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Abstract: This paper deals with control of a DC motor using conventional and unconventional techniques namely the
exploitation of artificial neural networks, fuzzy logic controller and PID controller. After studying the performances
of the PID controller, the idea is to determine a partial fuzzy or partial neuronal PID controller. For the control of the
position of the DC motor, an hybrid controller combination of classic and unconventional method is proposed.

Keywords: DC motor, Control, Artificial Neural Networks, Fuzzy Controller, PID Controller, Neural model.

1. INTRODUCTION

In a few years, neural networks have become an important tool in many different fields of industry and services.
Using unconventional approaches, several models were proposed for the characterization of the DC machine.
These models are based on the concepts of the artificial neural networks, fuzzy logic, genetic algorithms [1-3].
Nevertheless, they have not reached a development even if they are used to build a model and to provide the
reactions of various static and dynamic systems [18-19]. This advanced technology also makes it possible to
produce the states of outputs of complex systems without having to provide the mathematical model which in
some cases seems impossible to provide.

Neural networks represent a family of nonlinear functions that can build a very large class of models
thanks to their learning ability and generalization [6-9].

During last years, a major interest is consecrated to fuzzy control of systems including industrial applications
[10]. Fuzzy logic control technique has been successfully applied in many engineering areas and consumer
products since the pioneer work of Mamdani in 1974 [11-12].

Many varieties of control schemes, such as proportional P, proportional integral (PI), proportional derivation
integral (PID), adaptive, Artificial Neural Networks (ANNs) and fuzzy logic controller (FLCs), have been
developed for position control of DC motors [15].
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The main idea of this paper is to combine conventional and non conventional control techniques for PID
design. This combination for example consists of a conventional control parameters derivate D, integral I and a
fuzzy proportional parameter P improving control performance to obtain (P*ID). In comparison with the existing
fuzzy PID controllers, the proposed fuzzy P*ID controller merge the advantages of fuzzy controller with the
conventional regulator. The fuzzy (P) term has an important role in improving an overshoot and accelerating
response time. The conventional integral (I) term reduces the steady-state error, and the conventional D which
can be realized in practice as shown in [16] is responsible for the stability. As it has only one additional parameter
to be adjusted according to the original PID controller, it is easy to be designed and the fuzzy P*ID controller
keeps the simple structure of the PID controller. It is not necessary to modify any hardware parts of the original
control system for implementation.

After the description of the DC machine in section II, the problem statement in section III, the proposed
hybrid controllers and applied is designed for the DC machine.

2. ELECTRIC MOTOR DESCRIPTION

A DC motor is an electromechanical device that converts electrical energy into mechanical energy input. The
electrical energy is supplied by a power converter which feeds the winding arranged on the rotor (armature) by
means of brushes and adapted collector, permanent or not, due to the stator. The current flows through the spires
of the motor armature, electric forces are applied there to and, thanks to the device brushes / collector, these
additional forces participate in the rotation of the motor. The armature voltage is considered as the input of motor
and the output is the rotational speed of the rotor [13] [5][28] [30]. The system based on the DC motor is
considered as a benchmark for the study and analysis of speed and position problems, figure 1.

In this way, the process is represented by the following mathematical system.

u(t) = e(t) + Ri(t) + L%
Cn()—c, () = fw(t) + j %
Cn(t) = ki (t)

e(t) = kw(t)
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Figure 1: Diagram of a DC motor
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kc and ke are the conversion constants u is the motor armature voltage. i is the armature current. e is the back
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Figure 2: Bloc diagram of a DC motor regulation (speed response)

electromotive-force voltage. o is the shaft speed, ¢, the mechanical couple and ¢, the resistant torque [4], [5].
Uen=2NU . =31, =22AJ=10"Kgn? L=0,63mH f =2,510°Nms
The system (1) could be represented in the block diagram, shown in the figure 2.
The transfer function of the motor is given by equation (2):

Q(s) _ Ke

H(S):U(s) T LIS+ (RI+LE)s+ R + KK, @)

