Manuscript Summary:
In this article, authors are presenting the workflow of the atomic position tracking in the atomic resolution transmission electron microscopy imaging using Matlab app (EASY-STEM). They finish with some tips for acquiring high-quality STEM images.

Overall, this is a very interesting work which will be of use to researchers to extract more quantitative analysis from their STEM outputs in the future. This manuscript describes the advanced STEM image quantification and analysis. The method is overall well-presented and the topic itself is very interesting. In the video, the example of atom indexing and quantifying the atom positions for CaRuO is very well-explained. 

We appreciate the reviewer for the positive comments.

This method gives the users the ability to design and customize the data analysis for their unique material systems. However, some minor points should be considered before publishing the manuscript.

Major Concerns:
#1: First on the overall structure, the writing does not seem to flow well; the authors did not explain the topic in order (as the sequence in the abstract). I recommend firstly address the tips for acquiring high-quality STEM images as it is a vital step before analyzing the image.

We appreciate the reviewer to point this out. We agree with the reviewer that the tips for acquiring high-quality images should be addressed first in the protocol. We have moved the tips from the discussion section to step 1.1 in the protocol section. (from line 96 to line 148). 

#2: There are some typos and some missing parts. In the first sentence of the abstract, the "transmission" is missed. Also, the spelled-out of some abbreviations are not presented when they are used for the first time, such as ADF. The fifth item in the abstract is numbered as 4. In protocol, Figure 3f is addressed before 3(a to e).

We thank the reviewer for noting this. We have fixed the typos and mistakes in writing. Namely, we added transmission in the first sentence of the abstract (line 30). Also, we fixed the numbering of the steps involved (line 34 - 40). Also, in Figure 3, we have fixed the issue by addressing the Figures based on the order they are mentioned. 

#3: In Figure 4a, technically you are unable to observe oxygen atoms (due to the weak scattering). So, why are you showing oxygen positions in this figure?

We have removed the O label from the schematic in Figure 4a to avoid confusion. 

#4: The authors mentioned some limiting factors - they should present and discuss these limiting factors in more detail.

We appreciate the reviewer for pointing this out.  To discuss the limitation in a much more detailed fashion, we added Figure 6 into the manuscript, which presents the statistical quantification of the proposed atom position finding method. We added more details in the discussion section to stress the limitation of the proposed method and importance of measurement precision. 

In the discussion section (line 520 - line 532), we added the following text: 

To demonstrate the measurement precision, the statistical quantification of the atom position finding is presented in Figure 6. The measurement of cubic ABO3 perovskite A-site distance distribution and unit cell vector angle distribution is plotted using histogram in Figure 6a and 6b respectively. By fitting the normal distribution curve to the distributions, the A-site distance distribution shows a mean of 300.5 pm and standard deviation of 4.8 pm and unit cell vector angle distribution shows a mean of 90.0 degrees and standard deviation of 1.3 degrees. The statistical quantification indicates the method proposed here enables picometer-level precision and can greatly alleviate the distortion due to drift during imaging. This result suggests that this measurement is trustworthy when the physical information to be measured is greater or equal to roughly 10 pm. For example, in the case of aforementioned CRO crystals, the measurement of the magnitude of the polar displacement is presented in Figure 6c. The measurement shows a mean of 25.6 pm, a standard deviation of 7.7 pm, and it shows that the polar displacement measurement in CRO STEM images is solid.

#5: Another evidence of defected crystal structure can be shown to describe the precision of this method. In addition, in order to allow the reader to understand how accurate this quantification study is, the authors should provide the standard deviation that can be associated with the measurement method, e.g. by repeatedly scanning different regions of the same sample.

We agree with the reviewer to provide the quantification of the measurement precision. We have added the standard deviation of the measurement of the polar displacement in CRO crystal in Figure 6c. We determined a mean displacement of 25.6 pm with 7.7 pm standard deviation and plotted the histogram of the polar displacement and the normal distribution fitting of the measurement. 

#6: Quantitative numbers for aforementioned systems (perovskite and CaRuO) in the manuscript could be provided.

We also agree with the reviewer’s suggestion to provide the quantitative numbers in the perovskite and CRO crystals. For the perovskite system, we added a distribution of measurement of the lattice parameter and angles of the unit cell vectors in Figures 6a and 6b. In Figure 6a, we fitted a normal distribution to all the measured A-site distances as an assessment for the measurement precision. The result shows a standard deviation of 4.8 pm which supports our claim of single picometer precision for our method. In Figure 6b, we measured the unit cell vector angle to assess the atom positioning precision and the benefit of drift-correction. Our result shows a 90 degree average and a 1.3 degree standard deviation. Given the prior knowledge that the perovskite unit cell is cubic, it shows the atomic positioning and drift-correction is effective. For the CRO, we have included the polar displacement measurement as a benchmark for the measurement precision in Figure 6c. 

