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Abstract
This paper proposes the speed control of a permanent magnet direct current
(PMDC) motor by varying armature voltage. The objective is to control the
rotor angular speed to follow the desired value. The main feature of the
proposed controller is neural network, which captures the nonlinearity system of
the motor. Neural network (NN) performance is compared with the
conventional controller performance like PI (Proportional-Integral) controller to
show that NN performance is excellent. Numerous work reported in recent past
have shown that Artificial Neural Network (ANN) controller has a potential to
replace the conventional PI controller. Artificial Neural Network control
apparently offers a possibility of obtaining an improvement in the quality of the
speed response, compared to PI control. This research proposes NARMA-L2
(Nonlinear Autoregressive-Moving Average) as an improved ANNtechnique,
and trained as a close loop controller, which gives an ideal performance as
compared with PI controller to control the angular speed of rotor in a permanent
magnet dc (PMDC) motor. Simulation results show the effectiveness of the
proposed control scheme.The entire system has been modeled using MATLAB
toolbox.
Keywords: PMDC Motor; speed control of PMDC, PI controller, ANN
controller, NARMA-L2 controller.

اﻟﺴﯿﻄﺮة ﻋﻠﻰ ﺳﺮﻋﺔ اﻟﻤﺤﺮك ذو ﺗﯿﺎر ﺛﺎﺑﺖ ذو ﻣﺠﺎل ﻣﻐﻨﺎﻃﯿﺴﻲ داﺋﻢ ﺑﺎﺳﺘﺨﺪام
اﻟﺸﺒﻜﺔ اﻟﻌﺼﺒﯿﺔ اﻻﺻﻄﻨﺎﻋﯿﺔ
اﻟﺨﻼﺻﺔ

ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻟﻐﺭﺽ ﺍﻟﺴﻴﻁﺭﺓ ﻋﻠﻰ ﺴﺭﻋﺔ ﻤﺤﺭﻙ ﺫﻭ ﺘﻴﺎﺭ ﻤﺴﺘﻤﺭ ﺫﻭ ﻤﺠﺎل ﻤﻐﻨﺎﻁﻴﺴﻲ
 ﺍﻟﺯﺍﻭﻴﺔﹶﻥ ﺍﻟﻬﺩﻑ ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻫﻭ ﺍﻟﺴﻴﻁﺭﺓﹶ ﻋﻠﻰ ﺍﻟﺴﺭﻋﺔ
  ﺇ.ﺩﺍﺌﻡ ﺫﻭ ﻓﻭﻟﺘﻴﺔ ﻤﺤﺭﻙ ﻤﺨﺘﻠﻔﺔ
ﺡﹺ )ﺍﻟﺸﺒﻜﺔ ﺍﻟﻌﺼﺒﻴﺔﻘﺘﹶﺭﺯﺓﹶ ﺍﻟﺭﺌﻴﺴﻴﺔﹶ ﻟﺠﻬﺎﺯﹺ ﺍﻟﺴﻴﻁﺭﺓ ﺍﻟﻤ ﻥ ﺍﻟﻤﻴ
 ﺇ.  ﺍﻟﻤﻁﻠﻭﺒﺔﻟﻠﻤﺤﺭﻙ ﻹﺘﹼﺒﺎﻉ ﺍﻟﻘﻴﻤﺔ
 ﺃﺩﺍﺀ ﻤﺴﻴﻁﺭ ﺍﻟﺸﺒﻜﺔ ﺍﻟﻌﺼﺒﻴﺔﹶ ﻤﻊﻥﻘﹶﺎﺭ ﻴ.ﺍﻻﺼﻁﻨﺎﻋﻴﺔ ( ﻫﻭ ﺍﺴﺘﻴﻌﺎﺏ ﺍﻟﻨﻅﺎﻡ ﺍﻟﻼﺨﻁﻲ ﻟﻠﻤﺤﺭﻙ
ﺃﺩﺍﺀ ﻤﺴﻴﻁﺭ ﺘﻘﻠﻴﺩﻱﹺ ﻤﺜل ﺠﻬﺎﺯﹺ ﺍﻟﻤﺴﻴﻁﺭ)ﺍﻟﺘﻨﺎﺴﺒﻲ – ﺍﻟﺘﻜﺎﻤﻠﻲ( ﻟﺒﻴﺎﻥ ﺃﻤﺘﻴﺎﺯ ﻤﺴﻴﻁﺭﺓ ﺍﻟﺸﺒﻜﺔ
 ﺍﻥ ﺍﻟﻌﺩﻴﺩ ﻤﻥ ﺍﻟﺒﺤﻭﺙ ﺍﻟﺘﻲ ﺼﺩﺭﺕ ﻓﻲ ﺍﻟﻤﺎﻀﻲ ﺍﻟﺤﺩﻴﺙ ﺍﻀﻬﺭﺕ ﺍﻥ ﻤﺴﻴﻁﺭﺍﺕ.ُ ﺍﻟﻌﺼﺒﻴﺔﹶ
 ﺍﻥ ﺍﻟﺸﺒﻜﺔ.ﺍﻟﺸﺒﻜﺎﺕ ﺍﻟﻌﺼﺒﻴﺔ ﺍﻷﺼﻁﻨﺎﻋﻴﺔ ﺤﻠﺕ ﻤﺤل ﺍﻟﻤﺴﻴﻁﺭ)ﺍﻟﺘﻨﺎﺴﺒﻲ – ﺍﻟﺘﻜﺎﻤﻠﻲ( ﺍﻟﺘﻘﻠﻴﺩﻱ
ﺍﻟﻌﺼﺒﻴﺔ ﺍﻻﺼﻁﻨﺎﻋﻴﺔ ﺍﻅﻬﺭﺕ ﻤﺩﻯ ﻓﻌﺎﻟﻴﺘﻬﺎ ﻓﻲ ﺘﺤﺴﻴﻥ ﺃﺴﺘﺠﺎﺒﺔ ﺴﺭﻋﺔ ﺍﻟﻤﺤﺭﻙ ﻟﻠﺴﻴﻁﺭﺓ
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( ﻜﺘﻘﻨﻴﺔNARMA-L2)  ﻴﻘﺩﻡ ﻫﺫﺍ ﺍﻟﺒﺤﺙ.(ﺒﺎﻟﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺍﻟﻤﺴﻴﻁﺭ )ﺍﻟﺘﻨﺎﺴﺒﻲ – ﺍﻟﺘﻜﺎﻤﻠﻲ
ﺏ ﻜﻤﺴﻴﻁﺭ ﺤﻠﻘﻲ ﻤﻐﻠﻕ ﻭﺍﻟﺫﻱ ﻴﻌﻁﻲ ﺍﺩﺍﺀﺭﻤﺤﺴﻨﺔ ﻟﻠﺸﺒﻜﺎﺕ ﺍﻟﻌﺼﺒﻴﺔ ﺍﻻﺼﻁﻨﺎﻋﻴﺔ ﻭﺍﻟﺘﻲ ﹸﺘﺩ
ﻤﺜﺎﻟﻲ ﺒﺎﻟﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺍﻟﻤﺴﻴﻁﺭ)ﺍﻟﺘﻨﺎﺴﺒﻲ – ﺍﻟﺘﻜﺎﻤﻠﻲ( ﻟﻠﺴﻴﻁﺭﺓﻋﻠﻰ ﺴﺭﻋﺔ ﺍﻟﻤﺤﺭﻙ ﺫﻭ ﺘﻴﺎﺭ
 ﻓﻌﺎﻟﻴﺔ ﻤﺨﻁﻁﹶ ﺍﻟﺴﻴﻁﺭﺓ ﺍﻟﻤﺤﺎﻜﺎﺓ ﺘﻀﻬﺭ ﻨﹶﺘﺎﺌِﺞ.ﻤﺴﺘﻤﺭ ﻤﻥ ﻨﻭﻉ ﻤﺠﺎل ﻤﻐﻨﺎﻁﻴﺴﻲ ﺩﺍﺌﻡ
. ﺍﻥ ﻨﻀﺎﻡ ﺍﻟﻤﺤﺎﻜﺎﺓ ﺍﻟﻤﺴﺘﺨﺩﻡ ﻫﻭ ﺒﺭﻨﺎﻤﺞ ﻤﺎﺘﻼﺏ.ﺡﹺﻘﺘﹶﺭﺍﻟﻤ
The need for external field current.
This design yields a smaller, lighter,
and energy efficient motor [1, 2].
Conventional controllers like PI
require accurate mathematical models
describing the model of the system
under control. Even if a model can be
obtained for the system under control
one of the main difficulties with the
conventional tracking controllers for
electric drives is their inability to
capture unknown load
Characteristics over a widely
ranging operating point. This makes
tuning of respective parameters
difficult [3, 4]. Some adaptive control
techniques, such as, variable structure
control, self–tuning does not need a
model for system dynamics. Although
these adaptive controllers are effective,
their hardware implementation can be
elaborated. ANN can be trained to
control non–linear plant by presenting
a suitable set of input and output data
generated by the plant. The NN has
several features that make it highly
suitable for dc motor applications. For
example, a neural network can
generate a non–linear mapping
between the inputs and outputs of an
electric drive system without the need
for a predetermined model. Hence
neural networks are preferred [5].

