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Compound controller which consists of CMAC network and PID network is mainly used in control system, especially in robot
control. It can realize nonlinear tracking control of the real-time dynamic trajectory and possesses good approximation effect.
According to the structure and principle of the compound controller, memristor is introduced to CMACnetwork to be a compound
controller in this paper. The new PID controller based on memristive CMAC network is built up by replacing the synapse in the
original controller bymemristors.The effect of curve approximation is obtained byMATLAB simulation experiments.This network
improves the response and learning speed of the system and processes better robustness and antidisturbance performance.

1. Introduction

The cerebellar model articulation controller (CMAC) neural
network is an adaptive learning network for the multidimen-
sional continuous system or regarded as a multidimensional
table look system for external functions. It is a kind of
adaptive learning network which is similar to the associative
memory network of perceptron and can approximate random
nonlinear dynamic model. In 1975, CMAC was proposed
by Albus as a controller model that can imitate cerebral
connections [1, 2]. The LMS algorithm was introduced into
the CMAC byMiller and Hewes and was successfully applied
in multi-degree-of-freedom robot joint control during inter-
vening years after 1998 [3–5]. At that time, the academic
researchers were suffering from finding an artificial neural
network model with good real-time performance. Although
the BP network has the capability of the excellent nonlinear
mapping, its convergence speed is too slow to meet the
real-time control requirement. Great attentions have been
paid to the CMAC for its good real-time and nonlinear
characteristics, rapid algorithmic computation, output super-
position, functional representation, fast learning speed, local
generalization capability, and easy hardware implementation
[6]. It is widely used in pattern recognition, signal processing,
and robot control. Many researchers devoted themselves to
the research of CMAC soon after. Lane et al. presented

the higher-order CMAC neural network that allowed the
multilayer CMAC network architectures to be constructed
[7]. Kim and Lewis proposed the optimal design of CMAC
neural network controller for robot manipulators, which had
good performance even in the presence of large modeling
uncertainties and external disturbances [8]. The adaptive
CMAC is used in the supervisory control for uncertain
nonlinear systems [9]. However, there were some defects in
the CMAC network, such as the low learning accuracy, the
poor approximation performance, and the slow convergence
speed. The development and applications of the CMAC
neural network are limited to some extent.

Memristor is a kind of nonlinear [10, 11] and nonvolatile
[12] circuit device which was proposed by Professor Chua in
1971 according to the completeness of the circuit theory [13]
and was realized by HP in 2008 [14]. Memristor can be used
as a tunable parameter in the control systems because it has a
natural advantage of replacing neural synapse [15, 16].

According to its definition and properties, memristor is
regarded as a nanoscale rheostat. In this paper, memristor is
used to replace the synapse of the CMAC network to con-
struct a new compound control of neural network. This new
control network has higher learning accuracy, smaller error,
better approximation performance, and faster convergence
speed.The feasibility of this theory is proved by the numerical
simulation.
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Figure 1: The structure diagram of self-tuning parameter PID controller based on CMAC.
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Figure 2: Square signal tracking curve of compound control.

2. Self-Tuning Parameter PID Controller
Based on CMAC

The PID controller based on CMAC can be described by the
structure diagram in Figure 1. Through the adaptive learning
of the CMAC network, the PID controller can implement
parameter self-tune and make the terminal output tending to
zero. As a result, the output of CMAC network tends to the
total output. It realized the on-line real-time control of the
whole nonlinear network.

PID is a feedback controller which can suppress system
disturbance and guarantee the stability of system. CMAC
is a feed-forward control which can guarantee the response
and control speed of system. CMAC network is a kind
of associative memory neural network which is similar to
perceptron and has local generalization capacity. Its input
signal can be encoded by the input layer. Its output layer can
accomplish address calculation and output map. As a result,
similar input produces similar output, and the network can
approximate arbitrary nonlinear relationships.