3. PROBLEM STATEMENT

Conventional Proportional Integral Derivative (PID) type controller is most widely used in industry due to its
simple control structure, easy of design, and inexpensive cost. Due to parameters fluctuations, it is necessary to

use conventional robust controllers. Different robust control strategies are considered in the literature. The H |

control ensures stability and an acceptable level of performance for ordered systems despite uncertainties in
parameters and / or neglected dynamic process [25]. The internal model placed in parallel with selected process,
takes the difference between the measured output vector and the model output in feedback. The aim of controlling
by sliding mode is primarily to attract states of the system in a properly selected region and then designing a
control law always maintaining the system in this area. There are also non conventional robust control methods
such as fuzzy control which presents a relevant solution to provide the complex studied system desired dynamic
behavior. It uses the human operator expertise usually handling the process for building simple and efficient
systems control [11] [26] [27]. Neural network control attempts to emulate learning ability and retrieve knowledge
by the human brain [2] [16]. The main advantages of neural controller lie in the fact that it is not necessary to
perform a mathematical analysis of the process.

This paper deals with the influence of the choice of a partially fuzzified PID controller, where one parameter
of the original PID is fuzzified, or partially neuronal PID controller where one of the parameter of PID is replace
by a neural model, on the closed loop system performances.

3. HYBRID CONTROL OF THE DC MOTOR

To integrate a human expertise, a hybrid controller of the DC motor is developed. Conventional and non conventional
methods of controller are used. The response position of the DC machine is unstable and divergent, figure 3.
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Figure 3: The response position of the DC machine

3.1. Basic idea

To adapt the controller to the desired operating requirements, a combination of a classical control technique and
a non conventional technique is considered [22], [23] and [24]. In order to improve the performances of the
studied system, a classical ID controller and a proportional fuzzy controller are combined. The proposed controller
uses, for integral term, fuzzy logic strategy instead of conventional strategy, while the proportional and derivative
terms remain unchanged [24].

The PID controller is a conventional standard control process. This type of controller is characterized by a
control signal uderived from the signal error e as following

u=Ke(t)+ Kije(t)dt + K &(t) 3)

where K p 18 the proportional gain, K the integration gain and K the derivative gain, figure 4.

The determination of the controller parameters can be achieved by different approaches either linearization
with a choice of PID parameters according to desired performance and adapted to optimal or unoptimal dynamic,
or by pole placement or PIDtool command of Matlab [32].
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Figure 4: Control loop by conventional PID
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The proposed approach for the synthesis for such a fuzzy controller requires two steps. The first is to
determine the parameters of conventional PID controller defined in relation with desired performance for a
system characterized by its nominal parameters. It is envisaged in a second step, to introduce in series to the
integral term of the PID the fuzzy control module of figure 5 which allows conferring to the corrected studied
systems of figure 6.

v
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d e FLC —
—>

Figure 5 : Control module with Fuzzy Logic Controller (FLC)
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Figure 6: Control with P I* D

3.1. Control of the position of DC motor by conventional PID

PID control parameters used to impose the desired performance are K, =0.6, K; =0.6 and K; = 0.5 . They are

determined using the PID tool command of Matlab

The response of the DC machine is given by figure 7 and the control signal by figure 8. The position has a
response time of 5s and an overshoot of about 25.22 %.

3.2. Fuzzy logic Integral I'* plus conventional Proportional Derivative controller PD (P I*D)

The many possibilities of formulating membership functions and inference rules lead obviously to a great diversity
of these characteristics [17]. In this section, the formulation of the controller with two inputs, e and de, and one
output u is expanded.

In this study, the fuzzification of variables e, de and u is based on three sets distributed in the normalized
domain [-1,1]. The membership functions of the proposed controller are trapezoidal or triangular as shown in
Figure 9 [20].
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Figure 7: Evolution of the system output controlled by PID
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Figure 8: Evolution of the control signal for PID
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Figure 9: Membership function of the inputs e, de and the output u

In this study, for each variable three subsets are considered leading to the inference rules of Table 1. The
commonly used inference engine is the Max-Min method.

Table I
Rule table
e
de N Z P
N N N V4
V4 N V4 P
P V4 P P

Since the control actions are described in a fuzzy sense, a defuzzification method is required to transform
fuzzy control actions into a crisp output value of the fuzzy logic controller. For the incremental fuzzy logic
controller, a widely used defuzzification method is the centroid.

