ATOM INDONESIA
Author's Responses

[bookmark: _GoBack]Detailed Responses to Reviewers 
Code: 1111
Title: An Automated Measurement of Image Slice Thickness of Computed Tomography
Reviewer 1:
1. The research aims to develop an algorithm in MATLAB software for the automated measurement of the slice thickness using the AAPM CT performance phantom, but in the conclusion section there is no sentence to answer the objective.
Response: Thank you for the comments. We have added a sentence to answer the objective. Please see the revised manuscript at Conclusion section.
2. Need more comparison result from previously similar researches.
Response: Thank you for the comments. We have added details of our research to determine the slice thickness. Please see the revised manuscript, page 1, paragraph 5.
3. In line 273 the method was fast (less than 1 s), but there is no data in the experimental results.
Response: Thank you for the comments. We have deleted this statement since we do not focus on this issue. Please see the revised manuscript at Conclusion section.
4. Line 23-24 Should be write: Due to its complexity, the quality control of..........
Response: Thank you for the correction. We have replaced the typo in the sentence. Please see the revised manuscript, page 1, paragraph 2.
5. In the method section, please add the flowchart of the automated measurement process to make the reader easily understands. Explain where the MATLAB is used in this process.
Response: Thank you for the comments. We have added the flowchart (Fig 3) of the automated measurement process to make it easily to understand. We also have added an explanation where the MATLAB is used in this process. Please see the revised manuscript and Fig 3.

Reviewer 2:
1. For logical argument, it is not yet, the author needs to extend the experiments in order to obtain complete results to create proper discussions and conclusions.
2. If considering the presented data, the conclusion is in line with the discussion. However, the data is too premature to create proper conclusions.
General comments:
The authors were trying to create a program to extract slice thickness information from AAPM CT performance phantom. The project is very simple and using tools that mostly already exist within Matlab. The method proposed within the manuscript by the authors was not novel, since much commercial software is available to conduct a similar task. Moreover, the manuscript only provides one evaluation out of many capabilities the AAPM CT performance phantom could deliver. The author could add more capabilities from the code that is being developed to improve the weight of the manuscript. On the other hand, the data and results within the manuscript were not sufficient to publish. To ensure the algorithm can evaluate the slice thickness properly, the authors have to test the proposed method on different image environments. Therefore, it is suggested for the author to revise the manuscript.
General responses:
Thank you for constructive comments. It is true that some software for automation of quality control on CT has been developed, but they are only for the ACR or Catphan phantom. To the best of our knowledge, there has never been software to automatically calculate slice thickness on the AAPM CT performance phantom. In addition, all available software is limited to phantoms at certain angles that are scanned with a specific marker, while the software that we offer is able to work at any angle of the phantom. To detect the phantom angle, we use the Hough Transformation on the segmented stair object. We have tried on four different phantom angles and the results show an accurate performance. We have only tried it at a certain slice thickness (i.e 5 mm) as a proof of concept. In this revised manuscript, we have added slice thicknesses of 5 mm and 10 mm from a different scanner (Fig 6, Table 3, and description in the revised manuscript). Please see revised manuscript.

Specific comments
1. Page 1, line 13: The introduction sufficiently describes the purpose of the manuscript. Despite the manuscript only focus only on a small section of the total works that could be accomplished using AAPM CT performance phantom. The AAPM CT performance phantom can do many things, the content of the manuscript is very light if the author concern only with one aspect of the phantom capability. Moreover, there is not any new method or approach proposed to determine the slice thickness.
Response: Thank you for the comments. It is true that we focus on slice thickness measurements, but to date there is no software to automatically calculate slice thickness on the AAPM CT performance phantom. In addition, all available software is limited to phantoms at certain angles that are scanned with a specific marker. While the software that we offer is able to work at any angle of the phantom using the Hough Transformation. This approach has not been previously proposed for detection of phantom angle. However, based on reviewer comments, and to enhance the manuscript quality, we have added material that describes the phantom capability and all methods to determine the slice thickness. Please see the revised manuscript, page 1, paragraphs 2 & 4.

2. Page 2, line 61-68: AAPM phantom has many tools to assess CT performance. Since this study only works on slice thickness measurement, this work is too simple to consider as a proper manuscript. Adding all AAPM CT performance phantom parameters in this manuscript would be useful for the medical physicist who will read this manuscript if accepted. Since many software has capabilities to evaluate all the AAPM CT Performance phantom.
Response: Thank you for the suggestions. we have added slice thicknesses of 5 mm and 10 mm from a different scanner (Fig 6, Table 3, and description in the revised manuscript).  We will automate the rest of the image quality parameters in the next study. For the current study, we focus on calculating the slice thickness only. The novel facility that we added is that this software can work with the phantom randomly located (rotated). This is different from existing software. In the revised manuscript, we add that automation of the calculation of other parameters will be carried out in future studies. Please see the end of Result and Discussion section of the revised manuscript: “The AAPM CT performance phantom contains various inserts to quantify the parameters of scanners such as CT number accuracy, CT numbers linearity, spatial resolution, low contrast detectability, slice thickness, and some others. An automation of parameters other than slice thickness will be conducted in the next studies.”


3. Page 2, line 71: some lack of data still exists, since the author only tests the proposed method only in a single scanner setting. The method has to be scrutinized to ensure it can function correctly.
Response: Thank you for your suggestion. We have tested in on different scanner. In addition to 5 mm slice thickness, we have tested on a different slice thickness of 10 mm. Please see the revised manuscript. 

