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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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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?   No

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. No



Current Protocol Length
Number of Steps: 31
Number of Shots: 58

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


Authors: Statements have been edited for length and clarity. 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. Nitin Burman:   Our research focuses on integrating quantitative ultrasound with portable imaging systems to enable objective point-of-care tissue characterization.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Nitin Burman: Existing quantitative ultrasound methods rely largely on cart-based systems. This protocol enables integrated near-real-time quantitative ultrasound imaging on an ultra-portable platform.  
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
Describe the research contexts or systems in which this protocol can be applied.
1.3. Nitin Burman: This protocol can be applied in research and point-of-care settings requiring portable quantitative characterization of biological tissues using ultra-portable ultrasound imaging systems. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Nitin Burman: This protocol allows researchers to characterize tissue microstructure and acoustic properties using spectral and envelope statistics-based ultrasound parameters.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.5. Nitin Burman: The most important consideration is maintaining adequate acoustic coupling and minimizing probe or sample motion to ensure reliable quantitative ultrasound parameter estimation.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



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


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2.  Ultrasound System and Acquisition Configuration
Demonstrator: Nitin Burman 

2.1. Begin by connecting the portable linear ultrasound probe to the laptop using a USB-C (U-S-B-C) cable and powering on the probe [1]. Launch the numerical computing software, open and run the graphical user interface or GUI, (G-U-I) 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: Numerical computing software being launched. Graphical user interface script being opened and run. Main graphical user interface opening and the Command Window displaying Probe state-READY

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. Place the ultrasound probe on the sample and ensure adequate acoustic coupling [1].
2.2.1. Talent placing the handheld ultrasound probe on the sample and establishing adequate acoustic coupling

2.3. Click the green Start button to begin data acquisition [1]. Acquire beamformed radiofrequency data using the default ultrasound probe settings [2]. Observe the brightness-mode image in the GUI and allow quantitative ultrasound, or QUS, (Q-U-S)  processing to proceed using the default scan, region-of-interest, and processing parameters [3].
2.3.1. SCREEN: Green Start button being selected to begin data acquisition
2.3.2. SCREEN: Beamformed radiofrequency data being acquired 
2.3.3. SCREEN: Brightness-mode image and QUS parameter map being displayed using the default settings

2.4. 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]. 
2.4.1. SCREEN: Acquisition dropdown menu being opened. PW or FW being selected

2.5. In plane-wave mode, set the transmit delays to an approximately 1-meter focal depth to generate quasi-plane-wave transmissions [1]. Whereas in focused-wave mode, apply transmit delays to focus the acoustic beam at a user-defined focal depth [2]. 
2.5.1. SCREEN: Plane-wave mode being configured with transmit delays corresponding to an approximately 1-meter focal depth
2.5.2. SCREEN: Focused-wave mode being configured with transmit delays at the user-defined focal depth

2.6. In either acquisition mode, allow the system to use the moving 64-element transmit aperture to generate 255 beamformed image lines and automatically configure the corresponding receive aperture and field-programmable gate array beamforming parameters [1]. Then, acquire beamformed radiofrequency data using a 6-megahertz center frequency, 24-megahertz sampling frequency, and a fixed 3-half-cycle, or 1.5-cycle, sinusoidal transmit pulse [2].
2.6.1. SCREEN: Selected acquisition mode automatically configuring the corresponding receive aperture and field-programmable gate array beamforming parameters
2.6.2. SCREEN: Beamformed radiofrequency data being acquired using a 6-megahertz center frequency, 24-megahertz sampling frequency, and a fixed 1.5-cycle sinusoidal transmit pulse

2.7. When FW is selected, verify that the focal-depth field becomes active, then enter a focal depth between 10 and 75 millimeters in 5-millimeter increments, using 15 millimeters as the default value 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].
2.7.1. SCREEN: FW being selected. Focal-depth field becoming active. Focal depth being entered between 10 and 75 millimeters in 5-millimeter increments, with 15 millimeters used as the default value
2.7.2. SCREEN: Focal depth being positioned near the center of the region of interest

3. Attenuation and Scan Parameter Configuration
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 used 

3.2. If the sample attenuation is unknown, select the attenuation-based linear-fit parameters from the select Parameters menu to estimate the attenuation coefficient and intercept from the acquired data [1]. Use the estimated attenuation coefficient and intercept corresponding to the depth of interest in 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 corresponding to the depth of interest being entered into the Sample Attenuation section

