
 

 

 

  

Abstract— In this paper, an Adaptive Neural Network Sliding 

Mode Controller (ANNSMC) design approach is proposed. 

Sliding mode control method is studied for controlling DC motor 

because of its robustness against model uncertainties and 

external disturbances, and also its ability in controlling 

nonlinear and MIMO systems. The main drawback of SMC is a 

phenomenon, the so-called chattering, which can excite 

unmodeled dynamics and maybe harm the plan, and sliding 

mode control cant adapt on desired position against external  

load torque. Different approaches are used to abate these 

drawbacks such as adaptive neural network and boundary 

layers. So the chattering is avoided and response of system is 

improved against external load torque here. Presented 

simulations results confirm the above claims and demonstrate 

the performance improvement in this case. 

 
Index Terms— Adaptive control, DC motor, neural network, 

robust control, sliding mode. 

 

I. INTRODUCTION   

In the industrial processes there are many systems having 

nonlinear properties. Moreover, these properties are often 

unknown and time varying. The commonly used 

proportional-Integral-Derivative (PID) controllers are simple 

to be realized, but they suffer from poor performance if there 

are uncertainties and nonlinearities [1]. 

 Recently much research has been devoted to the robust 

control systems, where the fuzzy logic, neural network and 

sliding-mode based controllers are applied [2-6]. 

The sliding mode control is robust to plant uncertainties 

and insensitive to external disturbances. It is widely used to 

obtain good dynamic performance of controlled systems. 

However, the chattering phenomena due to the finite speed of 

the switching devices can affect the system behavior 

significantly. Additionally, the sliding control requires the 

knowledge of mathematical model of the system with 

bounded uncertainties. Another method, popular in recent 

years, is based on [7-10]. 

The neural network controllers have emerged as a tool for 

difficult control problems of unknown nonlinear systems. 

Neural networks (NN) are used for modeling and control of 

complex physical systems because of their ability to handle 
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complex input-output mapping without detailed analytical 

models of the systems [11,12] 

There are many types of dc servo motors used in the 

industries in which rotor inertia is can be very small, and in 

this result, motors with very high torque – to – inertia ratios 

are commercially available. Servo systems are generally 

controlled by conventional Proportional – Integral –     

Derivative (PID) controllers, since they designed easily, have 

low cost, inexpensive maintenance and effectiveness. It is 

necessary to know system’s mathematical model or to make 

some experiments for tuning PID parameters. However, it has 

been known that conventional PID controllers generally do 

not work well for non-linear systems, and particularly 

complex and vague systems that have no precise 

mathematical models. To overcome these difficulties, various 

types of modified conventional PID controllers such as 

auto-tuning and adaptive PID controllers were developed 

lately. Also Fuzzy Logic Controller (FLC) can be used for this 

kind of problems. When compared to the conventional 

controller, the main advantage of fuzzy logic is that no 

mathematical modeling is required.  

In this paper the combined solution we have proposed and 

designed a robust and adaptive controller. We have used an 

adaptive linear neural network and a sliding mode controller 

with a boundary layer in the control law [13-15]. 

  

II. MODEL OF A DC MOTOR 

DC motors are widely used in industrial and domestic 

equipment. The control of the position of a motor with high 

accuracy is required. The electric circuit of the armature and 

the free body diagram of the rotor are shown in fig. 1 

 

 
Fig. 1: The structure of a DC motor 

 

A desired speed may be tracked when a desired shaft 

position is also required. In fact, a single controller may be 

required to control both the position and the speed. The 

reference signal determines the desired position and/or speed. 

The controller is selected so that the error between the system 

output and reference signal eventually tends to its minimum 
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value, ideally zero. There are various DC motor types. 

Depending on type, a DC motor may be controlled by varying 

the input voltage whilst another motor only by changing the 

current input. 

In this paper a DC motor is controlled via the input voltage. 

The control design and theory for controlling a DC motor via 

current is nearly the same. For simplicity, a constant value as a 

reference signal is injected to the system to obtain a desired 

position. However, the method works successfully for any 

reference signal, particularly for any stepwise 

time-continuous function. This signal may be a periodic 

signal or any signal to get a desired shaft position, i.e. a 

desired angle between 0 and 360 degrees from a virtual 

horizontal line. 

