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This article aims to propose an adaptive control system for the direct current
motor driver based on the neural network. The control system consists of two
neural networks: the first neural network is used to estimate the speed of the
direct current motor and the second neural network is used as a controller.
The plant in this research includes motor and the driver circuit so it is a
complex model. It is difficult to determine the exact parameters of the plant
so it is difficult to build the controller. To solve the above difficulties, the
author proposes an adaptive control system based on the neural network to
control the plant reach the high quality in the case of unknowing the
parameters of the plant. The results are that the control quality of the system
is very good, the response speed always follows the desired speed and the
transition time is small. The simulation results of the neural network control
system are shown and compared with that of a PID controller to demonstrate
the advantages of the proposed method.
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1. INTRODUCTION

The Direct Current (DC) motor is one of a traditional electric motor. In comparison to the other
electric motor such as brushless DC motors [1], induction machine [2], [3], the DC motor has superior
features such as the large electromagnetic torque, the simple control structure and the adjust ability of the
speed in a wide range. Thus, the DC motor is still very popular in the application of industrial areas required
the high-quality motion, such as mining, transportation, steel rolling, etc. So, the performance development
of motor applications is very important. There are many research for controlling DC Motors such as [4]-[7],
the most common method is using the Proportional-Integral-Derivative (PID) controllers. However, in
several working modes of the DC motor, the characteristics of the DC motor are nonlinear so the PID
controller is not suitable, the quality control is low.

There is some research about controlling the nonlinear objects such as the backstepping control
method [8], the sliding mode control method [9], the linearization technique [10], etc. The limitations of the
above methods are that the difficult problem with the choice of appropriate Lyapunov function and the
chattering phenomenon's existence. There is a solution to control the DC motor that has achieved high-
quality, such as the control method based on the flatness principle [11]. However, the limitation of this
solution is the need of knowing exactly the parameters of the DC motor.

To overcome all the limitations of the previous method, in this study, the author proposes a solution
to build a control system based on the Neural Network of Model Reference Adaptive Architecture. The
advantages of control systems using neural network are that the system can control both linear and nonlinear
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objects. The system can work well without knowing the parameters even without knowing the structure of
the plant. The controller can adjust, to adapt itself to the different status of the plant.

2. BUILDING THE DRIVER CIRCUIT
2.1. The structure and the equation of the DC motor
The diagram of a separately excited DC Motor is presented as Figure 1 [11], it includes:
a. The field windings are in the stator, they are used to excite the field flux.
b. The armature coils are on the rotor, they are supplied current via brush and the commutator.

Armatare

+

Figure 1. The diagram of a separately excited DC Motor

The mathematical equations of DC Motors are as follows:
c. The voltage equation:
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Where U, is the armature voltage; R,, L, is the armature resistance and inductance.
d. The electromotive equation:

E=Keo=(L,i;)oV) @)

Where o is the speed of the rotor, K¢ is the coefficient of voltage, if is the winding field current,

L, is the field armature mutual inductance.
e. The motion equation:

d
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Where J is the inertia, Te is the electromechanical torque, TL is the torque which impact to the

shaft, B, is the coefficient of the viscous friction, T is the coulomb friction torque.
f.  The electromechanical torque equation:

T, =K, =(Ly 4, )0, (N.m) (4)

Where K; is the coefficient of the torque.

2.2. Building the power circuit
The field winding is connected to a constant DC voltage source. To control the motor speed, we
only need to change the current supplied to the armature coil of DC motor, according to (4), the
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electromechanical torque (Te) will be changed. According to (3), if the electromechanical torque Te is
changed, the motor speed is changed.

In addition, to increase the flexibility, the DC motor must be able to reverse the rotation. So, the
power circuit is connected in the H form, it has four switches Q1-Q4. If we need the DC motor rotates right,
we control Q1 and Q4 are on, Q2 and Q3 are off. Conversely, if we need the DC motor rotates left, we
control Q1 and Q4 are off, Q2 and Q3 are on. The power circuit of the DC motor is shown in Figure 2.
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Figure 2. The power circuit of the DC motor

In the power circuit, to change the current fed into the armature coil 1, , we change the pulse fed

into the switches based on Pulse-Width Modulation (PWM) method. The PWM is a method, which is that
using a rectangular pulse wave with the value of width (T) is variable and the value of duty cycle (D) is
constant. The graph example of the PWM modulation is shown in Figure 3.
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Figure 3. The graph of the PWM modulation

3. BUILDING THE CONTROL SYSTEM BASED ON THE NEURAL NETWORK
3.1. The control object

On the basis of the power control circuit, we define the control object, the input is the value of width
pulse with the range value is (0-1), the output is the motor speed. To represent the relationship between the
input and the output of the control object, we run the system in the case the pulse width value changes from
0.6 to 1, the result is shown in Figure 4.

The Figure 4 shows that if the pulse width increases, the motor speed increases and if the pulse
width decreases, the motor speed decreases. However, the relationship between the pulse width (the input of
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the control object) and the speed (the output of the control object) is a complex relationship so it is difficult to
determine the exact equation of this relationship. Thus, the author proposes the control solution based on
neural network, because the neural network controller is highly adaptable and self-adjust fit the status of the
control object.
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Figure 4. The the graph of the pulse width and the motor peed

3.2. The model reference control system using neural network

In the dynamic systems, the disturbance, friction and unknown parameter are the main reasons to
reduce the control quality. To solve that problem, in this research, the author builds an artificial neural
network for controlling the system. A neural network includes many simple components, these components
are the single-input neuron or the Multiple-Input Neuron, are shown as the Figure 5 [12].