For the proposed controller, uses in series the integral term of the PID the fuzzy control module of figure
5, the response time is about 6.4s without an overshoot. The figures show that the position response of the
DC machine without a fuzzy controller is divergent. When adding a controller the position response
becomes a stable response. The response of the DC machine is given by figure 10 and the control signal by
figure 11.

For the proposed controller (PT* D), the response time is about 3s without an overshoot.

To test the robustness of the proposed controller relative to the external disturbance, a disturbance of a
lasted 1s is applied at time t = 15s. Figures 12 and 13 respectively represent the response of the DC machine and
the control signal of the proposed controller following a disturbance.

Comparing the results presented in Figure 12, the PID controller fuzzy integral action proposed is more
robust in terms of rejection of the disturbance over the conventional PID controller.
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Figure 10: Evolutions of the system outputs with PI* D and PID controllers
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Figure 11: Evolutions of the control signal with PI* D and PID controllers
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Figure 12: Evolutions of the output of the position of MCC with PI*D and PID controllers following
a disturbance applied to 15s

Control PI* D
------ Control PID L

80 1 1 1

60|

40

20F

Control
(@]
\f4
N
11

15 20 25 30 35
t(s)

Figure 13: Evolutions of control signal of the position of MCC with PI*D and PID controllers following a
disturbance applied at 15s
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3.3. Fuzzy logic Proportional P* plus conventional Integral Derivative controller ID (P* ID)

The proposed controller uses, for proportional term, fuzzy logic strategy instead of conventional strategy, while
the integral and derivative terms remain unchanged, Figure 14 [12]. The proposed controller is then applied to
DC machine to test its robustness. The responses of DC machine and control signal are respectively in Figures
15 and 16.
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Figure 14 : Control with P* ID
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Figure 15: Evolutions of the system outputs with P*ID and PID controllers
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Figure 16: Evolutions of the control signal with P*ID and PID controllers

The proposed controller has very good performance compared to the response time and overshoot. For the
controller (P*ID), the response time is about 9.23s and the overshoot of 50.4%, although at first the system is
divergent.

To test the robustness [29, 31] of the proposed controller relative to the external disturbance, a disturbance
of alasted 1s is applied at time t = 40s and a set point step from 90° to 180°. The PID controller fuzzy proportional
action proposed, figure 17 is more robust in terms of rejection of the disturbance and the set point step over the
conventional PID controller.

3.4. Fuzzy logic Integral I, conventional Proportional plus neural derivative controller (PI*Dn)

The use of the diverter block is not recommended in automatic. The idea in this part is to replace the derivative
block by a neural model. In order to improve the performances of the studied controller, a classical Proportional
controller, an Integral fuzzy controller and derivative neural are combined. The PID control by fuzzy integral
action and derivative neural action using a fuzzy logic controller associated with the integral term and the
derivative term is replaced by a neural model, while the proportional term is remained unchanged, Figure 18.

The response, Figure 19, of the position of the MCC and the control signal Figure 20, using the proposed
controller succeeded in achieving the desired output.

3.5. Fuzzy logic Proportional P*, conventional Integral plus neural derivative controller(P*IDn)

This fuzzy proportional and derived neuronal action is synthesized from the P* ID and only derivative action is
modelled exploiting neural networks, Figure 21.
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Figure 17: Evolutions of the output of the position of MCC with P*ID and PID controllers following a
disturbance applied to 15s and set point
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Figure 18: Control PID with fuzzy integral action and neural derivative action (PI*Dn)
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Figure 20: Evolutions of the control signal with PI* D, PID, P I* Dn controllers
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Figure 21: Control PID with fuzzy proportional action and neural derivative action (P*IDn)

Figures 22 and 23 present the response of the MCC controlled by proposed controller and the control
signal. The proposed controller (P* I Dn) has very good performance compared to the response time and overshoot.
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Figure 22: Evolution of the output of the MCC by PI* D, PID et P* I Dn
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Figure 23: Evolutions of the control signal with PI* D, PID, P* I Dn controllers
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For a comparative study of the four proposed controllers, the different values of the response time and the
overshoot are shown in Table II.