The dynamics of a DC motor may be expressed as: 
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With the following physical parameters: 

Ea: The input terminal voltage (source), (v); 

Eb: The back emf, (v); 

Ra: The armature resistance, (ohm); 

Ia: The armature current (Amp); 

La: The armature inductance, (H); 

J: The moment inertial of the motor rotor and load, 

(Kg.m2/s2); 

T: The motor torque, (Nm) 
ω  : The speed of the shaft and the load (angular velocity), 

(rad/s); 

φ
 : The shaft position, (rad); 

B:  The damping ratio of the mechanical system, (Nms); 

T k: The torque factor constant, (Nm/Amp); 

B k : The motor constant (v-s/rad). 

Block diagram of a DC motor is shown in fig. 2 

 

 
Fig. 2: The block diagram of a DC motor 

III. SLIDING MODE CONTROL 

A Sliding Mode Controller is a Variable Structure 

Controller (VSC). Basically, a VSC includes several different 

continuous functions that can map plant state to a control. 

Surface and the switching among different functions are 

determined by plant state that is represented by a switching 

function. Without lost of generality, consider the design of a 

sliding mode controller for the following second order 

system: Here u (t) is the input to the system: 

eqs uuu +=                                                                         (6) 

Where )/(. φssatku s −=  and constant factor  
φ

 defines 

the thickness of the boundary layer. )/( φssat  Is a 

saturation function that is defined as:  

�
�

�

�
�

�

�

>

≤

=

1     )/sgn(

1                

)/(

φ
φ

φφ
φ

s
ifs

s
if

s

ssat                                               (7) 

 

The function between us and φ/s  is shown in the fig. 3: 

  
Fig. 3: Switching surface in the phase plane 

 

The control strategy adopted here will guarantee the system 

trajectories move toward and stay on the sliding surface   s = 0 

from any initial condition if the following condition meets: 

sss η−≤
.

                                                                            (8) 

 Whereη  is a positive constant, which guarantees the system 

trajectories hit the sliding surface in finite time. Using a sign 

function often causes chattering in practice. One solution is to 

introduce a boundary layer around the switch surface. 

This controller is actually a continuous approximation of 

the ideal relay control. The consequence of this control 

scheme is that invariance of sliding mode control is lost. The 

system robustness is a function of the width of the boundary 

layer. 

The principle of designing sliding mode control law for 

arbitrary-order plants is to make the error and derivative of 

error of a variable is forced to zero. In the DC motor system, 

the position error and its derivative are the selected coordinate 

variables those are forced to zero. Switching surface design 

consists of the construction of the switching function. The 

transient response of the system is determined by this 

switching surface if the sliding mode exists. First, the position 

error is introduced: 

)()()( kkke ref θθ −=                                                        (9) 

Where )(krefθ  and )(kθ  are the respective responses of 
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the desired reference track and actual rotor position, at the k 

the sampling interval and e (k) is the speed error. The sliding 

surface (s) is defined with the tracking error (e) and its 

integral ( � edt ) and rate of change ( 
.

e ) 

�++= edtees 21

.

λλ                                                                (10) 

Where 
0, 21 �λλ

 are a strictly positive real constant. The 

basic control law of Sliding Mode Controller is given by  

U=-ksgn(s)                                                                                 (11)       

Where K is a constant parameter, sgn (·) is the sign function 

and S is the switching function.                                    

 

IV. ADAPTIVE LINEAR NEURAL NETWORK 

Adaptive linear networks are very simple artificial neural 

network that contains just one neuron with a few inputs and 

additional unit signal. Linear function is used as a transfer 

function. Due to limited skills of this structure Widrow and 

Hoff connected more of  ADALINE’s together and gave it a 

name MADALINE (Multiple ADALINE). Block diagram of 

an adaline network is shown in fig. 4. 

Despite the fact that ADALINE is able to solve only 

linearly separable problems, it has been shown in practice that 

they can approximate nonlinear functions with sufficient 

accuracy while using enough number of neurons. Because of 

their main advantage, that is very fast learning. 

