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Dear Editor,
Thanks for reviewer's comments and suggestions on the need error correction of my manuscript. Thanks for reviewer’s comments and suggestions. Author has modified the manuscript according to reviewer’s comments. Then corrections in detail are listed below point by point:
Reviewers Comments:

	

	


Reviewer A:

Anonymous comments for transmission to the AUTHOR(S):: 

The paper presents the design, implementation and experimental tests for an adaptive recurrent Chebyshev NN control system that regulates the dynamics of a PMSM servo-drive electric scooter. The exposition style ensures a comfortable reading. The design method is clearly presented, relevant information is given about the controlled plant, and the experimental results confirm the advantages of the proposed control structure. The comparison with the PI control deserves a special mention for its illustrative role.
 (1) Some more details about the implementation of the control algorithm on TMS320C32 would be extremely helpful for practitioners interested in applying / reproducing the control scheme devised by the author. If the author considers that such information represents a technical know-how he wants to protect, the author is still recommended to offer a brief explanation in this sense.
(2) For the step responses (speed tracking responses) I suggest graphic plots using a shorter time. The complete transient state and just the beginning of the steady state are really important.
(3) Some minor typos must be corrected. Just an example: “The control algorithm was executed by a TMS320C32 DSP control system includes 4-channels of D/A, 8- channels programmable PWM and encoder interface circuits.” 
(4) In my version of MS Word, some problems occur with the numbers of some equations, e.g (1), (3).

Reply to Reviewer A:
Thank you very much for Reviewer’s suggestion. Reply to Reviewer’s opinion as following:

(1). Thank you very much for Reviewer’s suggestion. Some more details about the implementation of the control algorithm on TMS320C32 have been added into the program flowchart shown in Fig. 4 of the revise manuscript, and the implementation of program flowchart shown in Fig. 4 has been explained in red texts of the revised manuscript. The red texts of the revised manuscript are as follows:

The control algorithm was executed by a TMS320C32 DSP control system including 4 channels of D/A converter, 8 channels of programmable PWM and an encoder interface circuit. The methodologies proposed for the real-time control implementation in the DSP control system are composed of the main program and the interrupt service routine (ISR) as shown in Fig. 4. In the main program, parameters and input/output (I/O) initialization are processed first. Then, the interrupt interval for the ISR is set. After enabling the interrupt, the main program is used to monitor control data. The ISR with 2 ms sampling interval is used for reading the rotor position of the PMSM servo-driven electric scooter from encoder circuit and three-phase currents from A/D converter, calculating rotor position and speed, executing lookup table and coordinate translation, executing PID current control, executing the adaptive recurrent Chebyshev NN control system, and outputting three-phase current commands via D/A converter to sinusoidal PWM circuit for switching 3 sets of IGBT power modules inverter through interlock and isolated circuits. The voltage source inverter with 3 sets of IGBT power modules is executed by current-controlled sinusoidal PWM circuit with a switching frequency of 15 kHz by using triangular carrier wave.
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Fig.  4. Flowchart of the executing program by using the DSP control system.
(2). Thank you very much for Reviewer’s suggestion. The zoom speed errors at three test cases have been added into the experimental results section of the revised manuscript in order to be able to clearly show speed error and error convergence.
(3). Thank you very much for Reviewer’s suggestion. Author has modified to update correction in the revised manuscript. The revised parts are as follows:

The control algorithm was executed by a TMS320C32 DSP control system including 4 channels of D/A converter, 8 channels of programmable PWM and an encoder interface circuit.
(4). Thank you very much for Reviewer’s suggestion. Author has modified to update correction in the revised manuscript.
Thanks for reviewer’s advices. Author has modified to update correct in the revised manuscript. Thanks for reviewer’s important suggestion. 

The manuscript has been resubmitted to your journal. We look forward to your positive response.

