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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. 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 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.

3. 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.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare.

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:  16
Number of Shots:  52 

Introduction 

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 full 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 full 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 full 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 full 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.
Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full 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 full 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 full 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.

Ethics Title Card
This research has been approved by the Institutional Review Board (IRB) of Tam Duc Hospital prior to retrospective data collection.

Authors: Please confirm whether this is accurate.



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.) 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 you/your videographer will capture. 

2. Preparing and Digitizing Electrocardiogram (ECG) Data
Demonstrator: Click here to enter name of demonstrator(s)

2.1. To begin, obtain all the electrocardiograms or ECGs (E-C-Gees) required for the research in a folder labeled ‘Data’ [1]. Create 2 folders to sort the electrocardiogram inputs [2-TXT]. Authors: Please verify the pronunciation.

2.1.1. WIDE: Show the talent seated at a computer, opening a folder labeled Data, then zoom in on the screen as they scroll through electrocardiogram files.
2.1.2. Talent creating 2 folders to sort the electrocardiogram inputs. TXT: PDF files: raw_pdf, Paper scans: raw_scans

2.2. To convert paper ECG (E-C-G) to image, first keep the page flat [1] and then, scan the paper ECG in grayscale at 300 dots per inch [2]. Convert each ECG PDF page to a grayscale image at 300 dots per inch [3]. Save each page as png (p-n-g) or tiff with minimal compression [4]. Open the outputs folder and store the exported images in images folder while keeping filenames consistent across all pipeline stages [5].

2.2.1. Talent flattening the paper ECG on the scanner bed.
2.2.2. Talent initiating a grayscale scan at 300 dpi.
2.2.3. SCREEN: Show electrocardiogram portable document format pages being converted into grayscale images at 300 dots per inch.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21396103
2.2.4. SCREEN:  Show the exported page being saved as portable network graphics or tagged image file format with minimal compression.
2.2.5. SCREEN: Show the image files being placed into outputs/ images folder with matching filenames. Video editor: Please add LABMEDIA: Figure 2 as inset.

3. ECG Image Preprocessing and Calibration

Demonstrator: Click here to enter name of demonstrator(s)

3.1. Apply contrast limited adaptive histogram equalization or CLAHE (C-L-A-H-E) to enhance faint gridlines and waveform contrast [1]. Apply a light Gaussian blur to reduce high-frequency noise while preserving waveform edges [2].
Authors: Please verify the pronunciation in [1].

3.1.1. SCREEN: Show preprocessing software applying CLAHE to an electrocardiogram image.
3.1.2. SCREEN: Show a light Gaussian blur being applied to the same image.

3.2. Crop large black margins while preserving the full electrocardiogram content area [1]. Rotate the image to an upright orientation if the scan or export is rotated [2]. Save the preprocessed outputs to the preprocessed folder within the output folder [3]. Visually inspect a subset of preprocessed outputs and confirm that gridlines and traces remain readable [4]. Avoid aggressive smoothing that breaks thin waveform segments [5].

3.2.1. SCREEN: Show the electrocardiogram image being cropped to remove large black margins while retaining the full content area.
3.2.2. SCREEN: Show the image being rotated to an upright orientation.
3.2.3. SCREEN: Show the preprocessed image being saved to outputs/preprocessed folder.
3.2.4. Talent reviewing a subset of preprocessed electrocardiogram images on screen for readable gridlines and waveform traces.
3.2.5. SCREEN: Show an example of overly smoothed waveform segments being avoided during preprocessing.

3.3. Detect grid spacing using Hough line detection [1]. Compute the pixel-to-millimeter conversion using the detected spacing and the ECG paper standard [2]. Rescale the image using bicubic interpolation to normalize scale across records [3]. Save calibrated images to the calibrated folder in the output folder [4]. Store calibration logs for each record [5].

3.3.1. SCREEN: Show Hough line detection identifying vertical and horizontal gridlines on the ECG image.
3.3.2. SCREEN: Show the detected grid spacing being used to calculate the pixel-to-millimeter conversion. 
3.3.3. SCREEN: Show the calibrated electrocardiogram image being rescaled with bicubic interpolation.
3.3.4. SCREEN: Show the calibrated image being saved to outputs/calibrated/.
3.3.5. SCREEN: Show the calibration log being stored.

4. Waveform Extraction and Trace Reconstruction  

Demonstrator: Click here to enter name of demonstrator(s)

4.1. After loading the trained YOLOv12 (Yo-lo-v-12) model, run inference on each calibrated image using the configured inference size of 1024 [1]. Apply non-maximum suppression and keep the highest-confidence bounding box for each lead class [2].

4.1.1. SCREEN: Show the calibrated electrocardiogram image being processed with inference size 1024.
4.1.2. SCREEN: Show non-maximum suppression being applied while retaining the highest-confidence bounding box for each lead class.

4.2. Export the bounding boxes to yolo boxes folder in the outputs folder in a reproducible  format [1]. Save overlay images showing predicted lead-region boxes and labels for verification [2]. Flag records with missing leads, duplicated leads, or inconsistent layout [3] and exclude them from automatic export when needed [4].

4.2.1. SCREEN: Show lead-region bounding boxes being exported to outputs/yolo_boxes/ in a reproducible file format. 
4.2.2. SCREEN: Show an overlay image with predicted lead-region boxes and labels.
4.2.3. SCREEN: Show a record being flagged for missing leads, duplicated leads, or inconsistent layout.
4.2.4. SCREEN: Show flagged records being excluded from automatic export.