The most popular learning method is simple LMS (Least 

Mean Square) algorithm (Windrow & Hoff, 1960), often 

called the Widrow-Hoff Delta Rule (Rumelhart et al., 1986), 

which is adopted in this paper. This method is based on the 

minimization of Mean Square Error (MSE). 
T

kk Xekwkw ')()1( η+=+                                                   (12) 

kekbkb ')()1( η+=+                                                                 (13) 

Where  η  , gain rate and kX  is network input vector. 

Where W (k) is previous weighting matrix, b (k) is previous 

bias vector. 

 
Fig. 4: block diagram of an adaline 

 

V.  DESIGN OF ADAPTIVE NEURAL NETWORK 

SLIDING MODE CONTROLLER 

In other to design a neural network sliding mode controller, 

we combine adaptive linear neural network and sliding mode 

controller. We use output of sliding mode controller to train 

the adaptive linear neural network. 

])([ 32

.
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Every controller abates drawbacks of another controller 

and improves the control application of a DC motor, and we 

can use advantages of both of controllers. The structure of 

sliding mode controller is shown in fig. 5 and the block 

diagram of ALNN is shown in fig. 6. 

 

 
Fig. 5: The block diagram of SMC 

 

 

 

 
Fig. 6: The structure of ALNN 

 

VI. SIMULATION RESULT  

  We design the proposed controller in 

MATLAB/simulink. To show uncertainties in model, we 

change the parameters of DC motor and to show external 

disturbances and external load torque, we use “random 

number” block with variance 10. Fig.7 is shown external 

disturbance and load torque to force to DC motor. 
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Fig. 7: external disturbances and load torque 

 

   

Although high gain rate lead to reduce training time but 

increase overshoot and settling time, so to compare ALNN 

and ANNSMC, we use gain rate 1.=η , so we present the 

response of a DC motor using ALNN, SMC, PID and 

ANNSMC. Fig. 8 shows the block diagram of ANNSMC with 

external load torque to control a DC motor. 

 

 
Fig. 8: block diagram of ANNSMC 

 

Fig. 9 shows the response of ALNN, PID, SMC, ANNSMC 

without Uncertainties, disturbances and external load torque, 

fig. 10 shows response of system against uncertainties in the 

system, fig, 11 shows the disturbance rejection of controllers. 

Fig. 12 shows the response of the system PID and SMC and 

fig.13 shows the response of ALNN controller and ANNSMC 

with a load torque. 

 

 
Fig. 9:  Simulation results comparison between the PID, SMC, ALNN and 

ANNSMC controller of a DC motor 

 

 

 
Fig. 9:  Simulation results comparison between the PID, SMC, ALNN and 

ANNSMC controller of a DC motor with uncertainties 

 

 

 
Fig. 9:  Simulation results comparison between the PID, SMC, ALNN and 

ANNSMC controller of a DC motor with external disturbance 

 

 

 
Fig. 9:  Simulation results comparison between the PID, SMC controller of a 

DC motor with external load torque 

 

 

 
Fig. 9:  Simulation results comparison between the ALNN and ANNSMC 

controller of a DC motor with external load torque 

 

 

The simulation results proved that PID controller is not 

robust against uncertainties, external disturbances and 

external load torque, SMC is robust against uncertainties and 

disturbances but when external load torque exists, the 

response of the system is unstable. Adaptive linear neural 

network is robust against external disturbances but is sensitive 
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against uncertainties and external load torque but its 

sensitivity against uncertainties is low and it can adapt on 

desired position soon but against external load torque is very 

sensitive and adapt on desired silently. its settle timing is 

lower than SMC and is the same with proposed 

controller(ANNSMC). Adaptive neural network sliding mode 

controller can provide the properties of insensitivity and 

robustness to uncertainties and external disturbances and can 

track desired trajectory against external load torque fast. 

 

VII. CONCLUSION 

In this paper, the adaptive neural network sliding mode 

controller proposed to control a DC motor, so we compare 

proposed controller with PID, classic SMC and ALNN, The 

simulation results proved that proposed controller is a robust 

and  insensitive controller and is  very well suited for systems 

with uncertain or unknown variations in plant parameters and 

structure and against disturbances and ANNSMC  satisfactory 

trajectory tracking can be achieved effectively against  

external load torque, and the high frequency chattering in the 

control input is eliminated by using the boundary layer 

technology.�The proposed scheme combines the benefits of 

the adaptive control, NN and Sliding Mode Control. 
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