3. PID Controller Based on Memristive CMAC

PID controller based on memristive CMAC has the same
principle and structure as shown above. The CMAC parts
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Figure 3: Output signal of compound control.
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Figure 4: Output error curve of compound control.

utilize supervised learning rule to implement network feed-
forward control. PID controller implements feedback control
of network. We replace the synapse weight with memristor
and get the output of CMAC:

𝑢
𝑐
(𝑘) =

𝑐

∑

𝑖=1

Mem
𝑖
(𝑘) 𝑎
𝑖
(𝑖 = 1, 2, . . . , 𝑛) , (1)
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Figure 5: Tracking curve of PID controller based on memristive
CMAC.
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Figure 6: Error curve of PID controller based on CMAC.

where 𝑐 is the generalization parameter of network or the
number of associative units. The total output is equal to the
sum of CMAC output and PID output (𝑢(𝑘) = 𝑢

𝑝
(𝑘)+𝑢

𝑐
(𝑘)).

In order tomake the difference of the total output and CMAC
output tend to zero, the output 𝑢

𝑝
(𝑘) of PID control network

should tend to zero.
The control algorithm of PID controller based on mem-

ristive CMAC is as follows:

𝑢
𝑐
(𝑘) =

𝑚

∑

𝑖=1

Mem
𝑖
(𝑘) 𝑎
𝑖
,

𝑢 (𝑘) = 𝑢
𝑐
(𝑘) + 𝑢

𝑝
(𝑘) .

(2)

Map formula of CMAC network is as follows:

𝑎
𝑖
= {

1 𝑆
𝑖
∈ [V
𝑖
, V
𝑖+𝑚
] , 𝑖 = 𝑚 + 1,𝑚 + 2, . . . , 𝑚 + 𝑁,

0, others,
(3)

where input space 𝑆 of CMAC is divided into 𝑁 + 2𝑚
quantized intervals between [𝑆min, 𝑆max]. In this paper, 𝑁 is
the amount of the virtual storage space of CMAC (𝑁 = 100),
𝑚 is the generalization parameter of CMAC network, and 𝑎

𝑖

is the binary selection vector.
Firstly, control network makes the CMAC network get

into the local weight learning adjustment process by compar-
ing total output and CMAC output. Through learning and
adjusting weight repeatedly, finally the total output of the
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Figure 7: Amplified error curve.

system is equal to the CMAC output. The weight adjustment
formula of CMAC network is as follows:

Mem
𝑖
(𝑘 + 1) = Mem

𝑖
(𝑘) + 𝜀 ⋅

𝑢
𝑝
(𝑘)

𝑚

𝑎
𝑖

+ 𝛽 (Mem
𝑖
(𝑘) −Mem

𝑖
(𝑘 − 1)) ,

(4)

where 𝜀 is the learning efficiency 𝜀 ∈ (0, 1), 𝛽 is the
momentum factor 𝛽 ∈ (0, 1), and 𝜀𝑢

𝑝
(𝑘)𝑎
𝑖
/𝑚 is the weight

change ΔMem
𝑖
(𝑘).

In order to further prove that PID controller based on
memristive CMAC has the better control effect, MATLAB
simulation experiments are done as follows. We set the
learning efficiency of CMAC 𝜀 = 0.02, momentum factor 𝛽 =
0.03, generalization parameter 𝑚 = 5, initial values of PID
control parameters are 𝑘

𝑝
= 28, 𝑘

𝑖
= 0, 𝑘

𝑑
= 0.9, initial value

of PID controller error signal is zero, and the initial values
of three neurons of PID controller are zeros in the process of
simulation. Input square signal is 𝑥in = 0.5 sign(sin(4𝜋𝑘𝑇𝑠)),
transfer function of controlled object is 100/(𝑠2+5𝑠+10), and
sampling time is 0.001 s.TheMatlab simulation results of PID
controller based on memristive CMAC are shown in Figures
2, 3, and 4.

The experimental results show that the PID controller
plays an important role at the beginning; after a while, the
CMAC becomes the major control, and its control effect is
better than PID controller. The whole system has a small
output error and has the characteristics of robustness and
good real time. The main function of PID controller in the
network is to judge the performance of CMAC controller and
improve the stability and attenuate disturbance.

4. Comparative Study of Simulation Plots of
Memristive CMAC and CMAC

The same principle and algorithm as above are used in
simulations of PID controller based on memristive CMAC
and PID controller based on CMAC. The initial value and
sampling values of variables are constant. The input signal
(the blue curve) is step signal: 𝑥in(𝑘) = 1. The tracking curve
simulation plot (the green curve is the tracking curve of PID
controller based onmemristive CMAC, and the red one is the
tracking curve of PID controller based on CMAC) and error
curve simulation plot (the blue curve is the error curve of PID
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(c) Input signal: 𝑥in(𝑘) = −10/15𝜋 cos(3.95𝑘)
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(d) Input signal: 𝑥in(𝑘) = 10/35𝜋 cos(5.93𝑘)
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Figure 8: Signal identification plot of PID controller based on memristive CMAC.
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controller based onmemristive CMAC, and the red one is the
error curve of PID controller based on CMAC) are shown in
Figures 5, 6, and 7.