4. Page 2, line 105, table 1: “Slice thickness 5mm”. Since the scan was performed on helical mode, the authors need to mention which scanning mode was used in this study to avoid confusion of the reader. Is this the thickness refer to reconstructed slice thickness or physical slice thickness set by the system which is set by selecting the size and number of active detector.
Response: Thank you for the suggestion. It is reconstructed slice thickness. We have added more information in the Table 1. Please see the revised manuscript, page 2, table 1.

5. Page 3, line 122: There are 3 stairs exist for slice thickness evaluation, what happened to stair #1 and #3, please clarify within the manuscript
[bookmark: _Hlk69417553]Response: As an initial study, we focused on the middle stair object (stair #2). Subsequently we have improved the algorithm to measure the slice thickness using all stair objects (#2 and #3). However, we stated the limitation of the current study using only the middle stair object. “We limited the methodology to using only the middle stair in the current study. Implementation of all the stair objects for slice thickness measurements will be interesting and will be conducted in the next study.” Please see the revised manuscript in Discussion section.

6. Page 4, line 168-169: How to ensure the rotation will not change the real pixel value? Since the alteration of pixel values will affect the image for evaluation.
Response: Thank you for the comments. The rotation process may change the pixel value. However, our results show that our 4-angle rotations do not change the results obtained. This is an indication that changes of pixel value (if any) are not significant. 


7. [bookmark: _Hlk69418596]Page 4, line 175-176: The slope profile is a slant to the left direction. How to assure that the 50% is the real FWHM of the profile. How to ensure the maximum point will be at the center of the profile since the maximum value might not be at the center of the profile? As a result, there will be given a bias of the real FWHM width.
Response: Thank you for these comments. For this preliminary study, we assume that the maximum value is considered as the reference and based on this reference, we then determine the middle value to determine FWHM. Of course, this does not guarantee that the maximum value is at the middle of the profile. To overcome this, using a Gaussian trend might yield better results. Due to the complexity of this, we will carry out a future study to deal with this issue. We have mentioned this issue as a limitation of the current study. Please see the Result and Discussion of the revised manuscript.

8. Page 5, line 192: Results and discussions section. Many aspects have to explore to confirm the proposed method is function as it should be. Lack of test, results the discussion not so convincing to claim the method provide an accurate result and some weaknesses in the method are still exist.
Response: We have added the limitations and lack of the test in the Result and Discussion section in the revised manuscript.

9. The authors need to emphasize why is it necessary to rotate the phantom, what is the purpose and what is the goal of rotating the phantom.
[bookmark: _Hlk69415217]Response: During scanning process, medical personnel usually place the AAPM phantom without paying attention to the position of the phantom from the rotation aspect. Medical personnel usually only focus on whether the phantom is correctly at the iso-center and its position is not tilted. This is certainly not a problem for manual calculation of slice thickness, because medical personnel are able to find the position of the stair object. But it will be a problem when calculating the slice thickness automatically. To solve this, we propose to firstly detect the angle of rotation of the phantom using the Hough transformation. After that, we rotate the phantom according to the result of the Hough transformation. Afterwards, we do the slice thickness calculation. With this method, the position of the phantom at any angle can be detected automatically. We have added this explanation in the revised manuscript (Method section).

10. Please note: there is a limit regarding slice thickness difference between measured with the setting. how to ensure the proposed method will not produce an error that pushes the result to exceed the tolerance limit.
Response: According to various references the acceptable error should be within 0.5 mm. Please see the revised manuscript.

11. Page 5, line 242: The slants always exist on all profiles, and the profile shape slanted in one direction. Considering the FWHM determination that the author used please explain within the manuscript. What is the cause of the slant? is possible to remove the slant? if not, please clarify within the manuscript. what is the effect of the slant for evaluation? how much is the uncertainty contributed to the final result? The slant issues have to resolve or evaluate. Since it has a direct impact on the result.
Response: The presence of slanting appears naturally in the slice thickness profile. The slanting of the profile cannot be removed. We believe that it has little effect on the final slice thickness. However, to get more accurate results it would be better to use a Gaussian fit. We will investigate this in a forthcoming study.

12. Page 6, line 256-260: using all the stairs will scrutinize the algorithm's ability to evaluate slice thickness, this could be done to improve the scientific and research content of the manuscript.
Response: Thank you for the constructive suggestion. After we submitted this manuscript, we improved the algorithm to measure the slice thickness using all stair objects and we have written the manuscript and submitted to another journal. Therefore, we cannot add the data on the current manuscript as suggested.

13. Page 6, line 261-265: testing the software on different image environments will tell the author the robustness of the proposed method. Testing the proposed method only on one environment will not give any warranty that it can evaluate other image environments. The result from this work is too premature to publish.
Response: We have added additional test on a different scanner. We consider that this is an initial study. Upcoming studies are underway to deal with the many issues on slice thickness measurements. Please see the revised manuscript.

14. Page 6, line 268: Conclusion sections, it is too early to make a statement regarding the accuracy of the proposed method. Since it had to scrutinize to ensure the method provides accurate and reliable results.
[bookmark: _Hlk69415974]Response: We have also added the statement: “Since this algorithm is tested on two slice thicknesses, the current study is considered as the initial study. It is necessary to test this algorithm on various slice thicknesses from less than 0.1 mm to more than 20 mm, because this range of slice thicknesses is commonly used in clinical practice.”
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