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Abstract—The BLDC motors are widely used in industrial 

applications. The load characteristic and controller are 

important to obtain optimum performance in the speed control of 

the BLDC motor because some problems are occurred in speed 

control of nonlinear loads which is used the conventional control 

methods. The single link manipulator used in robotic applications 

is a nonlinear system for control algorithms. The load of motor is 

determined on considering the conversion ratio of the reducer 

box. In this study, a single link manipulator system consist of 

BLDC motor, reducer gearbox and robot arm is controlled by 

using NARMA-L2 controller as known modern control method 

in used the control of the nonlinear systems. The NARMA-L2 

controller is based on neural network. The single link 

manipulator system is analyzed by using MATLAB/Simulink 

environment. The speed control of the BLDC motor is performed 

in conditions the constant and nonlinear load. The results show 

that the speed control of BLDC motor is performed the high 

performance in nonlinear loads. 

 
 

Index Terms—BLDC motor, Neural networks, NARMA-L2 

controller, Single link manipulator. 

 

I. INTRODUCTION 

HE BRUSHLESS direct current (BLDC) motors are 

widely used in industrial applications such as automotive 

technology, appliances, medical, industrial automation 

equipment, and aerospace application. The BLDC motors are 

used owing to their low weight, high power density, high 

efficiency, and high reliability [1].  

The some problems such as steady state error, high 

overshoot and control response error are occurs in the speed 

control of the nonlinear loads. Nowadays, there are many 

industrial systems with non-linear parameters such as single 

link manipulator which is most basic part in robotic systems. It 

is difficult to achieve a nonlinear manipulator load using 

conventional control methods with high-speed tracking. The 

conventional control methods have been applied to various 

types of manipulators in the literature [2]. The nonlinear 

parameters of the single link manipulator load can be 

explicitly defined. These parameters are the gravitational 
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force, the mass of the load, the position of the manipulator and 

the viscous friction. The modern control method is used to the 

control of nonlinear systems. The real-time applications using 

Nonlinear Autoregressive Moving Average (NARMA-L2) 

control method has been performed for a single link 

manipulator [3-4].  

An adaptive control method has been developed for the 

small signal inputs that NARMA is unsuccessful and 

situations where NARMA model is unknown [5]. The 

NARMA-L2 controller has been used to control of the 

induction motors.  The three-phase induction motor has been 

controlled by using PID, fuzz logic and NARMA-L2 control 

methods and the obtained results have been compared [5-8]. 

The simulation of the induction motors’ control has been 

performed by using PI, NARMA-L2 and fuzzy logic and more 

high performance has been obtained by using NARMA-L2 

controller method than others control methods [9].  

At the same time, NARMA-L2 controller has been used to 

control the speed of the different motor types. The speed 

control of DC motor has been performed using PID and the 

NARMA-L2 controllers and the results obtained have been 

compared among themselves [10]. The NARMA-L2 controller 

has been used to many applications apart from motor control 

applications. NARMA-L2 controller and PID controller have 

been used for control of the scaled-model helicopters. The 

superiority performance of the NARMA-L2 controller is 

demonstrated by the simulation [11].  

In another study, a pendulum has been connected to the 

flywheel and a gyroscope inverter pendulum (GIP) has been 

performed. The real-time application of the GIP control has 

been achieved using NARMA-L2 controller [12]. A novel 

adaptive NARMA-L2 controller has been implemented to 

control of the nonlinear systems and the novel controller has 

been based on support vector regression (SVR). Against the 

measurement noises and uncertainty of the system parameters 

have been analyzed the controller durability. As a result of, the 

proposed control method is quite successful in suppressing 

measurement noise and uncertainty of the system parameters 

[13]. The synergy control has been proposed for a robot arm to 

follow a certain orbit. This control consists of a combination 

of the NARMA-L2 and the PD controller and has been 

obtained a very high performance [14]. 

 The control of unmanned aerial vehicles is quite difficult 

due to the dynamic of the vehicle has a non-linear structure. 

The NARMA-L2 controller has been used to control the 

unmanned aircraft and the controller successful has been 

shown in simulation results [15]. A simulation has been 

performed to analyze instant changes of the two-area power 

system, which has been controlled by using PID, fuzzy logic 
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and NARMA-L2 controller. The controller performance has 

been compared in different situation [16].  

A new MIMO ANFIS-based NARMA-L2 controller has 

been proposed and compared with other PI, PID, Fuzzy, GA 

and PSO controlled Fuzzy logic controls. The superiority of 

the proposed method in low tracking error and time response 

behaviors has been demonstrated by the simulation [17].  