From above-amplified error curves, the error value of
the blue curve is less than the red ones. That is to say, error
value of PID controller based on memristive CMAC reduces
rapidly, so it has more rapid learning and weight-updating
speed. The less the system error is, the better the effect of
system input-output curve tracking is. PID controller based
on memristive CMAC not only meets the requirement of
input and output, but also has an adaptive and fast learning.
Meanwhile, the system response and the convergence speed
are both improved, and the system stability has better guar-
antees.

5. Application of PID Controller Based on
Memristive CMAC

In this paper, the simulation analysis of the PID controller
based on memristive CMAC for coil winder of dry-type
transformer is conducted. Deviation signal of coil winder
is a kind of nonlinear signal with multiple harmonic. It
is important for the response speed and control precision
in production process whether it can identify and detect
the signal rapidly and precisely or not. The experiment
parameters are set: sampling time is 0.001 s, time interval
between the maximum deviation signals is 6.36 s, and corre-
sponding frequency is 0.1573 s. Then the discrete formula of
the maximum deviation signal is as follows:

𝑥in (𝑘) = 2.5 cos (0.99𝑘) +
10 cos (1.97𝑘)
3𝜋

−

10 cos (3.95𝑘)
15𝜋

+

10 cos (5.93𝑘)
35𝜋

.

(5)

Weight updating formula of CMAC is as follows:

𝜔
𝑘+1
= 𝜔
𝑘
+ Δ𝜔 = 𝜔

𝑘
+ 𝑎(𝑥in +

𝑛

∑

𝑖=1

𝜔
𝑖
) , (6)

where𝜔
𝑘
is theweight at the 𝑘thmoment, and 𝑛 is the amount

of associative unit. The learning error formula is as follows:

error =
(𝑥in − ∑

4

𝑖=1
𝜔
𝑖
)

2

2

,
(7)

where a is the learning factor and its value range changes
generally from 0.02 to 0.1; 𝑥in is known as the teacher signal
(the input signal of system). Choosing different parameters,
the different input-output and error simulation plots can be
gotten (the green asterisk represents the learning result of the
output, and the blue curve is the input signal).

The input-output fitting curves are obtained from the
above simulation. The error exists only at the beginning of
a short time. The better signal identification effect is, the
faster detecting speed of PID controller based on memris-
tive CMAC is. It has the faster learning speed and higher
accuracy under the same experimental conditions than PID

controller based on CMAC. Meanwhile, because memristor
is a nanoscale element, the higher connection density can be
realized by VLSI circuit, and the higher precision learning of
multidimension function can be expected (see Figure 8).

6. Conclusions

This paper presents an effective method to construct a new
PID controller based on memristive CMAC. It is composed
of the memristor, CMAC network, and PID controller.
From the experimental results, the new network has smaller
error, faster convergence speed and learning speed, higher
approximation accuracy, and stronger local generalization
capability. Under the complicated, changeable, and disturbed
conditions, on-line real-time control of the control system
can be realized. Meanwhile, the nanoscale memristor is
used as a neural synapse which can significantly increase
the number of neuron connections in neural network and
improve its connection density. It makes it possible that the
VLSI circuits of neural networkswithmemristive synapse can
be implemented finally.

Acknowledgments

The work was supported by the National Natural Sci-
ence Foundation of China under Grant nos. 60972155
and 61101233, the Fundamental Research Funds for the
Central Universities under Grant nos. XDJK2012A007 and
XDJK2013B011, the University Excellent Talents Support-
ing Foundations of Chongqing under Grant no. 2011-65,
the University Key Teacher Supporting Foundations of
Chongqing under Grant no. 2011-65, Scientific and Tech-
nological Activities Preferential Funding for Study Abroad
Person under Grant no. 2012-186, the National Science
Foundation for Postdoctoral Scientists of China under Grant
no. CPSF20100470116, and “Spring Sunshine Plan” Research
Project of Ministry of Education of China under Grant no.
z2011148.

