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Article

Speed control of DC-DC converter
fed DC motor using robust adaptive
intelligent controller

Raghupathy Prakash1 and R Vasanthi2

Abstract

DC motors have been extensively used in many industrial applications. The control of the speed of a DC motor is

therefore an important issue and has been studied since the early decades of the last century. This paper presents a novel

neural network (NN)-based model reference adaptive control (MRAC) to improve the trajectory tracking performance

of a DC motor. In this scheme, the controller is designed using a parallel combination of the conventional MRAC scheme

and an NN controller. The controller is used to change the duty cycle of the converter and, thereby, the voltage fed to

the armature of the separately excited motor to regulate the speed. The operating characteristics of the proposed drive

system are compared with MRAC control to verify the effectiveness under various conditions by investigating the

transient responses for the step change of the speed command and the load torque. Finally, simulated and experimental

results show that on the one hand the proposed controller provides high-performance dynamic characteristics, and on

the other hand that this scheme is robust with respect to load disturbances.

Keywords

DC-DC converter, DC motor, model reference adaptive control, neural network

1. Introduction

DC motors used in many applications such as steel
rolling mills, electric trains, electric vehicles, electric
cranes and robotic manipulators require speed control-
lers to perform their tasks. The most flexible control is
obtained by means of separately excited DC motors in
which the armature and field circuits are provided with
separate sources. For the armature source a controlled
rectifier or chopper is required (Dewan et al., 1984).

The armature voltage control method is used to vary
the speed up to the rated speed and the motor operates
in the constant torque region (Moleykutty et al., 2010).
Conventional controllers such as proportional-integral
(PI) and proportional-integral-derivative (PID) con-
trollers have been applied to control the speed of DC
motors. The disadvantages of using conventional con-
trollers are that they are sensitive to variation in the
motor parameters and load disturbance. In addition,
it is difficult to tune PI or PID gains to eliminate and
reduce the overshoot and load disturbance. In order to
avoid the shortcomings of conventional controllers,
researchers have applied adaptive control techniques

for DC motor speed control to achieve parameter
insensitivity and a fast speed response (Elkeshet, 2009).

Recently, the superior performance of artificial intel-
ligence (AI)-based controllers has encouraged power
system and power electronic engineers to replace con-
ventional speed control circuit with intelligent speed
controllers (Luiz et al., 1995; Janardan et al., 1996;
Rovithakis and Christodoulou, 1996; Minkova et al.,
1998; Jui-Hong, 1999; Kukolj et al., 2000; Hussein
et al., 2004).

At present, most of the existing industrial speed con-
trollers for DC motor drives are largely based on
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classical approaches which do not guarantee satisfac-
tory performance against machine parameter vari-
ations. Hence there is the need for adaptive control
and for model reference adaptive control (MRAC).
MRAC is a class of adaptive controls and belongs to
the modem control theory. In the model reference
adaptive system, a reference model specifies the desired
control performance and a control input is generated to
drive the controlled system to track the response of the
reference model (Astrom and Wittenmark, 1995;
Ioannou and Jing, 1996).

A common actuator in control systems is a DC
motor and is an obvious choice for implementation of
advanced control algorithms in electric drives, due to
the stable and linear characteristics associated with it.
This makes a DC motor controllable over a wide range
of speeds by proper adjustments of its terminal voltage.
It is also ideally suited for tracking control applications
(El-Sharakawi and Huang, 1989; Weerasooriya and
El-Sharkawi, 1989). From a control system point of
view, the DC motor can be considered as a single
input single output (SISO) system, eliminating the com-
plexity associated with multi-input drive systems. The
driven load often needs to be run at a speed that varies
according to the specific application for which it is
being used. The speed in some cases (such as fluctuating
loads in the case of rolling mills) may need to change
dynamically to suit the conditions, whereas in some
other cases may alter with a change in (load) operating
conditions. In real-time control, provision is made to
consider the controller parameters as time variant and
is subject to drift depending on the operating condi-
tions. In an adaptive control strategy, the controller
parameters are updated at regular intervals of time to
satisfy the design requirements, unlike the conventional
controllers. Apart from various conventional control
strategies, adaptive control has proved its potential
application in tracking/trajectory control problems.
Weerasooriya and El-Sharkawi (1989) developed a
modified adaptive controller based on minimum vari-
ance a self-tuning strategy. This scheme is effective even
in the presence of external disturbances, provided that
the system exhibits minimum phase characteristics.
El-Sharakawi and Huang (1989) and El-Sharkawi and
Weerasooriya (1990) discussed the variable structure –
tracking, and a self-tuning controller is developed for
high performance DC motor applications. El-Sharkawi
and Weerasooriya (1991) and Weerasooriya and
El-Sharkawi (1993) used the ability of artificial intelli-
gence to identify the system dynamics and used the
indirect MRAC for trajectory control, which is specif-
ically useful in tracking applications. An attempt has
been made to merge the accuracy of an MRAC system
and calculation speed of Artificial Neural Network
(ANN) approach, to come up with a trajectory

