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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:31
Number of Shots: 59

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2.  Ultrasound System and Acquisition Configuration
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. Begin by connecting the portable linear ultrasound probe to the laptop through USB (U-S-B)  cable and power on the probe [1]. Launch the numerical computing software, open and run the GUI script, and proceed when the main GUI opens and the Command Window displays "Probe state-READY" [2].
2.1.1. WIDE: Talent connecting the ultrasound probe to the laptop and powering on the probe
2.1.2. SCREEN: Talent running the GUI script and confirming "Probe state::READY" in the Command Window
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page:  https://review.jove.com/account/file-uploader?src=22175378 

2.2. In the top control bar, select the desired transmit mode from the Acquisition drop-down menu by choosing PW (P-W) for plane-wave acquisition or FW (F-W) for focused-wave acquisition [1]. In plane-wave mode, generate quasi-plane-wave transmissions by applying transmit delays corresponding to an approximately 1-meter focal depth [2].
2.2.1. SCREEN: Acquisition dropdown menu being opened. PW or FW being selected
2.2.2. SCREEN: Plane-wave transmit configuration being applied with an approximately 1-meter focal depth

2.3.  In focused-wave acquisition mode, apply transmit delays to focus the acoustic beam at a user-defined focal depth [1]. In either mode, sequentially translate a moving 64-element transmit aperture across the probe aperture to generate 255 beamformed image lines [2].
2.3.1. SCREEN: Focused-wave transmit delays being applied at a user-defined focal depth
2.3.2. SCREEN: Moving 64-element transmit aperture being sequentially translated to generate 255 beamformed image lines
2.4. Select PW or FW from the acquisition dropdown menu and allow the selected mode to automatically configure the corresponding transmit delays, receive aperture configuration, and field-programmable gate array beamforming parameters [1]. Acquire beamformed radiofrequency data using the ultrasound probe with a 6-megahertz center frequency at a sampling frequency of 24 megahertz and a fixed 3-half-cycle, or 1.5-cycle, sinusoidal transmit pulse centered at the probe operating frequency [2].
2.4.1. SCREEN: Acquisition dropdown menu being opened. PW or FW being selected. Corresponding acquisition parameters being automatically configured
2.4.2. SCREEN: Beamformed radiofrequency data being acquired using the configured ultrasound probe settings
2.5. When FW is selected, verify that the fd (mm) [FW only] field in the Scan Parameters section becomes active, then enter the desired focal depth in millimeters [1].	Comment by Vipasha Sharma: Author: Please clarify how to write these in the narration.
2.5.1. SCREEN: FW being selected. fd (mm) [FW only] field becoming active. Desired focal depth being entered
2.6. Select a focal depth between 10 and 75 millimeters in 5-millimeter increments, using the default value of 15 millimeters unless a different focal depth is required [1]. Position the focal depth near the center of the region of interest to maximize lateral resolution [2].
2.6.1. SCREEN: Focal depth being set between 10 and 75 mm in 5-mm increments
2.6.2. SCREEN: Focal depth being positioned near the center of the region of interest

3. Attenuation and Scan Parameter Configuration
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. In the "Sample Attenuation" section, verify the attenuation compensation parameters for the medium being imaged [1]. For a tissue-mimicking phantom, use the default values of 0.5 decibels per centimeter per megahertz for attenuation coefficient, 1 for attenuation exponent, and 0 decibels per centimeter for the attenuation intercept [2].
3.1.1. SCREEN: Sample Attenuation section being opened and attenuation compensation parameters being reviewed
3.1.2. SCREEN: Attenuation coefficient, attenuation exponent, and attenuation intercept values being entered
3.2. If the sample attenuation is unknown, select the attenuation-based linear-fit parameters from the Select Parameters menu to obtain estimated attenuation coefficient and intercept maps [1]. Enter the attenuation coefficient and intercept corresponding to the depth of interest into the Sample Attenuation section for subsequent backscatter coefficient estimation  [2].
3.2.1. SCREEN: Select Parameters menu being opened. Attenuation-based linear fit parameters being selected
3.2.2. SCREEN: Estimated attenuation coefficient and intercept being entered into the Sample Attenuation section
3.3. Set the start depth and end depth fields to define the axial imaging range in the scan parameters section [1]. Use 0 and 100 millimeters to image the full probe depth [2]. Reduce the imaging depth to the region of interest when a higher acquisition frame rate is required by reducing the amount of data acquired and processed per frame [3].
3.3.1. SCREEN: Start depth (mm) and End depth (mm) fields being configured
3.3.2. SCREEN: Start depth being set to 0 mm and end depth being set to 100 mm
3.3.3. SCREEN: Imaging depth being reduced to the region of interest