References

[1] J. S. Albus, “A new approach to manipulator control: the
cerebellar model articulation controller (CMAC),” Journal of
Dynamic Systems,Measurement and Control, Transactions of the
ASME, vol. 97, no. 3, pp. 220–227, 1975.

[2] J. S. Albus, “Mechanisms of planning and problem solving in
the brain,” Mathematical Biosciences, vol. 45, no. 3-4, pp. 247–
293, 1979.

[3] W. T. Miller and R. P. Hewes, “Real time experiments in
neural network based learning control during high speed
nonrepetitive robotic operations,” in Proceedings of the Third
IEEE International Symposium on Intelligent Control, pp. 513–
518, August 1988.

[4] W. T. Miller, R. P. Hewes, F. H. Glanz, and L. G. Kraft, “Real-
time dynamic control of an industrial manipulator using a
neural-network-based learning controller,” IEEE Transactions
on Robotics and Automation, vol. 6, no. 1, pp. 1–9, 1990.

[5] W. T. Miller, “Real-time application of neural networks for
sensor-based control of robots with vision,” IEEE Transactions



6 Abstract and Applied Analysis

on Systems, Man and Cybernetics, vol. 19, no. 4, pp. 825–831,
1989.

[6] W. T. Miller, L. G. Kraft, and F. H. Glanz, “An overview of the
CMAC neural network,” IEEE Conference on Neural Network
For Ocean Engineering, vol. 19, no. 4, pp. 301–308, 1991.

[7] S. H. Lane, D. A. Handelman, and J. J. Gelfand, “Theory and
development of higher-order CMAC neural networks,” IEEE
Control Systems Magazine, vol. 12, no. 2, pp. 23–30, 1992.

[8] Y. H. Kim and F. L. Lewis, “Optimal design of CMAC neural-
network controller for robot manipulators,” IEEE Transactions
on Systems,Man and Cybernetics Part C, vol. 30, no. 1, pp. 22–31,
2000.

[9] C. M. Lin and Y. F. Peng, “Adaptive CMAC-based supervisory
control for uncertain nonlinear systems,” IEEE Transactions on
Systems, Man, and Cybernetics B, vol. 34, no. 2, pp. 1248–1260,
2004.

[10] L. O. Chua, “Nonlinear circuit foundations for nanodevices,
Part I: the four-element torus,” Proceedings of the IEEE, vol. 91,
no. 11, pp. 1830–1859, 2003.

[11] L. O. Chua, “Device modeling via nonlinear circuit elements,”
IEEE Transactions on Circuits and Systems, vol. 27, no. 11, pp.
1014–1044, 1980.

[12] Y.Ho, G.M.Huang, and P. Li, “Nonvolatilememristormemory:
device characteristics and design implications,” in Proceedings
of the Computer-Aided Design—Digest of Technical Papers,
IEEE/ACM International Conference on (ICCAD ’09), pp. 485–
490, November 2009.

[13] L. O. Chua, “Memristor-the missing circuit element,” IEEE
Transaction on Circuit Theory, vol. 18, no. 5, pp. 507–519, 1971.

[14] D. B. Strukov, G. S. Snider, D. R. Stewart, and R. S. Williams,
“The missing memristor found,” Nature, vol. 453, no. 7191, pp.
80–83, 2008.

[15] L. D. Wang, E. M. Drakakis, S. K. Duan, P. F. He, and X. F. Liao,
“Memristor model and its application for Chaos generation,”
International Journal of Bifurcation and Chaos, vol. 22, no. 8, 14
pages, 2012.

[16] L. D. Wang and S. K. Duan, “A chaotic attractor in delayed
memristive system,” Abstract and Applied Analysis, vol. 2012,
Article ID 726927, 8 pages, 2012.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Problems 
in Engineering

Hindawi Publishing Corporation
http://www.hindawi.com

Differential Equations
International Journal of

Volume 2014

Applied Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Probability and Statistics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Optimization
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Combinatorics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Operations Research
Advances in

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Function Spaces

Abstract and 
Applied Analysis
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Algebra

Discrete Dynamics in 
Nature and Society

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Decision Sciences
Advances in

Discrete Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014 Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Stochastic Analysis
International Journal of