following controller for DC motor applications. EI-
Samahy (2000) described the design of a robust adap-
tive discrete variable structure control scheme for high
performance DC drives. Zhou et al. (2001) proposed a
global speed controller for the separately excited DC
motor, in which the motor is modeled in two regions –
the first model is linear when speed is under the base
speed and the other is nonlinear when speed is con-
trolled by using a field-weakening method. For the
first part a linear robust state-feedback controller is
used and for the nonlinear part an adaptive back-step-
ping controller is used. Crnosija et al. (2002) presented
an application of MRAC with signal adaptation to per-
manent magnet brushless DC motor drives. MRAC
with a signal adaptation algorithm has been applied
to compensate for the parameter sensitivity and influ-
ence of load disturbances. Ban and Crnosiya (2003)
applied MRAC with a simplified discrete parameter
adaptation algorithm for control of a DC motor, and
Cezayirli and Ciliz (2004) developed a multiple model
adaptive control (MMAC) for a motor with large and
abrupt parameter changes.

The objective of MRAC is to ensure the output of a
controlled system to track the output of a given refer-
ence model, in addition to closed-loop stability. When
the plant parameters are unknown, adaptive laws are
designed to update the parameters of a controller to
provide the desired output. In this scheme the desired
objectives of control are specified by the output of the
reference model. The design problem involves the adap-
tation of controller parameters based on past values of
controller parameters and the control inputs such that
the error between the plant and model outputs
approaches zero asymptotically. The tracking error rep-
resents the deviation of the plant output from the
desired trajectory. The closed-loop plant consists of
an output feedback controller and an adjustment mech-
anism that adapts the controller parameters.

Since its first appearance and subsequent intensive
research to apply MRAC to speed control, it has not
been widely accepted in industrial practice. This is
believed to be partly because the MRAC speed control
system does not achieve consistent satisfactory per-
formance over a wide range of speed demands, espe-
cially at low speed, and there is no defined rule to guide
designers to choose the adaptation gains.

The speed control of a DC motor uses an MRAC
controller because of simplicity and stability. However,
an unexpected change in load conditions or environ-
mental factors would produce overshoot, oscillation
of motor speed, oscillation of the torque, or a long
settling time and thus causes deterioration of drive per-
formance. To overcome this, a neural-network-based
model reference adaptive control (NN-MRAC)
scheme can be proposed to control the speed of a
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separately excited DC motor. This paper is organized
as follows: the modeling of the DC motor is reviewed in
Section 2, the MRAC scheme is described in Section 3,
and Section 4 describes the design of the proposed con-
troller. The simulation results, comparison and discus-
sion are presented in Section 5. Section 6 describes the
hardware implementation, and Section 7 concludes
the work.

2. Mathematical model of DC motor
and DC-DC converter

A separately excited DC motor has the simplest
decoupled electromagnetic structure. A schematic dia-
gram of the electrical network of the machine is shown
in Figure 1.

The DC motor has been modeled with equations (1)
and (2).

d2�

dt2
¼

1

J
Kia � B

d�

dt
� TL

� �
ð1Þ

dio
dt
¼

1

L
V0 � Ria � Kb

d�

dt

� �
ð2Þ

where

J moment of inertia of the motor (kgm2)
B friction coefficient of the motor (Nm/rad/sec)

KT torque constant of the motor (Nm/A)
Kb motor back emf constant (V/rad/sec)
TL load torque applied (Nm)
ia armature current (A)
V0 armature voltage applied (V)
R armature resistance (ohms)
L armature inductance (mH)

The DC-DC converter is used to change the arma-
ture voltage applied to the separately excited DC motor
whose speed is to be controlled.

