile would also be good choice [1].

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