Statements for the Referees’ Comments

Title: “An Experimental Study on Model Reference Adaptive Control with Fractional Order Adjustment Rules for DC Rotor Control”

Manuscript ID: 4539-9401-4-SM
Dear Editor and Reviewers,

Thank you very much for your timely response and comments to our paper. These comments are all valuable and helpful for us to revise the manuscript. All these comments have been carefully read and the corresponding corrections have been made for the paper. Followings are list of statements indicating how referees’ comments have been addressed in the revised version of our manuscript. The response and the main corrections in the revised paper are also marked by blue colour.

REVIEWER A:

1. The model reference approach is over 50 years old (Whitaker around 1960) and has become a standard part in textbooks on adaptive control maybe is the most common in literature. The idea of  using fractional order integrator to improve controller performance was proposed in 2002. The experimental system that is used for simulation is the one proposed by Tao et al. (2010). The original contribution set forth (and otherwise realized) was to use a piecewise linear near-zero dead zone function to manage adaptation process (probably inspired from Bernardo et al. idea to consider a control law composed of three different adaptive action). The intention to use the method in industrial control applications is mentioned only in conclusions, but without any customization.
Regarding to comment 1, we added the following explanation at the related part of conclusion section to give an example for industrial control application of proposed adaptive control structure.

"For instance, servomotor position control by PID controller needs the adaptation skill in long term because of ageing of mechanical and electrical parts. By using the proposed adaptive PID control structure, these kinds of conventional control systems can be transformed into an adaptive system in order to maintain control performance."
2. This work is elegant drawned, the calculations are rigorous and the examples are conclusive. It would be an excellent example for a tutorial on the MRAC issue. The bibliography is impressive, updated and usefully processed.
Thank you very much for your positive comments and supports for publication.

3. It is likely that the statement (from Conclusions): “we observed that it can be possible to find out fractional order integrators providing faster adaptation to the reference model” to be true, although it is not convincingly demonstrated. After all, the only thing that I can reproach is that you did not clearly demonstrated the advantages of the proposed method in comparison with others, at least for flight control. And perhaps you should pay more attention to some general considerations, which are not adjusted properly. I give only one example of this: You stated that: “Piecewise linear function were (sic!) used to implement an error dead zone around the zero” – but later you do not discuss if the controller can guarantee global asymptotic stability of the error system when it is itself a PWL system. I agree with the publication of the work, but I think it would be necessary an effort to give a touch of specificity - or even to be an intention for future research.

Thank you for agreeing with the publication. Regarding to comment 3, we added some lines to the conclusion section to mention some advantages of the proposed method in flight control as following,
"One of the advantages of the proposed adaptive control system, a PID control loop can be transformed into adaptive system only by adding FOAR-MRAC structure. This makes it applicable in flight control applications where a PID control loop has been already employed."
To verify stability of adaptive system, we have presented several numerical and experimental test results. We have shown contributions of the error dead zone to stability of system by presenting numerical and experimental results in paper. Fig. 16 (b) clearly shows stabilization of 
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, which is also an indication of stability of system responses. In the case of instability,  the error grows and accordingly  the parameters 
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 grow in time. 
REVIEWER B:
1. The theoretical results are not consistent.
We have verified theoretical results by numerical and experimental study. We observed that simulation and experimental results indicate the contribution of fractional order adaptive control structure.

REVIEWER C:
1. The paper proposes a Model Reference Adaptive Control using a fractional order adjustment rule. The topic is for interest for the journal readers. The paper is well structured. The reference list is appropriate, although basic definitions, like Oustaloup fractional order PID controller definition or Monje's ideas are missing.
Thank you for your positive comments. We consider some fundamental papers about fractional order controllers. Related works (Oustaloup (1991a, 1995, 1999), Podlubny (1999a-b), Chen (2004), Petras (1999, 2011), Valerio (2012), Monje (2004, 2010))were added both manuscript and reference list in the paper. 

2. The novelty of the paper is not clearly defined. The paper (except the experiments) is written as a presentation of state of art. Please rephrase the document having in mind this idea. Regarding the results, my concern is that a first order reference model is proper for an aerodynamically system (even if fractional order calculus is used)?
Reviewer is right about his/her concerns that a first order model may not be proper for dynamics of experimental system. In fact, if we do not use PID control, the conventional adaptive control with the 
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, using MIT rule, is not proper for aerodynamical system. However, PID controller in feedback control allows us to tune overall system dynamics for a first order reference model dynamics. Because, when the order of plant is much higher the reference model, a relevant PID controller can provide the reduction of system order and reduce dynamics mismatches between the reference model and  the control loop. This perspective, related with reduction model dynamic mismatches between plant and reference model, was already mentioned by J.V. Galvez et al,1990.
In order to clarify this point in the revised paper, we added the following lines to conclusion section.

" PID controller in feedback control can be used for approximation of dynamics of feedback control loop to lower order reference models and it can reduce dynamics mismatches between reference model and control loop to support adaptive control system."
Thank you.
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