The buck converter was modeled using equations (3)
to (6). Mode 1 is when the MOSFET switch is ON and
Mode 2 is when the MOSFET switch is OFF.

Mode 1: (Switch ON)

V0 ¼ Raia þ La
dia
dt
þ Kb ð3Þ

KTia ¼ J
d!

dt
þ B!þ TL ð4Þ

Mode 2: (Switch OFF)

0 ¼ Raia þ La
dia
dt
þ Kb! ð5Þ

KTia ¼ J
d!

dt
þ B!þ TL ð6Þ

The above two states of the converter can be averaged
using the fact that the switch is in position 1 for a
period of (d� Ts) over the switching period Ts, where
d is the duty cycle. The averaged small signal model is
formulated by assuming perturbations in the steady-
state values.

The small signal model for the chopper-fed DC drive
is given by equations (7) and (8):

La
d �ia
dt
¼ D �vs þ Vs

�d� Ra
�ia � Kb �! ð7Þ

J
d �!

dt
¼ KT

�ia � B �!� TL ð8Þ

Considering duty cycle d(s) as the control signal and
speed !ðsÞ as the output signal, the motor speed trans-
fer function is

�!ðsÞ
�dðsÞ
¼

�!ðsÞ
�iaðsÞ
�

�iaðsÞ

�dðsÞ
ð9Þ

From these equations, the speed gain is given by
equation (10) when the load torque is constant.

�!ðsÞ
�iaðsÞ
¼

K

Jsþ B
ð10Þ

Similarly, the current gain when the supply voltage is
kept constant is given by equation (11):

�iaðsÞ

�dðsÞ
¼

VsðJsþ BÞ

ðLasþ RaÞðJsþ BÞ þ K2
ð11Þ

So, the final transfer function of the chopper-fed DC
motor under the assumed conditions is as given in the
equation (12):

�!ðsÞ
�dðsÞ
¼

KVs

ðLasþ RaÞðJsþ BÞ þ K2
ð12Þ

Figure 1. Equivalent circuit of separately excited DC motor.
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3. Model reference adaptive control

Model reference adaptive control is one of the main
approaches of adaptive control schemes. The desired
performance is expressed as a reference model, which
gives the wished response to an input signal. The
adjustment mechanism changes the parameters of the
regulator by minimizing the error between the system
output and the reference model. In the standard adap-
tive control scheme, the control Umr is structured as

Umr ¼ �
T!þ _�

T
� ¼ �T!� �T��e1sgnðKp=KmÞ ð13Þ

where Kp is plant gain and Km is reference model gain, �
is signal vector, � is a positive gain and � ¼
½�1, �2, �3,C0�

T is a vector of adjustable parameters,
and is considered as an estimate of a vector of unknown
system parameters ��.

The dynamic of tracking error is

e ¼ GmðsÞðsþ p0Þ p
� ~�T� ð14Þ

where P� ¼
Kp

Km
and ~� ¼ �ðtÞ � �� represent the param-

eter error. GmðsÞðsþ p0Þ is strictly proper and strictly
positive real (SPR). In this case, because the transfer
function between the parameter error ~� and the track-
ing error e is SPR, and the adaptation rule for the con-
troller gain � is given

_� ¼ ��e1sgnðKp=KmÞ ð15Þ

where e1¼ yp� ym.

The adaptive laws and control schemes developed
are based on a plant model that is free from disturb-
ances, noise and unmodeled dynamics. These schemes
are to be implemented on actual plants that are most
likely to deviate from the plant models on which their
design is based. An actual plant may be infinite in
dimensions, nonlinear, and its measured input and
output may be corrupted by noise and external disturb-
ances. It is shown by using conventional MRAC that
an adaptive scheme is designed for a disturbance-free
plant model and may be unstable in the presence of
small disturbances.