Reviewer #2:
This manuscript, written by Leixin Miao et al., introduces post-processing and quantification of aberration corrected STEM images. As this reviewer is also in related research field, I agree with the authors that although obtaining atomic-resolution STEM became much easier, advanced data analysis procedures and methods (denoising, drift-correction and quantification) are still not familiar with most of the researchers. Some groups have their own algorithms and codes about these, but most of the groups without experience about image processing or writing code face hard time on analyzing their images. Therefore, an article with detailed description is worth to be published. I suggest this manuscript to be published in JoVE after some revisions, especially this journal aims to provide protocols for the beginners. 

We appreciate the reviewer for the positive comments.

My detailed comments are:

1. In line 101, can authors explain in more detail about why scanning beam direction should be avoided paraller or perpendicular to the lattice planes?

[bookmark: _Hlk65444009]The reason to avoid the scanning direction to coincide with the lattice planes is to prevent the potential drift artifacts during the image registration while drift correcting the images. The drift correction algorithm typically uses the cross correlation for “patch matching” the input images.  During patch matching, the features with both horizontal and vertical variations will be ideal, since shifting the patch window in any direction would yield large changes. If the scanning direction coincides with certain horizontal or vertical features (lattice planes, interfaces, etc..), it is possible that the highly directional features may cause the patch matching to produce artifact. 

Based on your feedback, in the protocol 1.1.6 section (line 144-148) of the Manuscript, we added the following text to further clarify on this point in the manuscript:

[bookmark: _Hlk65790435]Additionally, it is recommended that the scan direction and the low index lattice planes not maintain parallel or perpendicular directions with each other and instead maintain oblique angles. If the scan direction coincides with certain horizontal or vertical features (lattice planes, interfaces, etc..), the drift along the direction of the strong vertically/laterally varying features may cause artifacts during image registration. 

2. As the authors already discussed about artifacts that may generated during the process, the artifacts may affect the quantification results like atomic displacement or strain measurement and bring errors. In such cases, researchers should determine whether these results are due to artifact, often subtle to recognize. If possible, can authors provide advice about this in discussion section?

Thank you for the excellent suggestion. One major source of the measurement artifact is a result of the limitation of measurement precision. We added Figure 6 to present a statistical quantification of the atom position measurement. The result suggests that our method is well capable of providing single picometer level precision in atom position measurement. In the discussion section (line 520 - line 532 and line 536 - line 538), we added a discussion on the precision requirement for the measurement. 

To demonstrate the measurement precision, the statistical quantification of the atom position finding is presented in Figure 6. The measurement of cubic ABO3 perovskite A-site distance distribution and unit cell vector angle distribution is plotted using histogram in Figure 6a and 6b respectively. By fitting the normal distribution curve to the distributions, the A-site distance distribution shows a mean of 300.5 pm and standard deviation of 4.8 pm and unit cell vector angle distribution shows a mean of 90.0 degrees and standard deviation of 1.3 degrees. The statistical quantification indicates the method proposed here enables picometer-level precision and can greatly alleviate the distortion due to drift during imaging. This result suggests that this measurement is trustworthy when the physical information to be measured is greater or equal to roughly 10 pm. For example, in the case of aforementioned CRO crystals, the measurement of the magnitude of the polar displacement is presented in Figure 6c. The measurement shows a mean of 25.6 pm, a standard deviation of 7.7 pm, and it shows that the polar displacement measurement in CRO STEM images is solid.  ... Our method is insufficient when the precision is required at the sub-picometer level, so a more advanced analysis routine is necessary if the feature to be extracted in the image is below a certain threshold.

The other source of error is the experimental limitation of signal-to-noise ratio. For example, the low signal-to-noise ratio when imaging some beam-sensitive samples can bring artifacts in atom position measurement. In the discussion section (line 532 - line 535), we added the discussion such issue: 

Additionally, more caution needs to be taken in case of experimental limitations such as low signal-to-noise ratio when imaging beam-sensitive samples. In those cases, the measured atom positions need to be closely examined against the raw images to ensure the validity of the measurement.

3. In line 343, what does highly defocused beam mean? Does it mean weak beam with low dose? Please elaborate.

Dear reviewer, by the highly defocused beam, we mean spread the beam by adjusting the strength of the condenser lenses. This process is usually referred to as “beam shower”, and it is typically done at low magnification and with relatively high electron dose. The electron beam can push away hydrocarbon contamination on the TEM samples and thus reduce the accumulation of the contamination during imaging. 

Based on the comment from reviewer #1, we moved the discussion related to the tips for cleaning the TEM sample from the discussion section to step 1.1.2 of the protocol. Based on your question, we elaborated the operation of ‘beam shower’ as the following text (line 110-113):

[bookmark: _Hlk65790891]“… or irradiating the region of interest in the sample at low magnifications by spreading the electron beam after sample insertion into the microscope (‘beam shower’).”

[bookmark: _Hlk65791139]4. In line 362, "Next, when determining the initial atom positions based on local maximum/minimum, try to adjust the restriction minimum distance between peaks to avoid creating redundant positions between atomic columns. " is not clear. Did the authors mean try to avoid artifacts that can be generated between atomics columns? Please elaborate.

Yes, the redundant positions in the original text are the artifacts generated between atomic columns. We have further explained this point. In the manuscript line 482, we have added: 

These redundant positions are artifacts generated due to the algorithm mistakenly recognizing the local maxima/minima in the image as atomic column.