3.3. Set the start and end depth fields to 0 and 100 millimeters, respectively, to define the axial imaging range and image the full probe depth [1]. Reduce the imaging depth to the region of interest to increase the acquisition frame rate by limiting the amount of data acquired and processed per frame [2].
3.3.1. SCREEN: Start depth being set to 0 millimeters and End depth being set to 100 millimeters to define the full axial imaging range.
3.3.2. SCREEN: Imaging depth being reduced to the region of interest

4. Live QUS Imaging and Region-of-Interest Selection
4.1. With data acquisition running, verify that the selected QUS parameter map appears as a color overlay on the corresponding brightness-mode image [1].
4.1.1. SCREEN: Selected QUS 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 QUS parameter from the QUS 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 QUS processing [1]. If significant probe or sample motion is observed, stabilize the probe [2] and allow the near real-time QUS maps to update automatically [3].
4.3.1. SCREEN: Brightness-mode image being checked for motion artifacts and adequate acoustic coupling
4.3.2. Talent stabilizing the probe 
4.3.3. SCREEN: Probe and sample motion being stabilized. Near real-time quantitative ultrasound maps updating automatically

4.4. When a satisfactory image is displayed, click Pause to pause 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 brightness-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 QUS 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 QUS processing, keep the ROI within the reference-phantom depth range of 50 millimeters or less [3]. For envelope statistics-based processing, position the ROI 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 QUS processing and parameter map visualization begin automatically [2] and confirm that the right display window updates the selected QUS 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 QUS processing and parameter map visualization beginning automatically
4.6.3. SCREEN: Right display window updating the selected qus parameter overlay according to the newly defined region of interest
4.7. If parameter estimation fails because a required input is blank, enter the missing value and repeat the QUS processing [1]. For spectral-based QUS 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 and QUS processing being repeated
4.7.2. SCREEN: Backscatter coefficient-based intercept and mid-band fit maps showing a systematic depth-dependent gradient due to incorrect attenuation compensation, followed by a map without the gradient after appropriate attenuation compensation. 
4.7.3. SCREEN: H-K Cluster map being reviewed. Saturated regions being identified as failed parameter estimates

5. QUS Processing and Visualization

5.1. Click select params and select the desired QUS parameters to be computed [1]. With QUS processing running in the previously defined region of interest, the software automatically computes the selected parameters using the same sliding sub-regions of interest [2]. Once computation is complete, verify that the selected parameters appear in the QUS Map drop-down menu and that the selected parameter map is displayed as a color overlay on the brightness-mode image [3].
5.1.1. SCREEN: Select Params being opened and the desired QUS parameters being selected
5.1.2. SCREEN: Selected QUS parameters being automatically computed using the previously defined region of interest and sliding sub-regions of interest
5.1.3. SCREEN: QUS Map drop-down menu displaying the computed selected parameters and the selected parameter map appearing as a color overlay on the brightness-mode image

5.2. For spectral-based processing, first select the desired backscatter coefficient-based parameters. Allow the GUI to estimate the backscatter coefficient and display the corresponding effective scatterer diameter, effective acoustic concentration, spectral slope, spectral intercept, and mid-band fit maps [1].
5.2.1. SCREEN: Backscatter coefficient-based parameters being selected, followed by the corresponding effective scatterer diameter, effective acoustic concentration, spectral slope, spectral intercept, and mid-band fit maps being displayed

5.3. Next, select the attenuation-based parameters. Allow the GUI to estimate attenuation within each sub-region of interest and display the attenuation coefficient, attenuation intercept, and attenuation-at-mid-band maps [1].
5.3.1. SCREEN: Attenuation-based parameters being selected, followed by the attenuation coefficient, attenuation intercept, and mid-band attenuation 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 the Rayleigh signal-to-noise ratio 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

6. Saving and Exporting QUS Data
6.1. To save the acquired ultrasound data and QUS parameter maps, 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 QUS data file containing the parameter maps and radiofrequency data [1].
6.2.1. SCREEN: Acquisition folder being created. Graphical user interface image and buffered QUS 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 GUI [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
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 QUS parameter maps [1]. Select the desired buffered QUS capture file from the acquisition directory [2]. Confirm that the saved beamformed radiofrequency frames and corresponding QUS 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 QUS 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 QUS 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 QUS 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. QUS parameter maps being recomputed for the current frame

7.4. Select set limits to adjust the color scale of the displayed QUS 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 QUS parameter map color scale
7.4.2. SCREEN: Minimum and maximum values being entered for the selected parameter


















Results

8. Results 

8.1. Backscatter coefficient estimates obtained using both plane-wave and focused-wave acquisitions showed close agreement with the theoretical backscatter coefficients  [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], yielding mean values of 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 at 4.75 megahertz [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 mid-band 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 in Figure 7C, along with the value −6 dB and -3 dB in Figure 7A 
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