4. Proposed approach

To make the system adapt more quickly and more effi-
ciently than the conventional MRAC system, a neural
network-based model reference adaptive control
(NN-MRAC) scheme is designed. In this scheme, the
controller is designed by using a parallel combination
of the conventional MRAC system and an NN control-
ler. The control input of the DC motor is given by the
sum of the MRAC output and the NN controller
output. The inputs to the NN are the desired system
states, its derivatives and the DC motor output. Here
the multilayer back propagation NN is used. The block
diagram of the proposed NN-MRAC scheme is shown
in Figure 2.

The system consists of a buck converter type DC-
DC converter or chopper for driving the separately
excited DC motor (Krein, 1992; Rashid, 1993;

Figure 2. Block diagram of the neural network-based model reference adaptive control (NN-MRAC).

4 Journal of Vibration and Control
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Erickson, 1997). The proposed NN-MRAC can be used
to generate the PWM waveform required to switch the
DC-DC converter. The inner current controller is
selected as a simple on-off controller.

A gating circuit is used to switch off the PWM signal
from the controller whenever the motor current exceeds
the reference current ILref. In the outer speed control
loop, the motor speed is sensed by a speed sensor and is
fed back to the NN-MRAC. In the controller unit, the
speed sensed is compared with the reference speed and
an error is given as an input to the controller. The
NN-MRAC will attempt to reduce the error to zero
by changing the duty cycle of the switching signal.
The DC-DC converter is used to change the armature
voltage applied to the separately excited DC motor
whose speed is to be controlled. The controller is
designed to work with a buck converter type DC-DC
converter and so the speed can be controlled over a
wide range from zero to the rated speed.

The theoretical basis for the designed scheme is as
follows, To keep the DC motor output yp converging to
the reference model output ym, the control input U can
be synthesized by equation (16):

U ¼ Umr þUnn ð16Þ

where Umr is the output of the adaptive controller, Unn

is the output of neural network.
The stability of the system and adaptability are then

achieved by an adaptive control law Umr tracking the
system output to a suitable reference model, such that
error e¼ yp – ym¼ 0 is obtained asymptotically. The
controller design concept is illustrated using the follow-
ing state equation of the second-order system, which
can be comfortably expanded to a higher-order system.

_x1 ¼ x2 ð17Þ

_x2 ¼ ax1 þ bx2 þ cU ð18Þ

and let the output, yp ¼ x1
Differentiating equation (18)

€yp ¼ €x1 ¼ _x2 ¼ ax1 þ bx2 þ cU

U ¼ c�1ð _x2 � ax1 � bx2Þ
ð19Þ

Suppose a controller Ud can be established which
should track a desired signal, say _x2d, then the control-
ler equation can be written as

Ud ¼ c�1ð _x2d � ax1 � bx2dÞ ð20Þ

which is the same as

Ud ¼ Dðyp,x2d, _x2dÞ ð21Þ

where D is the functional relation between states, con-
trol and output. Thus it possible to have a system
response that equals the desired value if the controller
Ud can effectively inverse the system dynamics. In other
words the controller U should track the system such
that €e¼ 0. However due to system dynamics, the error
equation has to be written as

e ¼ ðxd � xÞ ¼ 0

Thus the controller U should be written as

U ¼ c�1ð _x2d � ax1 � bx2dÞ þUmr ð22Þ

The NN control law now becomes

Ud ¼ Dð yp, x2d, _x2dÞ ð23Þ

where yp is the DC motor output. From the above
discussion it can be seen that the input to the NN
should be

X ¼ ½ yp, x2d, _x2d� ð24Þ

The design procedure multilayer back propagation NN
controller and derivation are discussed next.

4.1. Structure of proposed multilayer back
propagation neural network controller design

The inputs of the NN are the desired system states, its
derivatives, and the output. The multilayer back propa-
gation NN is used in the present work. The multilayer
back propagation NN is especially useful for this pur-
pose, because of its inherent nonlinear mapping cap-
abilities, which can deal effectively with real-time
online computer control. The NN of the present work
method has three layers: an input layer with n neurons,
a hidden layer with n neurons and an output layer with
one neuron as shown Figure 3. Let xi be the input to the
ith node in the input layer, zj be the input to the jth node
in the hidden layer, y be the input to the node in the
output layers. Furthermore let Vij be the weight
between the input layer and the hidden layer Wj1 is
the weight between the hidden layer and the
output layer.