1. Introduction
Permanent magnet dc motors are
useful in a range of applications, from
battery
powered
devices
like
wheelchairs and power tools, to
conveyors and door openers, welding
equipment, X-ray and tomographic
systems, pumping equipment. They are
frequently the best solution to motion
control and power transmission
applications where compact size, wide
operating speed range, ability to adapt
to a range of power sources or the
safety considerations of low voltage
are important and They produce
relatively high torques at low speeds,
enabling them to be used as substitutes
for gearmotors in many instances.
Because of their linear speed-torque
curve, they particularly suit adjustable
speed and servo control applications
where the motor will operate at less
than 5000 rpm inside these motors,
permanent magnets bonded to a fluxreturn ring replace the stator field
windings found in shunt motors. A
wound armature and mechanical brush
commutation system complete the
motor. The permanent magnets supply
the surrounding field flux, eliminating
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In this paper non–linear
permanent magnet dc (PMDC) motor
is controlled by NNC and compared
the obtained results with conventional
PI controller for speed control. The
results of the simulation are given.
2. Modeling and Simulation of
Permanent Magnet D.C. Motor
The Permanent Magnet D.C.
Motor model used in this study is
shown in fig. (1) [6] [7]. This type of
motor uses a permanent magnet to
generate the magnetic field in which
the armature rotates, no field current,
that mean the flux must be constant.
The electrical armature and field
circuit can model the motor. In this
simple model Ra and La indicate the
equivalent armature coil resistance and
inductance respectively and RF and LF
indicate the equivalent field resistance
and inductance respectively , va is the
voltage supplied by the power source.
Kirchoff’s voltage law leads to the
following equation:
va = em+Ra ia + La (dia /dt)

…. (1)

Where em is the back electromotive
force. By examining the effect of
the magnetic field in the motor, and
realizing that magnetic flux is
constant, we can arrive at the
following two equations relating
the electrical torque Te and the
motor speed output ω to the
supplied current and voltage:
em

=

Kφω

Te = K φ ia

…… (2)
….. (3)

where K is the motor constant and it’s
dependent on the particular motor, but
if it is expressed in SI Units, their
values are always equal and φ is the
flux of motor. In addition to the
electrical equations, we should
consider the mechanical equation of
PMDC motor and load effect. The
mechanical equation of PMDC motor
is:

