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The authors truly appreciate the editor and the reviewers for the time they spent to examine and to give us a fruitful feedback. The revisions have been made along with editor’s and reviewers’ guidelines to improve the quality of the paper. The revisions are included in the revised version of the paper. In addition, please find below the detailed answers to the editor’s and reviewers’ comments.

Editor’s comments: The reviewers have commented on your above paper. They indicated that it is not acceptable for publication in its present form.

However, if you fell that you can suitably address the reviewers' comments (included below), I invite you to revise and resubmit your manuscript.

Please carefully address the issues raised in the comments.
Answer: thank you very much for your comments and recommendations. We have carefully revised the manuscript and addressed the reviewers’ comments, point by point. 
Reviewer #1: Minor revisions

The authors presented a hybrid prognostics approach to estimate remaining useful life of MEMS and validated its effectiveness with in-situ measurements. The paper is very well-organized and easy to read. However, the following minor issues should be addressed to be published in Microelectronics Reliability.

1. The authors need to trim down “Abstract” section. Instead, please emphasize the authors’ contributions in this paper. 

Answer: 

Thank you for this comment and we agree with your suggestion. It is true that the abstract section is long. 

Your suggestion is now included in the revised manuscript.

2. In the Introduction section, the authors need to more focus on this research (not their project). Please remove or revise sentences that are directly related to this research. Likewise, it will be helpful for readers if the authors provide qualitative literature reviews for MEMS prognostics to understand the trend of MEMS prognostics, what pros and cons of today’s MEMS prognostics are, and so forth. If possible, a brief explanation about the difference between the proposed hybrid approach and conventional MEMS prognostics approaches will be welcome. 

Answer: 

Thank you for this relevant comment. As suggested, we removed sentences that are related to the project in the introduction section. Indeed, there are very few research works dealing with prognostics of MEMS. However, there are several research works dealing with the estimation of the reliability of MEMS using statistical predictive reliability models, which is different from prognostics as explained in the paper. For that, we gave a brief literature reviews for MEMS and Prognostics in general and explained the advantage of implementing prognostics for MEMS instead of studying their predictive reliability.
In the revised manuscript: the sentences related to the project are removed and replaced by the literature review (state of the art section) to show the objective of this paper (please see Introduction section).

3. In the fourth paragraph, Section 2.2, page 6, please refer the following reference to properly describe prognostics approaches: model-based (also called physics-of-failure), data-driven, and hybrid (or fusion) prognostics approaches. 

M. Pecht, Prognostics and Health Management of Electronics, Wiley: New York, NY, 2009.

Answer: 
Thank you for the proposed reference. It is true that the prognostics approaches are well described in this book.
In the revised manuscript, the discussion about the prognostics approaches is reduced and moved to the introduction section. We cited the proposed reference to briefly describe prognostics approaches. Also, we cited the same reference in page 3, paragraph 1, for the interested readers who want to get more details.
4. In the 2nd paragraph, Section 2.3, page 8, the authors stated “Improving reliability of MEMS device has several advantages, such as increasing their lifetime and improving their performance.” I totally agree with “improving reliability of MEMS device can increase their lifetime”. But, I am a bit curious about how “improving reliability of MEMS can improve their performance”? 

Answer: 

Thank you for this relevant comment. In fact, we cannot improve the performance of MEMS by improving their reliability. The appropriate terminology to use in place of “performance” is “availability”
In the revised manuscript, we changed “improving their performance” by “improving their availability”. In the previous version, this sentence was in the state of the art section. In the revised version, it is moved to the introduction section (page 2 paragraph 2).
5. In the 2nd paragraph, Section 2.3, page 8, I would recommend the authors to cite the following reference for the definition of reliability. 

K. C. Kapur and M. Pecht, Reliability Engineering, Wiley: New York, NJ, 2014.

Answer: 

Thank you for this recommendation. We agree that it is better to cite a reference for the definition of reliability and we thank you for the reference that you recommended.

In the introduction section of the revised manuscript, the recommended reference is cited for the definition of reliability (page 2 paragraph 2).
Reviewer #2: Major revisions and re-reviewing 
Thank for your constructive comments, we really appreciate. We included the answers of the comments in the revised paper. You will find hereafter more details of our answers. 
1. The reference could be better used. Although the authors have provided a sufficient amount of references, they are used sequentially after some paragraphs, and the synthesis between them is not apparent. The sources could be used more analytically instead of describing other researchers work. The authors use frequently the descriptive statements (such as page 9 paragraph 2)
Answer:

Thank you for this relevant comment. We totally agree with you. 
In the revised manuscript, references are better used and commented.
2. There is too much information on the background of prognostics for a specific application paper. After a while, I felt like I was reading a tutorial.

Answer:

Thank you. It is true that the state of the art related to the prognostics is very long. 

In the revised manuscript, the state of the art part is reduced and moved to the introduction section. In the previous version of the paper, before the state of the art section, the introduction deals with the description the project. In the revised paper, the description of the project is removed and the state of the art part is reduced and moved in the introduction to show the importance of the prognostics instead of studying the predictive reliability (Introduction section, pages 1, 2 and 3).  