Sincerely,
Dr. Chih-Hong, Lin
Dept. of Electrical Engineering

National United University
Miao Li 360, Taiwan

Republic of China

Tel: 886-37-381349

Fax: 886-37-327887

E-mail: jhlin@nuu.edu.tw

	Reviewer B:

Advanced control of PMSM, including with recurrent neural networks, is a topic discussed in the literature in recent years. Along with the works cited by the author/authors in the References, I note two other articles about the control of PMSM for electric scooter, using recurrent neural networks. These are: 1) Chih-Hong Lin and Chih-Peng Lin Hybrid Modified Elman NN Controller Design on Permanent Magnet Synchronous Motor Driven Electric Scooter Transactions of the Canadian Society for Mechanical Engineering, Vol. 37, No. 4, 2013, and 2) Chih-Hong LIN A novel hybrid recurrent wavelet neural network control of permanent magnet synchronous motor drive for electric scooter, Turk J Elec Eng & Comp Sci, 2013. These works have been mentioned here because the experimental results seem to be identical to those in proposed article. It is obvious that the author/authors are the same and they used the same power circuit for PMSM. Its control differs in the proposed paper. Unlike those two mentioned articles, here an Adaptive Recurrent Chebyshev Neural Network is used, but the control structure is similar, consisting of a recurrent neural network controller and a compensation controller, called here "Remunerated Controller". The main comments and objections regarding the paper are the following:  

1. 
The paper contains errors and ambiguities. Among these I mention: * 

a. Eq. (5) is 
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 is valid in hypothesis that the dynamics of the 

current loop is ideal. 

b. After Eq. (6) 
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c. Eq. (8) is wrong. Correctly: 
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d. Equation (8) must be explained logically: if the dynamic error is imposed by Eq. (9) and take into account Eqs (6) and (7), then ideal control is of the form (8).
e. Eq. (12) is unclear. In Fig. 3, i=1, 2; j=0, 1, 2; k=1. In these conditions, the equation 
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, because NN controller has only one output. 

f. In Fig. 3 must be filled: 
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 to the hidden layer outputs; 
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g. 
After Eq. (13): “Chebyshev polynomials  … are selected for activation function of the hidden layer”. Therefore, yj fj (nod j ) Cj(nod j ), j 0,1,2 
(13) 

h. How to choose the number of "nodes" (neurons) in the hidden layer? Why not have been used 4, 5, ... neurons in this layer ? 

i. I consider that Section 3.2 Remunerated Control Law with Estimation must be rewritten, so that: 

to be more clearly the role and generation of Remunerated Control. According Eqs 

(21) and (22) it follows that this control becomes constant only when ec 0, so it acts like an integral component. On the other hand, the mentioned equations show that 
is a non-decreasing variable. At the operation regime of PMSM 
servo-drive electric scooter system, will permanently increase, which will make practically impossible to achieve the control.  This situation raises questions about the validity of the system and experimental results; 
the constants must be specified after Eq. (18) (not later). Still here must be explained who is m, used in equation ; 

j.  Eq. (29) is wrong. On the left is a scalar and a vector in the right side. 

k. 
Is not explained who is Tj (.) in Eq. (32). Seems to be the derivative of Chebyshev polynomials. 

l.  A comparative assessment of experimental results from this work with those published in two articles mentioned at the beginning of the review, is necessary (with Modified Elman NN and with recurrent wavelet NN). From a practical standpoint, what is new in control structure proposed in the paper ? 

m. 
The time constant of the "Reference Model" ( Fig. 1) is dependent of input amplitude ? Why not use the same "Reference Model" for variations of 125.6 and 251.2 rad / s, applied to the input? 

2. The wording of the article must be improved, i.e.: 
a. 
The entire article should be reviewed: 

.English should be improved; 

.after Eq. (11) “….to conquer the mentioned blemish ” what blemish ? 

.after Eq. (19): “…can be designed as follow as” etc 

b. 
What is the justification for using the denomination “Remunerated Control” ? In the articles mentioned at the beginning of the review was used the denomination „Compensated Controller”. 

c. 
Presentation of Figs. 4-17 must be made more concise, without repeating the same type of sentence for each figure.