Table IT
Response times and ouvershoots according to diferent controllers
PID P*ID PI*D P*1Dn PI* Dn
Response time(s) 5 9.23 3 4.03 2.18
oveshoot (%) 25.22 50.4 X X X

The use of the proposed hybrid PID controller leads to a good control performance for the position of the
DC machine compared with the PID controller. Therefore the proposed controllers is more robust, this robustness
is tested by different mechanisms. For this different response time the PI*D and PI* Dn are faster than the P*ID,
P*IDn and PID. For the control of the position we use the PI*Dn because he have the response time 2.18s and
without overshoot, the overshoot is not recommended in control.

4. CONCLUSION

This paper deals with the synthesis of four hybrid PID controllers. For the first proposed controller (PI* D), the
term I of the conventional PID is replaced by an incremental fuzzy logic controller. As for the second controller
(P* ID), the term P of the conventional PID is replaced by an incremental fuzzy logic controller. The last
proposed controllers (PI* Dn ) and (P* IDn) replaces the derivative term by a neural model. Then a control law
using a hybrid controller was developed to stabilize the response position of the machine. These proposed results
show the efficiency of the neural model and the hybrid controller.

REFERENCES

[1] M. Benrejeb, A. El Abed-Abdelkrim et M. Sano, “Sur I’étude du processus d’écriture a la main. Approches classiques et
non conventionnelles,” e-STA Electronic Revue, 3 (1), 2006.

[2]  A. Abdelkrim. “Contribution a la modélisation du processus d’écriture a la main par approches relevant du calcul évolutif,”
Ph.D Thesis, ENIT. Tunis, 2005.

[3]1 A.Abdelkrim, M Benrejeb and M. Sano, “PAW handwriting neural system”. In Proceedings of the International Conference
on Communication, IEEE/IEE Conference on Computer and Power (ICCCP’01), pp. 207-211, Muscat, 2001.

[4] M. Hanmandlu, “An Al based Governing Technique for Automatic Control of small Hydro Power Plants,” IETE Journal of
Research, 53, 119-126, 2007.

[5]  A.Rhif, ’Stabilizing sliding mode control design and application for a DC motor: speed control”, International Journal of
Instrumentation and Control Systems, 2, 25-33, 2012.

[6] A. Turki, M. Chtourou and M. Djemel. “Neural approaches for modelling nonlinear systems,” 7th Internaltional Multi-
Conference on Systems, Signals and Device, June 27-30, Amman, 2010.

[7] FJ. Lin, H.J. Shieh, and P.H. Shen, “An adaptive recurrent neural network motion controller for X-Y Table in CNC
machine,” IEEE Transactions on Systems, Man, and Cybernetics-Part B: Cybernetics, 36 (2), 2006.

[8] G.Gupta,R.N. Yadav, K. Kalra Prem et J. John, “Modeling with recurrent neural networks using generalized mean neuron
model,” Neural Information Processing-Letters and Reviews, 8 (3), 49-56, 2005.

[9] L.E.B.daSilva, B.K. Bose and J.O.P. Pinto, “Recurrent-neural network-based implementation of a programmable cascaded
lowpass filter used in stator flux synthesis of vector-controlled induction motor drive”, IEEE Transactions on Industrial
Electronics, 46 (3), 662-665, 1999.

[10] M. Benrejeb, A. Sakly, K. Ben Othman and P. Borne, “Choice of conjunctive operator of TSK fuzzy systems and stability
domain study,” Mathematics and Computers in Simulation, 76, 410-421, 2008.

International Journal of Control Theory and Applications




Mohamed Amine BEN BRAHIM, Afef ABDELKRIM and Mohamed BENREJEB

[11] B.G. Hu, G.K.L. Mann and R.G. Gosine, “A systematic study of fuzzy PID controllers—Function-based evaluation
Approach,” IEEE, Transactions on Fuzzy Systems, Vol. 9, N. 5, October 2001.

[12] M.A. Ben Brahim, A. Abdelkrim and M. Benrejeb, “On the design of process fuzzy PID controller,” 2nd International
Conference on Control, Decision and Information Technologies (CoDIT’ 14), November 3-5, Metz, 2014.