The NARMA-L2 controller has been implemented to obtain 

the optimum performance from maximum power point 

tracking algorithm which is used in photovoltaic water pump 

system. The performance of the PID and NARMA-L2 

controller has been compared and superiority performance of 

the NARMA-L2 controller has been shown in simulation 

environment [18]. GA-adjusted Fuzzy system controller and 

NARMA-L2 controller have been implemented by using a 

simulation study for 5-degree of freedom robotic system. The 

simulation of the system has been performed in 

MATLAB/Simulink environment and obtained results have 

been compared [19]. 

In this study, the speed control of the BLDC motor is 

performed by using NARMA-L2 controller in 

MATLAB/Simulink environment at conditions constant load 

and nonlinear load. A single link manipulator is used as the 

nonlinear load. This manipulator is driven by a dc gear-motor. 

The nonlinear load and inertia of the manipulator is degraded 

to the motor side. Thus, the angular position control of the 

motor is obtained similar to the real system. The results are 

analyzed by using MATLAB / Simulink environment. 

II. MODELLING OF SINGLE LINK MANIPULATOR 

The control of electric motors is quite difficult in nonlinear 

loads. The conventional control methods are caused some 

problems in nonlinear loads such as steady state error and 

failure to adapt at unexpected situations. Nowadays, the 

nonlinear control methods are preferred to obtain high 

performance in control of the nonlinear loads. A single-link 

manipulator is widely used as the basis for studies in the 

robotic system control. The single link manipulator is 

nonlinear loads for the BLDC motor. In this study, a single 

link manipulator is used to control the speed of the BLDC 

motor.  

Today BLDC motors are preferred as actuators, especially 

for the movement of industrial robot arms. The most important 

reason of this motor are preferred; high efficiency, high 

power/volume density, stable operation, lack of brushes and 

physical commutator and good dynamic response. The speed 

of the BLDC motors used in robotic applications can 

sometimes up to 20.000 rpm. The output speed of the gearbox 

is reduced and its torque is increased by using a step-down 

gearbox between the robot arm and the motor, assuming that 

the output power of the gearbox is equal to the output power 

of the motor. The single link manipulator is shown in Fig. 1. 

The drive of BLDC motors are preferred six-step switching 

due to simple structure. In this technique, two phase windings 

are in connection at any time. It can be expressed by the 

equations of the conventional DC motor when a BLDC motor 

is controlled by a six-step switching technique. The voltage 

and torque of motor are obtained as shown Eq. (1) and Eq. (2), 

respectively. 

 

Fig.1. Single-link manipulator 
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where V is the motor voltage, is is the motor current, Rs is 

motor winding resistance, Ls is winding inductance of the 

motor, Ke is speed constant, 
m

  is motor angular velocity, Tm 

is the developed torque by the motor, TL is load torque, Jm is 

inertia of the motor, Bm is friction coefficient of the motor, Kt 

is torque constant of the motor.  
The load torque applied to motor is given in Eq. (3). The 

ratio of the gearbox connected to single link manipulator is 

taken into account when the load torque is calculated. The 

conversion ratio of the gearbox is given as shown in Eq. (4). 

The motor speed can be derived from the positon of the motor 

as shown in Eq. 5. The load torque of the single-link 

manipulator and the developed torque from the motor shaft are 

given in Eq. (6) and Eq. (7), respectively. 
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where 
L

 is angular velocity of the load, BL is the friction 

coefficient of the load, u is the ratio of the gearbox, m is the 

mass of the load, L is the arm length, g is the force of gravity. 

III. DESIGN OF NARMA-L2 CONTROLLER 

Artificial Neural Network (ANN) based control methods are 

popular due to their skills, learning, and approach in control of 

nonlinear systems. These control methods are frequently used 

in the control and identification of dynamic systems in recent 

years. One of the most suitable methods is NARMA-L2 

controller for controlling time-dependent and nonlinear 

systems. NARMA-L2 controller consists of two steps such as 

determination of the system to be controlled and design of 

system control. 

The behavior of the nonlinear discrete time system is 

examined in the system determination step is shown in Eq. 8. 
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where u(k) and y(k) are system input and system output, 

respectively. m and n are the measured delay values of the 

inputs and outputs, respectively. d is relative degrees. 

Multilayer neural networks can be used to define N nonlinear 

function.  