4.2. Learning about the neural network

The relations between the inputs and the outputs of NN
are expressed as

Z�inj ¼ Voj þ
Xn
i¼1

xiVij ð25Þ

Prakash and Vasanthi 5
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Y�ink ¼W01 þ
XP
j¼1

zjWj1 ð26Þ

Zj ¼ FðZ injÞ ð27Þ

Yk ¼ FðY�inkÞ ð28Þ

where F(�) is the activation function.
Sigmoid function is chosen for the activation func-

tion as follows:

FðxÞ ¼
2a

1þ expð��xÞ
� a ð29Þ

where �> 0, a is a specified constant such that a� 0,
and F(x) satisfies

�a5FðxÞ5 a

The aim of training to minimize the sum of square
error energy function,

EðkÞ ¼
1

2
½ ym � yp�

2
ð30Þ

The weight is updated by using

�Wj1 ¼ ��
@E

@Wj1
ð31Þ

�W01 ¼ ��
@E

@W01
ð32Þ

�Vij ¼ ��
@E

@Vij
ð33Þ

�V0j ¼ ��
@E

@V0j
ð34Þ

where � is the learning role, @E
@Wj1

, @E
@W01

, @E
@Vij

and @E
@Voj

are
derived as follows:

@E

@Wj1
¼
@E

@yp

@yp
@up

@up
Fð y�inkÞ

@Fð y�inkÞ

@y�ink

@y�ink
dWj1

ð35Þ

@E

@W01
¼
@E

@yp

@yp
@up

@up
Fð y�inkÞ

@Fð y�inkÞ

@y�ink
ð36Þ

@E

@Vij
¼
@E

@yp

@yp
@up

@up
Fðy�inkÞ

@f ðy�inkÞ

dy�ink

dy�ink
@FðZ�injÞ

@fðz�injÞ

z�inj

@z�inj
@Vij

ð37Þ

@E

@V0j
¼
@E

@yp

@yp
@up

@up
Fð y�inkÞ

@f ð y�inkÞ

dy�ink

dy�ink
@FðZ�injÞ

@f ðz�injÞ

z�inj

ð38Þ

where

@E

@yp
¼ �ð ym � ypÞ ð39Þ

@up
@f ð y�inkÞ

¼ 1 ð40Þ

@y�ink
@Wji

¼ Fðz�injÞ ð41Þ

@y�ink
@f ðz�injÞ

¼Wj1 ð42Þ

Figure 3. Structure of neural network.
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@zinj
@Vij
¼ Xi ð43Þ

@Fð y�inkÞ

@ ð y�inkÞ
¼
�

2a
½ða� Fð y�inkÞÞðaþ Fð y

�inkÞÞ� ð44Þ

@Fðz�injÞ

@ ðZ�injÞ
¼
�

2a
ða� Fðz�injÞÞðaþ Fðz�injÞÞ ð45Þ

@y

@U
¼

@y

@Umr

@Umr

@U
¼

@y

@Umr

. @U

@Umr
ð46Þ

U ¼ Umr þUnn ð47Þ

@U

@Umr
¼ 1þ

@Unn

@Umr
ð48Þ

@Unn

@Umr
¼
@Fð y�inkÞ

@y�ink

@y�ink
@Fðz�injÞ

@Fðz�injÞ

@z�inj

@z�inj
@Xi

ð49Þ

@zin�j
@xi
¼ Vij ð50Þ

Wj1ðnewÞ ¼Wj1ðold Þ þ�Wj1 ð51Þ

W01ðnewÞ ¼W01ðold Þ þ�W01 ð52Þ

VijðnewÞ ¼ Vijðold Þ þ�Vij ð53Þ

V0jðnewÞ ¼ V0jðold Þ þ�V0j ð54Þ

5. Results and discussion

Assume that the DC motor is expected to behave as a
second-order system whose input is r(t) and output is
ym(t). The reference model can be selected as the ideal
second-order system transfer function.

WmðsÞ ¼
!mðsÞ

RðsÞ
¼

!2
n

s2 þ 2�!nsþ !2
n

ð55Þ

where � is the damping ratio and !n is the undamped
natural frequency of oscillation.