4. Data Acquisition and Region-of-Interest Selection
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Place the ultrasound probe on a chicken breast sample or other commercially available meat [1]. Click the green "Start" button to begin data acquisition and automatically initiate quantitative ultrasound processing within the default region of interest [2]. Verify that the selected parameter map appears as a color overlay on the corresponding brightness-mode image [3].
4.1.1. Talent scanning the sample with the handheld ultrasound probe 
4.1.2. SCREEN: Green Start button being selected to begin data acquisition
4.1.3. SCREEN: Selected quantitative ultrasound parameter map appearing as a color overlay on the brightness-mode image

4.2. Confirm that the left window displays the live brightness-mode image and frame rate [1], while the right display window shows the live brightness-mode image with a translucent color overlay of the selected quantitative ultrasound parameter from the QUS (Q-U-S) Map dropdown menu within the default region of interest [2].
4.2.1. SCREEN: The live brightness-mode images being displayed
4.2.2. SCREEN: Right display window displaying the live brightness-mode image with the selected QUS Map parameter overlay

4.3. Verify that the displayed brightness-mode image is free of visible motion artifacts and that adequate acoustic coupling is maintained before quantitative ultrasound processing [1]. If significant probe or sample motion is observed, repeat the acquisition [2].
4.3.1. SCREEN: Brightness-mode image being checked for motion artifacts and adequate acoustic coupling
4.3.2. Talent repeating the acquisition after significant probe or sample motion is observed
Author: Will the shot 4.3.2. be performed?
4.4. Click Pause when a satisfactory image is displayed to pause the data acquisition [1], confirm that the button changes to "Resume," [2] and then click Select ROI  (R-O-I) [3]. Select two diagonally opposite corners on the B-mode image to define the rectangular region of interest [4].
4.4.1. SCREEN: Pause being selected to pause data acquisition
4.4.2. SCREEN: Button label changing from Pause to Resume
4.4.3. SCREEN: Select ROI being selected
4.4.4. SCREEN: Two diagonally opposite corners being selected to define a rectangular region of interest

4.5. Verify that the selected region defines the spatial extent for quantitative ultrasound processing using the sliding sub-regions of interest specified in the Processing Params window [1]. Position the ROI over the tissue region to be analyzed and, when modifying the default sub-region dimensions, maintain a minimum size of approximately 10 times the axial and lateral resolutions [2]. For spectral-based quantitative ultrasound processing, position the region within the depth range supported by reference phantom data, up to 50 millimeters [3]; for envelope statistics-based processing, position it anywhere within the full imaging depth [4].
4.5.1. SCREEN: Selected region of interest being displayed with the configured sliding sub-regions of interest
4.5.2. SCREEN: Region of interest being positioned over the target tissue with the recommended sub-region dimensions
4.5.3.  SCREEN: Region of interest being positioned within the appropriate imaging depth for the spectral-based processing
4.5.4. SCREEN: Region of interest being positioned within the appropriate imaging depth for the envelope-based processing method
4.6. After defining the region of interest, select resume to restart live acquisition [1]. Verify that near real-time quantitative ultrasound processing and parameter map visualization begin automatically [2] and confirm that the right display window updates the selected quantitative ultrasound parameter overlay according to the newly defined region of interest [3].
4.6.1. SCREEN: Resume being selected to restart live acquisition
4.6.2. SCREEN: Near real-time quantitative ultrasound processing beginning 
4.6.3. SCREEN: Right display window being updated with the selected parameter overlay for the new region of interest
4.7. If parameter estimation fails because a required input is blank, enter the missing value, restart the graphical user interface, and repeat the acquisition [1]. For spectral-based quantitative ultrasound parameter maps, verify that the backscatter coefficient-based intercept and mid-band fit maps do not show a systematic depth-dependent gradient that could indicate incorrect attenuation compensation [2]. For Homodyned-K processing, identify saturated regions in the H-K (H-K) Cluster map as failed parameter estimates and exclude them from interpretation [3].
4.7.1. SCREEN: Missing inputs being entered. Graphical user interface being restarted. Acquisition being repeated
4.7.2. SCREEN: Backscatter coefficient-based intercept and mid-band fit maps being checked for a systematic depth-dependent gradient
4.7.3. SCREEN: H-K Cluster map being reviewed. Saturated regions being identified as failed parameter estimates

4.8. To terminate the session, select stop & exit to stop data acquisition and close the graphical user interface [1].
4.8.1. SCREEN: Stop & Exit being selected. Data acquisition being stopped and the graphical user interface being closed
Author: Step 4.8 instructs the user to select “Stop & Exit” to stop data acquisition and close the GUI. However, the subsequent steps involve QUS processing, visualization, and saving the acquisition. Please confirm whether “Stop & Exit” should be performed at this stage or only after saving the acquisition in Section 6.