3. The particle Filtering method (p 12-16) that is described has been used by many papers before. I struggle to see what is their contribution or novelty. There are even some matlab codes published for this algorithm. Check these papers, they are very close methodologies, so I can't see the novelty, except perhaps the application to MEMS devices, but if this is the case the paper should be refocused on MEMS and not so much on prognostics. 

1- M. E. Orchard and G. J. Vachtsevanos, "A particle-filtering approach for on-line fault diagnosis and failure prognosis," Transactions of the Institute of Measurement and Control, 2009.
2- P. Wang and R. X. Gao, "Particle filtering-based system degradation prediction applied to jet engines."
3- B. Saha and K. Goebel, "Modeling li-ion battery capacity depletion in a particle filtering framework," in Proceedings of the annual conference of the prognostics and health management society, 2009, pp. 2909-2924.
4- N. Daroogheh, N. Meskin, and K. Khorasani, "Particle filtering for state and parameter estimation in gas turbine engine fault diagnostics," in American Control Conference (ACC), 2013. IEEE, 2013, pp. 4343- 4349.
5- D. An, J.-H. Choi, and N. H. Kim, "Prognostics 101: A tutorial for particle filter-based prognostics algorithm using matlab," Reliability Engineering & System Safety, vol. 115, pp. 161-169, 2013.

Answer:

Thank you for your relevant comment, we agree with this. It is true that the particle filtering method is well developed and described in many papers reported in the literature. However, to our knowledge, this tool is not yet used in failure prognostics of MEMS. In this paper, our purpose is to give a summary of the main steps of particle filtering, which allow to understand its implementation in our application and to easily reproduce the proposed approach. Indeed, we wanted to provide a self-contained paper that other researchers and engineers can reproduce. 
In the revised manuscript, the description of the particle filtering method is reduced and some of the references that you proposed are cited. Readers that need more details can refer to these references. Also, a paragraph is added in the beginning of the section to show why we describe the particle filtering method in our paper (pages 6, 7, 8 and 9).
4. Page 25 - The figures contain very few time series, Is it really possible make an accurate filtering?

Answer:

Thank you for this question. The response for your question is yes. Indeed, we used the robust local regression filter “rloess”. This filter uses the idea of window span. It divides the data in several windows with a defined span and computes the robust weight for each data point. Then, it allocates lower weights to the outliers. Based on the computed weights, the filter smooths the data. 

In the revised manuscript, the used filter is better explained (page 18 paragraph 2).
5. Eq 15 p26 - Reference it, similar formulas are used in many researches and more discussion is required

Answer:

Thank you for this comment. It is true that several degradation models are used in the literature. However, contrary to the literature, our degradation model is obtained experimentally by fitting the time evolution of the physical health indicator. We found that the double exponential model gives the best fit for all the tested MEMS valves. So, in this paper, we used it as the degradation model. 
6. There can be more analysis on predictions 

Answer:

Thank you for this relevant comment. We agree that the analysis on predictions is a little bit short.

In the revised manuscript, the “Prognostics modeling and results” section is divided in two parts: 1) Filter settings and 2) Prognostics results. In the first part, the settings of the particle filter are explained (initial distributions, number of particles). In the second part, the results of prognostics are more detailed and discussed (pages 20, 21, 22 and 23).
7. Page 22 - "By using Matlab system identification toolbox, the transfer function can be obtained and all the system parameters can be easily identified. " -  ??? So what?

Answer:

Thank you for this comment. It is true that it is important to add more explanation about why we identify the parameters of the transfer function. In fact, at each measurement we identify the parameters of the transfer function using the Matlab identification toolbox. Then, the time evolution of all identified parameters is used to select a physical health indicator, which allows tracking the degradation of the MEMS.

In the revised manuscript, we added a sentence to explain that (page 16, please see also page 13 paragraph 1). 
8. "Then, in the prediction stage, the prognostics tool propagates the state of the system and determines at what time the failure threshold (FT) is reached." -  How do they calculate the failure threshold, according to what?
Answer:

Thank for this relevant comment. In practice, the failure threshold for the prediction step can be defined experimentally or given by an expert. In our paper, it is set according to a desired performance that we defined. In the application section, the failure threshold is set as the point at which the health indicator value decreases by 60%. In this paper, the health indicator corresponds to the compliance of the MEMS. Of course, the value of 60% can change depending on the desired performance of the MEMS. In practice, other performance criteria can correspond to the stability, the rapidity, the precision...
In the revised manuscript, we added a sentence to explain that in our paper the failure threshold is set according to a desired performance, which corresponds to the compliance of the MEMS (page 5 item 4). 
Reviewer #3: Accept
The paper can be published essentially as is.
Answer:
Thank you. We appreciate your comment.
Finally, the authors thank the editor and the reviewers for providing so many constructive comments and suggestions for improving the quality of the paper.
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