The performance of the MRAC and the proposed
controller was investigated by simulation for a DC
motor whose parameters are listed in Table 1. A
series of simulation tests were carried out on a DC
motor drive using both the MRAC and the proposed
NN-MRAC for various operating conditions. The time
response and steady-state errors were analyzed and
compared. The robustness of the controller was effect-
ively demonstrated by considering the effects of the
variations of the load torque.

Figures 4 and 5 show the speed response for both the
MRAC and the NN-MRAC when there is a sudden

change in speed reference at three seconds and an
applying load torque from 0 to rated load at six sec-
onds. From these figures it can be seen that the NN-
MRAC exhibited better speed tracking than MRAC.
A change in speed from 900 rpm to 1500 rpm is
smoother with NN-MRAC than with MRAC. The
starting torque developed in NN-MRAC is much
smoother than the MRAC controller. The steady-
state operation of NN-MRAC shows negligible speed
error and ripple-free behavior. From all points of view,
such as variable speed characteristics and speed recov-
ery time, the proposed NN-MRAC is better than
MRAC. Especially in full load the MRAC’s response
has more overshoot and vibration than the proposed
NN-MRAC. The proposed NN-MRAC performed
better with respect to rising time and steady-state error.

A comparative study of time domain performances
for the controllers under study is shown in Tables 2
and 3. The study was done for 60% and 100% of the
rated speed without a load torque and with a full load
torque. The proposed NN-MRAC is found to provide
low steady-state error and rising time than the MRAC
under comparison.

Figures 6 and 7 show the speed response waveforms
in the case of moment of inertia variation using the
MRAC and the proposed NN-MRAC respectively.
The reference speed is 1500 rpm that is increased from
zero speed, the moment of inertia JL is changed to four
times the normal value J, and full load is applied at six
seconds. It can be observed that the proposed NN-
MRAC is more robust than MRAC.

Figures 8 and 9 show the speed response with slow
speed operation using the MRAC and proposed NN-
MRAC respectively. It can be observed that the pro-
posed NN-MRAC is more robust than the MRAC.
In this case, in the NN-MRAC scheme the over-
shoots and the oscillations are much smaller, yielding
a much better performance than the conventional

Table 1. Separately excited DC motor specifications.

DC motor parameters Value

Motor rating 3 HP

DC supply voltage 220 V

Motor rated current 4.3A

Armature resistance Ra 0.6 �

Armature inductance La 0.008 H

Inertia constant J 0.011 Nm2

Damping constant B 0.004 Nm/rad/s

Torque constant parameter Kt 0.55

Back emf constant Kb 0.55

Speed 1800 rpm
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MRAC scheme. In the proposed NN-MRAC
scheme, the motor output has tracked with the
reference model output within the minimum
possible time.

The responses of the control algorithm with only the
MRAC are observed to be inferior to those of the con-
trol algorithm both with the NN controller and the
MRAC. Also, the response of the control algorithm

Figure 5. Graph of speed variation for the step change in reference speed from 900 rpm to 1500 rpm at t¼ 3 and for the change in

load torque from zero to the rated value applied at t¼ 6 sec with the proposed neural network-based model reference adaptive

control (NN-MRAC).

Figure 4. Graph of speed variation for the step change in reference speed from 900 rpm to 1500 rpm at t¼ 3 and for the change in

load torque from zero to the rated value applied at t¼ 6 sec with the model reference adaptive control (MRAC).
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with only the MRAC shows large overshoot and oscil-
lation. Further, the response of the output performed
by the control algorithm both with the NN controller
and the MRAC is more satisfactory for the bounded

disturbances with unknown as well as time-varying
characteristics than that of the control algorithm with
only the MRAC.

From the simulation results, when using the NN
controller and the MRAC in coordination where the
control law is used to cope with parameter variation
and load disturbances, the controlled system can be
robustly stabilized all of the time.