5. QUS Processing and Visualization
Demonstrator: Click here to enter name of demonstrator(s) 


5.1. Click "Select Params" and select the quantitative ultrasound parameters to be computed [1]. Verify that the "QUS Map" drop-down menu contains the selected parameters. When a parameter that has not yet been computed is selected using the default parameter list, verify that the right display window title shows Unavailable until computation is complete [2].
5.1.1. SCREEN: QUS Map dropdown menu being opened and compared with the parameters selected in Select Params
5.1.2. SCREEN: An uncomputed parameter being selected. Right display window title displaying Unavailable until computation is complete
5.2. After defining the ROI, click "Resume" and allow the software to compute all selected quantitative ultrasound parameters using the same sliding sub-regions of interest [1]. Confirm successful computation when the selected parameter map appears as a color overlay on the brightness-mode image [2].
5.2.1. SCREEN: Resume being clicked to restart data acquisition and compute all selected quantitative ultrasound parameters
5.2.2. SCREEN: Successful computation being displayed by the parameter map as a color overlay on the brightness mode image
5.3. For spectral-based processing, select the desired backscatter coefficient-based or attenuation-based parameters and allow the graphical user interface to automatically estimate the backscatter coefficient and display the corresponding effective scatterer diameter, effective acoustic concentration, spectral slope, spectral intercept, mid-band fit, or attenuation maps [1].
5.3.1. SCREEN: Desired backscatter coefficient-based or attenuation-based parameters being selected. Backscatter coefficient being automatically estimated. Corresponding parameter maps being displayed
5.4. For envelope statistics-based processing, select the desired Rayleigh, Nakagami, or Homodyned-K parameters and display the corresponding parameter maps [1]. When a higher frame rate is required, use Rayleigh SNR or Nakagami processing and reserve Homodyned-K processing for separate or offline analysis [2].
5.4.1. SCREEN: Rayleigh, Nakagami, or Homodyned-K parameters being selected and computed maps being displayed
5.4.2. SCREEN: Rayleigh or Nakagami processing being used for near real-time processing, with Homodyned-K reserved for separate or offline analysis
Author: Steps 5.2, 5.4, and 6.1 have been written concisely, with limited procedural detail. Please review these steps and their corresponding shots and confirm that the information provided is sufficient and accurately represents the procedure.
6. Saving and Exporting QUS Data
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. To save the acquisition, click "Pause" and then click "Save" once the Save button becomes active [1].
6.1.1. SCREEN: Pause being selected. Save becoming active and being selected to save the acquisition
6.2. Verify that the software creates the acquisition folder and exports both the graphical user interface image and the buffered quantitative ultrasound data file containing the parameter maps and radiofrequency data [1].
6.2.1. SCREEN: Acquisition folder being created. Graphical user interface image and buffered quantitative ultrasound data file containing the parameter maps and radiofrequency data being exported
6.3. After saving the required acquisition, click "Stop & Exit" to stop data acquisition and close the graphical user interface [1].
6.3.1. SCREEN: Stop & Exit being selected to stop the data acquisition and close the graphical user interface
7. Offline QUS Reprocessing and Visualization
Demonstrator: Click here to enter name of demonstrator(s) 
7.1. For offline visualization and reprocessing, launch the numerical computing software, run the load saved data script to reload previously exported radiofrequency data and the corresponding quantitative ultrasound parameter maps [1]. Select the desired buffered quantitative ultrasound capture file from the acquisition directory [2]. Confirm that the saved beamformed radiofrequency frames and corresponding quantitative ultrasound parameter maps load in the offline visualization window [3].
7.1.1. SCREEN: Numerical computing software being launched. load_saved_data.m script being run to reload the exported radiofrequency data and quantitative ultrasound parameter maps
7.1.2. SCREEN: buffered_qus_capture.mat file being selected from the acquisition directory
7.1.3. SCREEN: Saved beamformed radiofrequency frames and corresponding quantitative ultrasound parameter maps being loaded into the offline visualization window.