Te − TL = j

dω
+ Bω
….. (4)
dt

Where: TL is the torque of the
mechanical load; j is the inertia of
motor load and B is the damping
coefficient associated with the
mechanical rotational system of the
motor. The block diagram obtained
from these equations of the permanent
magnet dc motor is shown in fig.(2) .
The used PMDC motor parameters
are: 3000 rpm, 220 v., La= 3.2 mH,
Ra=0.2
Ω,
j=
0.15
kg/m2,
B=0.0001N.m. TL=10 N.m.
The transfer function block
diagram of the permanent magnet dc
motor without controller can be
developed in "Matlab" as shown in
fig.(3). This type of PMDC motor
consists of variable armature voltage,
which is connected directly to PMDC
motor, and the operation performance
for different speed responses without
controller is shown in figure (4). From
figure (4) it’s seen that the period of
simulation in the speed responses are
set as 1 seconds, and by studying the
behavior of the motor speed without
controller , we can see that the settling
time and steady-state error are high
because the motor is un controlled that
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mean the operation performance for
different speed responses of this motor
are very slowly. Therefore, to improve
system performance and get exact
operating speed, close loop control
must be implemented. The following
proposed models are needed to study
the effect of using the PI controllers
and the Neural Network controller
(NNC) which represent on the second
order model of PMDC motor for speed
control .
3. PI controller
PI controller is a common
sense approach to control based on the
nature of error. It can be applied to
wide varieties of systems. PI controller
has two parameters, the two
parameters that must be determined
(some times, must be optimized) for
the given process, to give the desirable
output responses for the plant are:
proportional gain and integral gain[4].
The error signal (e) will be sent to the
PI controller, and the controller
computes both the proportional and the
integral of this error signal. The signal
(u) just past the controller is given as:
u= Kp.e + Ki ∫e.dt

…….. ( 5)

This signal will be sent to the
plant, and the new output (y) will be
obtained. This new output (y) will be
sent back to the sensor again to find
the new error signal (e). The controller
takes this new error signal and
computes its proportional and its
integral again. This process will
continuous until the desired output

achieved. A proportional controller
(Kp) will have the effect of reducing
the rise time and will reduce, but never
eliminate, the steady –state error. An
integral control (Ki) will have the
effect of eliminating the steady– state
error, but it may make the transient
response worse [4]. The PI controller
is introduced in the PMDC motor to
improve the dynamic response and
also reduces the steady state error. The
block diagram for simulating a
permanent magnet of dc motor with PI
controller
and
the
operation
performance for different speed
responses with PI controller are shown
in Figures (5) and ( 6) respectively. It
is very interesting to investigate the
effects of each of PI controller’s
parameters Kp and Ki on the PMDC
motor speed control. By trial and error
the proportional gain (Kp) and integral
gain (Ki) selected as (Kp=1, Ki=30).
The time taken for the speed response
(ω) to reach the desired value (settling
time) is now 0.2 seconds. When these
results are compared with the same
system without controller it's found
that these settings of Kp and Ki
produce a good overall response.
4. Neural Network controller
Neural networks have been applied
very successfully in the identification
and control of dynamic systems [8,9].
The
universal
approximation
capabilities
of
the
multilayer
perception make it a popular choice for
modeling nonlinear systems and for
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implementing
general-purpose
nonlinear controllers [9]. There are
three
popular
neural
network
architectures for prediction and control
that have been implemented in the
Neural Network Toolbox [10]:
•Model Predictive Control.
•NARMA-L2
(or
Feedback
Linearization) Control.
•Model Reference Control.
NARMA-L2
(Nonlinear
Autoregressive-Moving
Average)
neural controller requires the least
computation and it's simply a
rearrangement of the neural network
plant model, which is trained off-line,
in batch form. The only online
computation is a forward pass through
the neural network controller. The
drawback of this method is that the
plant must either be in companion
form,
or
be
capable
of
approximationby a companion form
model (called NARMA-]L2) [10,11].
In this work, the NARMA –L2
architecture is applied with the aid of
the Neural Network Toolbox of
MATLAB software version-7. The
identification can be summarized by
the flowing steps:
a-The first step in using feedback
linearization (or NARMA-L2 control)
is to identify the system to be
controlled. Neural network is trained
to represent the forward dynamics of
the system. One standard model that
has been used to represent general
discrete-time nonlinear systems is the
NARMA-L2 model [12]:

Where u(k) is the system input, and
y(k) is the system output and k ,d, n are
integral number and N is the function
of
the
output
system
after
identification.
b- The next step is to make the output
system follows some reference
trajectory by developing a nonlinear
controller of the form:
y(k +d) = yr(k +d)
…… (7)
u(k) = G[y(k),y(k – 1),…, y(k –n+ 1),
yr(k +d),u(k– 1),…,u(k–m+ 1)]
.
……. ( 8)
The problem with using this controller
is : Training neural network to
minimize mean square error, needs to
use dynamic back propagation which
quite slow [13] .
One solution is to use approximate
models to represent the system. The
controller used in this section is based
on the NARMA-L2 approximate
model:
yˆ(k+d)=f[y(k),y(k–1),…,y(k–n+1),u(k–
1),…,u(k–m+ 1)]+ g[y(k),y(k –
1),…,y(k–n+1),u(k– 1) ,…,u(k–m+
1)]u(k)
……. ( 9)
Using this equation directly can
cause realization problems, because it
must determine the control input based
on the output at the same time, i.e:
input make the system output follows
the reference equation (7) . The
resulting controller is:

y(k +d) = N[y(k),y(k – 1),…, y(k –n+
1), u(k),u(k– 1),…,u(k–n+ 1)] …..(6)
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yr ( k+1) − f [ y( k), y( k−1),...,
y (k−n+1),u(k−1),...,
u (k − n +1)
u( k )=
g [y( k),...,
y ( k − n+1),u( k −1),...,
u ( k − n +1) ]

..(10)
Where the next controller input is
not contained inside the nonlinearity.
The advantage of this form is that
controlled
y(k+ d)=f[y(k),y(k–1),..,y(k–
n+1),u(k),u(k–1),…,u(k–n+ 1)]+
g[y(k),…,y(k–n+1),u(k),…,u(k–n+
1)]u(k+1)
…… (11)
The neural network architecture is
illustrated in fig. (7) [13], the testing
data, validation data and training data
can be shown in figures (8), (9) and
(10). Figure (11) is referred to block
diagram of the permanent magnet dc
motor with NARMA-L2 controller ,
the operation performance for different
speed responses with NNC is shown in
figure (12). As the simulation runs,
the system output and the reference
signal are displayed. It’s seen that the
settling time of the PMDC motor is
exactly reach to the value of 1 p.u. at
0.06 seconds that mean the speed of
this system is very faster than without
and with PI controller.
5. Conclusions
In this paper the conclusions
of this work is summarized in three
steps as following:
1- In the PMDC motor without
controller, the motor speed is not
exactly equal to the desired valuesand
the speed of the motor is slowly.

2- The performance of the PI
controller gives:
● Rise time: 0.09 sec. (good).
● Settling time: 0.2 sec. (good).
● Maximum overshot: 20% (poor).
● Steady state error: 0% in different
speed responses (very good).
3- Neural
Network
Controller
proposes an excellent performance as
follow:
● Rise time: 0.06 sec. (very good).
● settling time: 0.06 sec. (very good).
● Maximum overshot: 0% (very
good).
● Steady state error: 0% in variable
speed responses (very good).

From which one can deduced
that, the artificial intelligent
controller, type NARMA-L2 has
the best response than others
because it’s highly improved the
speed step response. Therefore, it
can be used successfully instead of
complex controller methods or
traditional controllers.
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Permanent
Magnet Field

Figure (1) PMDC motor equivalent circuit.

∑

Va

em

1
La(s) + Ra

ia

Te

The electrical equations

∑

1
J(s)+B
The mechanical equations

KФ

TL

Figure (2) The block diagram of the permanent magnet dc motor
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Speed(p.u)

Figure (3) The transfer function block diagram of the permanent magnet dc
motor without controller

time(s)

Figure (4) The operation performance for different speed responses of the
permanent magnet dc motor without controller
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Speed(p.u)

Figure (5) The block diagram of the permanent
Magnet dc motor with PI controller

time(s)
Figure (6) PI control Performance
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Figure (7) NARMA-L2 architecture

Figure (8) Testing data for Neural network
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Figure (9) Validation datafor Neural network

Figure (10) Training data for neural network
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Speed(p.u)

Figure (11) The block diagram of the permanent magnet dc motor
With NN controller

time(s)
Figure (12) NN control Performance
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