6. Experimental implementation

The designed controllers were implemented by using an
NXP 80C51-based processor (P89V51RD2BN). A
buck converter was built, and the controllers were
tested on the DC motor. A tacho-generator was used
to sense the speed and to feed back the speed signal. An
LEM current sensor LTS25NP was used to sense the
armature current and it is compared with the reference
current using the comparator LM 399. The AND gate
was used to allow the PWM waveform when the actual
current was less than the reference current. This PWM
waveform was then level amplified and fed to the DC-
DC power converter through an IR2110 isolator chip.
The buck converter output was used as a supply to the
armature of the DC motor to maintain the speed. The
tacho-generator connected to the motor shaft gave a
DC voltage proportional to the speed and this DC volt-
age was fed to the ADC available in the micro-
controller. The implemented hardware setup used is
shown in Figure 10.

Table 2. Comparison of the time domain performances of the

conventional MRAC and proposed NN-MRAC under 0% of rated

torque.

Time domain

performances

Conventional

MRAC NN-MRAC

Rise time 1.2 1

Settling time 2.2 sec 1.2 sec

Max. over shoot 4% 1.4%

MRAC: model reference adaptive control; NN-MRAC: neural network-

model reference adaptive control.

Figure 6. Speed response using model reference adaptive control (MRAC) (JL¼ 4J).

Table 3. Comparison of the time domain performances of the

conventional MRAC and the proposed NN-MRAC under 100%

rated torque and speed !r¼ 1500 rpm at t¼ 3 sec.

Time domain

performances

Conventional

MRAC NN-MRAC

Settling time 7.5 sec 6.2 sec

Max. over shoot 3% 1%

Recovery time 1.5 sec 0.5 sec

MRAC: model reference adaptive control; NN-MRAC: neural network-

model reference adaptive control.
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Figures 11 and 12 show the experimental results of
speed variation from standstill to 1500 rpm using
MRAC and NN-MRAC respectively. Motor start-up
is faster with NN-MRAC compared to MRAC.
Steady-state operation of NN-MRAC shows negligible
speed error and ripple-free behavior.

A comparison of the hardware performance of the
proposed NN-MRAC system and MRAC is given in
Table 4.

Figures 13 and 14 show the experimental results of
slow speed variation from standstill to 300 rpm using
MRAC and NN-MRAC respectively. In the slow speed
operation NN-MRAC gives a better performance. The
experimental graph agrees with the simulated wave-
forms and confirms the use of NN-MRAC for the con-
trol of motors.

When the set speed is reduced to 300 rpm, it can
be seen in Figures 13 and 14 that the MRAC

Figure 7. Speed response using neural network-based model reference adaptive control (NN-MRAC) (JL¼ 4J).

Figure 8. Speed response using model reference adaptive control (MRAC) (slow speed operation).
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Figure 9. Speed response using neural network-based model reference adaptive control (NN-MRAC) (slow speed operation).

Figure 10. Hardware implementation.

Figure 11. Experimental result of speed response with model reference adaptive control (MRAC).
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Figure 12. Experimental result of speed response with proposed neural network-based model reference adaptive control

(NN-MRAC).

Table 4. Hardware performance comparison of proposed NN-MRAC with MRAC for the speed !r¼ 1500 rpm.

Controller Settling time in sec Max. over shoot in % Steady-state error in rpm

MRAC 4 10 10

NN-MRAC 2.5 2 2

MRAC: model reference adaptive control; NN-MRAC: neural network-model reference adaptive control.

Figure 13. Experimental result of slow speed response with model reference adaptive control (MRAC).
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performance has degraded with large overshoot and
undershoot, slower response and longer settling time.
However, the NN-MRAC maintains excellent per-
formance and the plant output closely follows the
reference output.

The experimental graph agrees with the simulated
waveforms and confirms the use of NN-MRAC for
the control of motors.

7. Conclusion

The performance of an NN-MRAC for the speed con-
trol of a DC-DC converter fed DC motor drive has
been verified and compared with that of a conventional
MRAC. The simulation and experimental results
obtained have confirmed the very good dynamic per-
formance and robustness of the NN-MRAC during the
transient period and during a sudden load change. It is
concluded that the performance of the proposed intel-
ligent controller is superior to that of the conventional
MRAC and the earlier proposed system. The
proposed intelligent controller gives a robust drive per-
formance, the response is not affected by speed vari-
ation or load disturbance.
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