	


Reply to REVIEWER B:

Thank you very much for Reviewer’s suggestion. Reply to Reviewer’s opinion as following:

1. Thank you very much for Reviewer’s suggestion.
a. Author has modified in red texts and block equation in the revised manuscript. The revised parts are as follows:

The PMSM servo-drive system with the implementation of field-oriented control can be reduced as   
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b.  Author has modified in red texts in the revised manuscript. The revised parts are as follows:

When the uncertainties including variation of system parameters and external force disturbance occur, the parameters are assumed to be bounded, i.e., 
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c. Author has modified in red texts and block equation in the revised manuscript. The revised parts are as follows:
If all parameters of the PMSM servo-drive system including external load disturbance are well known, the ideal control law can be designed as
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d. Author has modified and added into in the revised manuscript in red texts. The revised parts are as follows:
If all parameters of the PMSM servo-drive system including external load disturbance are well known, the ideal control law can be designed as
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in which 
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 is a constant. Replacing (8) of (6), the error dynamic equation can be obtained 
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If the dynamic error is imposed by (9) and take into account (6) and (7), then ideal control is of the form (8).
e. Author has modified in red texts and block equation in the revised manuscript. The revised parts are as follows:
Then outputs signals are the results of product. The input and the output for each node i in this layer are expressed as
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f. Author has modified and added into in the revised manuscript in Fig 3. The revised parts are as follows:
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Fig. 3. Structure of the three-layer recurrent Chebyshev NN.
g. Author has modified in red texts and block equation in the revised manuscript. The revised parts are as follows:
The net input and the net output for node jth of the hidden layer are expressed as
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Chebyshev polynomials  (Namatame and Ueda, 1992; Lee and Jeng, 1998) are selected for activation function of the hidden layer. The first few Chebyshev polynomials are given by
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.  The higher order Chebyshev polynomials may be generated by the recursive formula given by 
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h. Generally speaking, the number of "nodes" (neurons) in the hidden layer is the 1.5 times of the number of the “node” (neurons) in the input layer to do the best for training network at least. In order to speedup convergence and reduce computational complexity, the hidden layer adopted 3 neurons in this paper.
i. Author has rewritten in red texts in the revised manuscript. The revised parts are as follows:
3.2 Compensated Control with Estimation Law
Secondly, in order to evolve the remunerated control 
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in which 
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 , and meanwhile compensate the lumped nonlinear external disturbances and the variation of parameters uncertainty. Furthermore, the adaption law is also developed to on-line tuning parameters of the recurrent Chebyshev NN. Hence, the error dynamic equation by means of (11) can be rewritten as
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Then, the Lyapunov function is selected as
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in which 
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 is a learning rate of connective weight; 
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 is an adaptation gain. Differentiating the Lyapunov function with respect to t and using (17), then (18) can be rewritten as
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In order to 
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In order to avoid chattering phenomenon of sliding mode, the sign function
[image: image62.wmf])

sgn(

c

a

e

B

 can be replaced by the equation 
[image: image63.wmf])

/(

r

+

c

a

c

a

e

B

e

B

, where  
[image: image64.wmf]e

e

r

r

³

<

î

í

ì

=

c

a

c

a

e

B

e

B

,

0

,

0

,  
[image: image65.wmf]0

r

 and 
[image: image66.wmf]e

 are positive constants. Substituting (20) into (19), then (19) can be represented as
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Substituting (21) and (22) into (23), then (23) can be obtained as 
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From (24), the
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Integrating (25) with respect to t , then 
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Owing to 
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Differentiating (25) with respect to t gives

[image: image82.wmf]c

c

e

e

k

t

&

&

1

2

)

(

=

f

                                                                  (28)