4.3. After lead icons are localized using YOLOv12, crop each lead region from the calibrated image using the predicted bounding box coordinates [1]. Pad the crops to a consistent size when lead regions vary across layouts [2]. Save the cropped images to lead crops folder in the output folder using the appropriate file naming scheme  [3]. Confirm that all 12 leads are present for each record before waveform extraction [4].

4.3.1. SCREEN: Show a lead region being cropped from the calibrated image by bounding box coordinates.
4.3.2. SCREEN: Show the cropped lead image being padded to a consistent size.
4.3.3. SCREEN: Show the cropped lead image being saved to outputs/lead_crops/ in the appropriate file naming scheme.  Video editor: Please emphasize the name of the file.
4.3.4. SCREEN: Talent checking the full set of 12 lead crops for a single record on screen.

5. Generate a binary signal mask for each lead crop 

Demonstrator: Click here to enter name of demonstrator(s)

5.1. Normalize each lead crop intensity to an 8-bit intensity range [1]. Apply adaptive thresholding or Otsu thresholding to separate the waveform trace from the background and gridlines [2].

5.1.1. SCREEN: Show a lead crop being normalized to an 8-bit intensity range.
5.1.2. SCREEN: Show thresholding separating the waveform trace from the background and gridlines.

5.2. Apply morphological cleanup, such as opening or closing [1]. Use interpolation or connectivity-based filling to bridge small gaps in the trace [2]. Save the final binary mask to masks folder in the output folder [3]. Verify mask quality on representative samples [4].

5.2.1. SCREEN: Show morphological cleanup removing residual grid artifacts from the thresholded lead image.
5.2.2. SCREEN: Show small gaps in the waveform trace being bridged.
5.2.3. SCREEN: Show the final binary mask being saved to outputs/masks folder
5.2.4. SCREEN: Show the  mask quality being Verified on representative samples.

5.3. To extract waveform trace using improved centerline extraction, skeletonize the binary mask to obtain a centerline candidate [1]. Remove spurious branches and isolated components caused by grid noise [2].

5.3.1. SCREEN: Show the binary mask being skeletonized into a centerline candidate.
5.3.2. SCREEN: Show spurious branches and isolated components being removed.

5.4. Smooth the centerline and enforce left-to-right continuity [1]. Interpolate short missing segments to preserve waveform continuity [2]. Save the centerline coordinates to traces folder in the output folder [3] Save overlay plots for validation [4].

5.4.1. SCREEN: Show the extracted centerline being smoothed into a continuous left-to-right trace.
5.4.2. SCREEN: Show short missing segments being interpolated along the waveform trace.
5.4.3. SCREEN: Show centerline coordinates being saved to outputs/traces/.
5.4.4. SCREEN: Show overlay plots being saved for validation.

6. Signal Conversion, Resampling, and WFDB Export 

Demonstrator: Click here to enter name of demonstrator(s)

6.1. Use the calibrated grid scale of 10 millimeters per millivolt and the pixel-to-millimeter mapping to convert pixel y-coordinates into voltage [1]. Use the calibrated grid scale of 25 millimeters per second and the pixel-to-millimeter mapping to convert pixel x-coordinates into time [2].

6.1.1. SCREEN: Show pixel y-coordinate values being converted into voltage values.
6.1.2. SCREEN: Show pixel x-coordinate values being converted into time values.

6.2. Resample each lead to a fixed sampling rate of 100 hertz and align all 12 leads in time [1]. Save the 12-lead signals as CSV files in signals csv folder in the outputs folder with consistent column names and units [2].

6.2.1. SCREEN: Show the 12 lead signals being resampled to 100 hertz and aligned in time.
6.2.2. SCREEN: Show the aligned 12 lead signals being saved to outputs/signals_csv/ with consistent column names and units.

6.3. To export WFDB records and validate outputs, convert each 12-lead CSV file into a waveform database record using the waveform database library [1]. Write the header file with the record name, sampling rate, signal gains, baselines, and lead names [2]. Write the signal file using a consistent 16-bit numeric type and microvolt unit convention [3].

6.3.1. SCREEN: Show a 12-lead comma-separated values file being converted into a waveform database record.
6.3.2. SCREEN: Show the header file being written with record name, sampling rate, signal gains, baselines, and lead names.
6.3.3. SCREEN: Show the signal file being written with a consistent 16-bit numeric type and microvolt units.

6.4. Reload each waveform database record and plot all 12 leads to confirm lead order, naming, and time alignment [1]. Save the final waveform database outputs to wfdb folder in the output folder [2]. Save the validation plots [3].

6.4.1. SCREEN: Show a reloaded waveform database record plotted with all 12 leads for validation.
6.4.2. SCREEN: Show the validated waveform database outputs and plots being saved to outputs/wfdb/.
6.4.3. SCREEN: Show the validation plots being saved.


Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. 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: 29
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 
7.1. Enhanced continuity of the extracted electrocardiogram trace [1] was illustrated by the trace overlay on the lead image [2] under variable trace thickness [3] and small discontinuities [4]. Authors: Please review this section and the associated shots carefully and confirm their accuracy. In addition, please explicitly specify the visual elements that should be shown on screen, including any key details that need to be highlighted or emphasized in each image. When providing comments, please mention each image by its label so there is no ambiguity in interpretation.

7.1.1. LAB MEDIA: Figure 9. Video editor: Highlight the thin red line that follows along the signal curve from left to right.
7.1.2. LAB MEDIA: Figure 9. Video editor: Show the original lead image and clearly point out the overlaid line on top of it.
7.1.3. LAB MEDIA: Figure 9. Video editor: Focus on sections where the signal line changes from thick to thin.
7.1.4. LAB MEDIA: Figure 9. Video editor: Zoom into areas where the signal line is broken and show that the overlaid line continues across the gap.
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