7.2. Navigate through the saved image sequence using the scrollbar or the "Previous" and "Next" buttons [1].  Select "Processing Params" to modify the sub-ROI dimensions and processing bandwidth [2].
7.2.1. SCREEN: Saved image sequence being navigated using the scrollbar and the Previous and Next buttons.
7.2.2. SCREEN: Processing Params being selected. Sub-region of interest dimensions and processing bandwidth being modified.
7.3. Click Select ROI to redefine the region of interest [1]. Select recompute frame to recompute the quantitative ultrasound parameter maps for the current frame using the updated processing parameters and region of interest [2]. 
7.3.1. SCREEN: Select ROI being selected. Region of interest being redefined
7.3.2. SCREEN: Recompute Frame being selected. Quantitative ultrasound parameter maps being recomputed for the current frame

7.4. Select set limits to adjust the color scale of the displayed quantitative ultrasound parameter map during offline review [1]. Enter the desired minimum and maximum values for the selected parameter to update the displayed color scale [2]. 
7.4.1. SCREEN: Set Limits being selected to adjust the displayed quantitative ultrasound parameter map color scale
7.4.2. SCREEN: Minimum and maximum values being entered for the selected parameter

Author: Please review all the protocol steps and corresponding shots carefully and confirm that the procedure, sequence, parameters, and depicted actions are accurate and complete.




Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 193
· Please note that the video cannot include voiceover without an accompanying visual.

8. Results 

8.1. Backscatter coefficient estimates obtained using both plane-wave and focused-wave acquisitions showed close agreement with the theoretical BSC [1]. At 4.75 megahertz, single-frame estimates were −0.43 and −0.80 decibels per meter per steradian, respectively [2]. Averaging over 20 frames reduced variability [3] and the estimated mean backscatter coefficient at 4.75 megahertz increased to minus 0.25 decibels per meter per steradian for plane wave acquisition [4] and minus 0.01 decibels per meter per steradian for focused wave acquisition  [5].
8.1.1. LAB MEDIA: Figure 5E. Video editor: Please highlight the colored PW and FW curves together with the black theoretical BSC curve 
8.1.2. LAB MEDIA: Figure 5E. Video editor: Please highlight the values at the bottom of the graph: PW = −0.43 ± 1.60 and FW = −0.80 ± 1.26 at 4.75 MHz
8.1.3. LAB MEDIA: Figure 5F. Video editor: Please highlight PW and FW curves and their narrower shaded regions
8.1.4. LAB MEDIA: Figure 5F. Video editor: Please highlight the PW value of −0.25 ± 0.52 decibels per meter per steradian at 4.75 MHz
8.1.5. LAB MEDIA: Figure 5F. Video editor: Please highlight the FW value −0.01 ± 0.51 decibels per meter per steradian at 4.75 MHz

8.2. Envelope statistics showed similar Nakagami shape parameters for plane wave and focused wave acquisitions, with mean values of 1.00 for both modes [1]. Rayleigh signal-to-noise ratio values were also comparable, at 1.91 for plane-wave acquisition and 1.90 for focused-wave acquisition, indicating consistent parameter estimation across the two acquisition modes [2]. The mean H-K clustering parameter was 34.8 for plane-wave acquisition [3] and 25.6 for focused-wave acquisition, with substantial variability in the estimates [4].
8.2.1. LAB MEDIA: Figure 6. Video editor: Please highlight the NakShape maps in the top and bottom rows, then highlight the displayed mean value of 1.00 in both maps
8.2.2. LAB MEDIA: Figure 6. Video editor: Please highlight the SNR maps and focus on the displayed mean values of 1.91 for PW and 1.90 for FW
8.2.3. LAB MEDIA: Figure 6. Video editor: Please highlight the “HKCluster” map in the upper row and the mean value of 34.8 shown at the bottom of the map
8.2.4. LAB MEDIA: Figure 6. Video editor: Please highlight the “HKCluster” map in the lower row and the mean value of 25.6 shown at the bottom of the map

8.3. The midband fit measurements showed differences of minus 5.97 and minus 3.21 decibels between adjacent contrast targets [1], closely matching the expected minus 6 and minus 3 decibels [2]. Similarly, effective acoustic concentration differences of minus 6.05 and minus 3.09 decibels closely matched the expected contrast differences, demonstrating accurate quantification of acoustic contrast [3].
8.3.1. LAB MEDIA: Figure 7B. Video editor: Please highlight the value −5.97 dB and -3.21 dB
8.3.2. LAB MEDIA: Figure 7A and 7B. Video editor: Please highlight the value −6 dB and -3 dB in Figure 7 A, along with −5.97 dB and -3.21 dB in Figure 7B 
8.3.3. LAB MEDIA: Figure 7C and 7A. Video editor: Please highlight the value −6.05 dB and 3.09, along with the value −6.05 dB and -3.09 dB in Figure 7A 
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