Owing to all the variables in the right side of (17) are bounded. It implies that 
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 is also bounded. Then, 
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 is a uniformly continuous function (Astrom and Wittenmark, 1995; Slotine and Li, 1991). It is denoted that 
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 by using Barbalat’s lemma (Astrom and Wittenmark, 1995; Slotine and Li, 1991), i.e.,  
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. Therefore, the adaptive recurrent Chebyshev NN control system is asymptotically stable. Moreover, the tracking error 
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j. Author has modified in red texts and block equation in the revised manuscript. The revised parts are as follows:
The parameters of adaptation law 
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 can be computed by the gradient descent method and the chain rule. First, the adaptation law 
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 shown in (20) can be rewritten as
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k. Author has modified in red texts and block equation in the revised manuscript. The revised parts are as follows:
The adaptation law of recurrent weight 
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 using the gradient descent method can be updated as 
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in which  
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 is an adaptation gain.

l. Author has modified and explained in red texts in the section I of revised manuscript. The revised parts are as follows:
Owing to real plants with highly nonlinear dynamics, e.g., electric scooter (Lin et al, 2010; Lin and Lin, 2012, 2013; Lin, 2014) PMSM servo-drive electric scooter controlled by an adaptive recurrent Chebyshev NN control system is developed to enhance control performance in the convergent speed of the network and reduce computational complexity in this paper. In  (Lin and Lin, 2012), the experimental results of control performance in the hybrid RFNN control system using rotor flux estimator were only implemented at two cases, i.e., 1200 rpm and 2400 rpm cases without adding and shedding load. In  (Lin, 2014), the comparative studies of control performances for the hybrid RFNN control system and the hybrid RWNN control system using rotor flux estimator were implemented at two cases, i.e., 1200 rpm case and 2400 rpm case. The speed and current tracking responses of the hybrid RWNN control system using rotor flux estimator have better performances than the hybrid RFNN control system from experimental results.  Furthermore, the hybrid modified Elman NN control system was proposed by (Lin, 2013), in order to enhance nonlinear approximation capacity of RNN. In (Lin, 2013), the comparative studies of control performances for the PI control system and the hybrid modified Elman NN control system were implemented at three cases, at four cases, i.e., 1200 rpm case, 2400 rpm case, under external load torque 2 Nm and with adding load and shedding load at 2400 rpm case under external load torque 4 Nm and with adding load and shedding load at 2400 rpm are shown in experimental results. The tracking responses of speed and current of the hybrid modified Elman NN control system have better performances than the PI control system from experimental results. However, the used recurrent NNs have the more complex network structures and activation functions in middle layer, i.e. Gaussian wavelet function and sigmoid function. Thus, in the above control methods have the slower convergence speed and higher computation complexity. In order to speedup convergence and reduce computation complexity, the adaptive recurrent Chebyshev NN control system with simpler network structure and activation function is developed for controlling the PMSM servo-drive electric scooter in this paper.
m. The “Reference model” dependent on the whole system including the PMSM and electric scooter. Thus the “Reference model” has the larger time constant. Meanwhile, in order to reduce sudden affect of control effort and avoid hardware destruction at the beginning, the “Reference model” adopted the different time constant at the 125.6 rad/s and 251.2 rad/s cases due to different external friction force and inertia variation.   
2. Thanks for reviewer’s advices. Author has modified to update correct in the revised manuscript.
a. Author has modified and explained in red texts in the revised manuscript. The revised parts are as follows: “Remunerated Control
·  Author has modified the manuscript according to reviewer’s comments.
·  The recurrent Chebyshev NN control and compensated control can be devised to conquer the mentioned drawback.
· In order to 
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 with estimation law can be designed as follows
b. Author has modified the “remunerated control” as “compensated control” in red texts in the revised manuscript.
c. Author has modified in Fig. 5-18 (original Fig. 4-17) in red texts in the revised manuscript. 

Thanks for reviewer’s advices. Author has modified to update correct in the revised manuscript. Thanks for reviewer’s important suggestion. 

The manuscript has been resubmitted to your journal. We look forward to your positive response.
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