[13] A. Sassi, C. Ghorbel, A. Abdelkrim, “Multiple model adaptive control complex systems,” Internaltional Conference on
Control, Engineering and Information Technology (CEIT’ 14), March 22-25, Sousse, 2014.

[14] A. Abdelkrim, M. Benrejeb, F. Bouslama, M. Sano, “Approches neurnales proposées pour I’étude du systeme d’écriture a
la main,” Journées Scientifiques Franco-Tunisiennes (JSFT’2000), October 25-26, 2000.

[15] 1. Bala Sateesh and G. Satish Inverse “Control of DC motor using artificial neural networks,” Discovery, 29 (107), 29-33,
2015.

[16] L.Kadir, G.P. Kamanathan and S.A. Billings, “Identification of nonlinear dynamical systems bu growing RBF networks,”
Proc. of 3rd. Cont. Conf., pp. 2408-2413, Rome, Septembre,1995

[17] P. Borne, “Introduction a la commande floue*, Technip Editions, Paris, 1998.

[18] X. AnithaMary; L. Sivakumar; J. Jayakumar, “Modelling and control of MIMO gasifier system during coal quality variations,”
International Journal on Modelling, Identification and Control, Vol. 23 No. 2, 2015.

[19] Xiaoyu Ge, Yong Xiao, Xiaoyan Wang, Zhe Zheng, “Modeling and Simulation of Temperature-induced Luminous Intensity
for Fiber-optic Photoelectric Sensors,” Proceedings of 2012 International Conference on Modelling, Identification and
Control, Wuhan, China, June 24-26, 2012.

[20] L. Zhang, Z. Han, W. Song, Y. Shang, and S. Xue, “Modeling and simulation on memory by complex network and
computer,” Wuhan, China, June 24-26, 2012.

[21] M. ChenandJ. Li,* Modeling and control of T-S fuzzy hyperbolic model for a class of nonlinear systems,” Wuhan, China,
June 24-26, 2012.

[22] M.A.Ben Brahim, A. Abdelkrim and M. Benrejeb, “Soft comuting approaches of modeling and control of a DC machine,”
7th International Conference on Modelling, Identification and Control (ICMIC’15), December 18-20, Sousse, 2015.

[23] W.Li, “Design of a Hybrid Fuzzy Logic Proportional Plus Conventional Integral-Derivative Controller”, IEEE, Transactions
on Fuzzy Systems, Vol. 6, N°4, November 1998.

[24] M.A. Ben Brahim, A. Abdelkrim, M.Benrejeb, “Régulation par PID a action intégrale floue de systems dynamiques
complexes”, Revue e-STA, 2015.

[25] J. Ackermann, Robust Control : Systems with Uncertain Physical Parameters, Springer, Verlag, Paris.
[26] P. Borne, “Introduction a la commande floue,”” Editions Technip, Paris, 1998.
[27] H. Biihler, “Réglage par logique floue,” Presses Polytechniques et Universitaires Romandes, Lausanne, 1994.

[28] A.Mohamadi Jahandizi, M. Hadad Zarid, “Intelligent Nonlinear Control of IPMSM using Belbic”, International Journal
of Control Theory and Applications, 7 (1), 21-34, 2014.

[29] N. Gireesh, G. Sreenivasulu, “Robustness of PI Controller for Different Fractional Values of an Integrator for a Conical
Tank Process”, International Journal of Control Theory and Applications, 8 (2), 817-830, 2015.

[30] A.Paraveen, J.E Muralidhar, “Analysis of Speed Control of Brushless Dc Motor’’, International Journal of Control Theory
and Applications, 8 (1), 59-70, 2015.

[31] K. Radha Rani, SK. Salma, A. Raghunath, K. Praveen Kumar, “Comparative study of speed control of 6/4 switched
reluctance motor using hybrid fuzzy logic controller’’, International Journal of Control Theory and Applications, 8 (1),
253-263, 2015.

[32] M.A. Ben Brahim, A. Abdelkrim and M. Benrejeb, “New hybrid PID controllers for a DC machine,” 4th International
Conference on Control Engineering Information Technology (CEIT’16), December 16-18, Hammamet, 2016.