Inputs  General Neuron Inputs  Multiple-Input Neuron

p wn a
‘b
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Figure 5. The component of neural network: (a) the case of single-input, (b) the case of multiple-input

In the case of singer-input, the output of the neuron is calculated as (5):

a=f(w.p+b) (®)

Where p is the scalar input, w is the scalar weight, b is the bias, f is the transfer function, a is the scalar
neuron output. The scalar weight w and the bias b are adjusted by the learning rule in order for the
relationship between the neuron input and neuron output meets the mission goal. The transfer function is a
linear or a nonlinear function, the transfer function is chosen by the designer.

In the case of multiple-input, the neuron network includes R inputs. Thus, p is the vector which
includes R inputs py, pa,.., Pr. W is the weight matrix which includes wy 1, Wy 5,.., Wy g . The diagram is shown in
Figure 4(b), the output of the neuron network is calculated as (6):

a=f(w.p+b) (6)

Usually, a neural network has several layers. Each layer has a bias vector (b) and a weight matrix
(w) and an output vector (a). Example, Figure 6 shows the network neural with three layers, the outputs of
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the first layer is the input of the second layer, the outputs of second layer is the input of the third layer. The
output layer is at once with whose output is the network output, the other layers are named hidden layer.

Firt layer Second layer Third layer
Input (Hidden layer) (Hidden layer) (Output layer)

@®
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52x1

Figure 6. The neural network with three layers

A number of neural network control architectures have been proposed [13]-[15]. In this research, the
author will use the Model Reference Control Architecture [16], [17] for controlling the driver circuit of DC
motor. The control architecture is shown in the Figure 7. It is included two neural networks: the neural
network controller and the neural network plant model.

The neural network controller creates the suitable control signal fed into the plant in order to control
the plant output value as close as possible to the desired value. This desired value is determined by the
reference model. The control error between the plant output value and the reference model output value is
used in the adaptive algorithm to adjust the controller parameters.

In reality, the plant parameters are unknown, so the adaptive algorithm updates the controller
parameters in order that the control error asymptotically equals zero. The detailed Model Reference Control

Structure is shown in the Figure 8.
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Figure 7. The model reference control architecture for controlling the driver of DC motor
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Figure 8. The detailed model reference control structure
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3.3. Training the neural network

The control system of neural network includes two parts. The first one is the neural network of
reference model which is used to estimate the motor speed. The second one is the neural network of
controller, which is used to generate a control signal for controlling the plant (the converter).

To set the control system, firstly we must train the neural network plant model. After the plant
model is identified, we train the neural network controller in order for the plant output follows the reference
model output. In this research, we set these neural networks included two layers, the activation functions of
the hidden layer is sigmoid function, the activation functions of the output layer is a linear function. These
neural networks are trained by back-propagation update rules. The training results of the neural network are
shown in Figure 9.
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Figure 9. The training results of the neural network

4. RESULTS AND ANALYSIS
4.1. The control schemes

To demonstrate the advantage of the proposed neural network controller, we run the simulation in
two cases: the PID controller, and the neural network controller. The control system structures are shown in
Figure 10.
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Figure 10. The control schemes: (a) in the case of PID controller, (b) in the case of neural network
controller

The parameters of the PID controller are determined by the process of experiment and many times
of the adjustment, the optimal parameters of the PID controller are as follows: Kp=0.02, Ki=0.05, Kd=0. The
DC motor parameters are shown in Table 1.

Table 1. The DC Motor Parameters
Ra(Q) La(H) Rf(Q) Lf(H) Laf(H) J(kg.m”™2) Bm(N.m.s) Tf(N.m)
2.61 0.031 2725 161 1.12 0.031 0.0032 0.48
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4.2. The simulation results

In the case of the PID controller, the simulation results of the control system are shown in Figure 10.
In the case of the neural network controller, the simulation results of the control system are shown in
Figure 11. Each simulation result consists of the following characteristics: the desired speed, the actual speed
of the DC motor. In addition, to express the objectivity of the simulation results, the simulation results also
show the graph of the armature current, the load torque.

The simulation results show that: In the case of PID controller, the system has also met the control
requirements. However, the quality of control is not as good. For example, the overshoot is high,
the transition time is long. In the case of neural network controller, the quality of the system has improved a
lot. The overshoot is low, the transition time is small. The simulation results in the case of neural network
controller as shown in Figure 12.
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Figure 11. The simulation results in the case of PID controller
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Figure 12. The simulation results in the case of neural network controller

The neural network-based control system of direct current motor driver (Trong-Thang Nguyen)



1452 O ISSN: 2088-8708

5. CONCLUSION

In this research, the author has succeeded in building the neural network- based model reference
control system for controlling the driver circuit of the DC motor. The system has controlled the control object
achieved the high-quality in the conditions without knowing the parameters and structure of the control
object. The results have been verified through the simulation on Matlab and compared in the traditional PID
controller. The results show that the quality of the proposed neural control system has been greatly improved.
The response speed of the DC motor always follows the desired speed with the short transition time. The
success of this research will be the basis for further research. In the next research, the author will install the
neural network control algorithm on the microcontroller for controlling the real plant.
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