[33] A.T. Azar and S. Vaidyanathan, Chaos Modeling and Control Systems Design, Springer, Berlin, Germany, 2015.

I International Journal of Control Theory and Applications m



[34]
[35]

(361
(371
(38]
(391

[40]

[41]

[42]

[43]

[44]

[45]

(46l

[47]

(48]

[49]

(50]

Fuzzy, Neural and Neuro-Fuzzy Hybrid PID Controllers for a DC Machine

A.T. Azar and S. Vaidyanathan, Advances in Chaos Theory and Intelligent Control, Springer, Berlin, Germany, 2016.

S. Vaidyanathan and C. Volos, Advances and Applications in Nonlinear Control Systems, Springer, Berlin, Germany,
2016.

S. Vaidyanathan and C. Volos, Advances and Applications in Chaotic Systems, Springer, Berlin, 2016.
S. Vaidyanathan and C. Volos, Advances in Memristors, Memristive Devices and Systems, Springer, Berlin, 2017.
S. Vaidyanathan and C. H. Lien, Applications of Sliding Mode Control in Science and Engineering, Springer, Berlin, 2017.

S. Vaidyanathan, “A novel 3-D conservative chaotic system with sinusoidal nonlinearity and its adaptive control”,
International Journal of Control Theory and Applications, 9 (1), 115-132, 2016.

S. Vaidyanathan and S. Pakiriswamy, “A five-term 3-D novel conservative chaotic system and its generalized projective
synchronization via adaptive control method”, International Journal of Control Theory and Applications, 9 (1), 61-78,
2016.

V.T. Pham, S. Jafari, C. Volos, A. Giakoumis, S. Vaidyanathan and T. Kapitaniak, “A chaotic system with equilibria
located on the rounded square loop and its circuit implementation,” IEEE Transactions on Circuits and Systems-II: Express
Briefs, 63 (9), 2016.

S. Vaidyanathan and S. Sampath, “Anti-synchronisation of identical chaotic systems via novel sliding control and its
application to a novel chaotic system,” International Journal of Modelling, Identification and Control, 27 (1), 3-13,2017.

S. Vaidyanathan, K. Madhavan and B.A. Idowu, “Backstepping control design for the adaptive stabilization and
synchronization of the Pandey jerk chaotic system with unknown parameters,” International Journal of Control Theory
and Applications, 9 (1), 299-319, 2016.

R.K. Goyal, S. Kaushal and S. Vaidyanathan, “Fuzzy AHP for control of data transmission by network selection in
heterogeneous wireless networks,” International Journal of Control Theory and Applications, 9 (1), 133-140, 2016.

C.K. Volos, D. Prousalis, LM. Kyprianidis, I. Stouboulos, S. Vaidyanathan and V.T. Pham, “Synchronization and anti-
synchronization of coupled Hindmarsh-Rose neuron models,” International Journal of Control Theory and Applications,
9 (1), 101-114, 2016.

S.M.B. Mansour and V. Sundarapandian, “Design and control with improved predictive algorithm for obstacles detection
for two wheeled mobile robot navigation,” International Journal of Control Theory and Applications, 9 (38), 37-54,2016.

A. Ouannas, A.T. Azar and S. Vaidyanathan, “A robust method for new fractional hybrid chaos synchronization,”
Mathematical Methods in the Applied Sciences, 40 (5), 1804-1812, 2017.

S. Vaidyanathan and S. Sampath, “Anti-synchronisation of identical chaotic systems via novel sliding control and its
application to a novel chaotic system,” International Journal of Modelling, Identification and Control, 27 (1), 3-13,2017.

A.Ouannas, A.T. Azar and S. Vaidyanathan, “New hybrid synchronisation schemes based on coexistence of various types
of synchronisation between master-slave hyperchaotic systems,” International Journal of Computer Applications in
Technology, 55 (2), 112-120, 2017.

S. Vaidyanathan, “A conservative hyperchaotic hyperjerk system based on memristive device,” Studies in Computational
Intelligence, 701, 393-423, 2017.

_ International Journal of Control Theory and Applications I