If the system follows a reference, the nonlinear controller 

can be shown as Eq. 9. Neural network training can be used to 

determine the G function that minimizes the mean square error 

using the back-propagation algorithm. In this case, the 

NARMA-L2 controller can be obtained as in Eq. 10. 
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The advantage of this form of reference system outputs can 

be solved for the control input that causes the tracking. The 

obtained controller is shown in Eq. 11. 
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However, it is not practical to define the input that depends on 

the output. For this reason, Eq. 12 is used for system definition 

for d≥2. 
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The NARMA-L2 controller is obtained as shown in Eq. 13. 
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The general form of the NARMA-L2 controller is illustrated 

in Fig. 2 as the simplest structure. The hidden layer also has 

only one neuron. However, more neurons are needed in 

practice. At the same time, the number of delayed inputs is 

also important because the degree of the system model is 

unknown. The NARMA-L2 controller must be connected to 

the system as shown in Fig. 3 after the training process is 

completed. The DC motor and the system parameters used in 

this study are given in Table I. 
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Fig.2. The simplest form of NARMA-L2 controller 
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Fig.3.  The block diagram of NARMA-L2 controller connected the 

system 
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TABLE I 
THE PARAMETERS OF THE DC MOTOR AND THE SYSTEM 

 

Symbol Unit Parameter Value 

V V Nominal voltage 48 

R Ω Terminal resistance  1.03 

L mH Terminal inductance  0.204 

is A Nominal current 4.06 

Kt mNm/A Torque constant 44.8 

Ke rpm/V Speed constant 213 

ωm rpm Nominal speed 9250 

Tm mNm Nominal torque 170 

Jm kgm2 Torque of the total inertia  0.0000101 

Bm Nms/rad Friction constant of the 

motor 

~0 

BL Nms/rad Friction constant of the 

payload 

0.0001 

m kg Mass of the payload 1 

g m/s2 Gravitational force 10 

L m Length of manipulator 

arm 

1 

u  Conversion ratio of 

reduction gear 

100 

IV. SIMULATION RESULTS 

The simulation is performed by using MATLAB/Simulink 

environment. In this study, the size of hidden layers is 

determined as 20, the number of delay inputs is taken as 3 and 

the number of delay outputs is taken as 2. These data are 

usually obtained by performing simulation study. The sample 

time of the network is 0.001s and the number of data input and 

output trained by neural network is 10000 in this time. The 

results of the system identification and neural network training 

in MATLAB/Simulink environment are shown in Fig.4. The 

system input and output, NN output and the error between 

system output and NN output are given in Fig. 5. 

 

Fig.4.  The plant identification of the NARMA-L2 and NN training in 

MATLAB/Simulink environment 
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Fig.5. The system input, the plant output, the NN output and error between 

plant output and NN output after the NN training 

A speed control simulation of a DC motor, gear and single-

link manipulator reduced by dc motor in MATLAB/Simulink 

environment is performed as illustrated in Fig.6. At the same 

time, the simulation is performed to control the speed of dc 

motor under constant load by using NARMA-L2 controller. 

 

Fig.6. The control of   motor by using NARMA-L2 in condition single-link 

manipulator load and constant load. 

The desired speed of the motor is applied in the reference 

input in radians as shown in Fig. 7. The speed of the 

manipulator connected to the output of the gear is as low as 

the conversion ratio. The torque of the single-link manipulator 

is applied to the motor as a load. The gearbox conversion ratio 

is included in the system when the motor load torque is 

calculated.  

Fig. 7 shows the results of the simulation. The simulation 

results showed that the motor speed is tracked to the various 

reference inputs as desired. 

In Fig.7, the load applied the motor is given as 0.15 Nm. The 

motor speed is track the reference speed with a low error. The 

overshoot is almost zero in transient response. In addition to, 

the speed of motor is catch the reference speed without 

oscillation. The motor speed of the single link manipulator is 

shown in Fig. 8. 
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Fig.7. The motor speed under constant load. 

 

 
Fig.8. The motor speed under single link manipulator load. 

 

The gearbox conversion ratio and other system parameters is 

consider   while the torque applied to the motor is calculate. 

The simulation of motor load is performed by using Table 1. 

The speed of the motor tracks the reference speed 

approximately zero overshoot and very quickly, as seen in 

Figure 8. This demonstrates the success of the NARMA-L2 

controller in controlling the nonlinear systems. Fig. 9 shows 

the motor speed reaching up to reference speed between 14.5 th 

and 15.5th seconds. 

 

 

Fig.10. The result of simulation between 14.5th and 15.5th seconds. 

V. CONCLUSION 

The single link manipulator is nonlinear system due to 

nonlinear loads. The control of the nonlinear loads is 

performed by using nonlinear control methods because the 

conventional control methods is insufficient in the control of 

this loads.  NARMA-L2 controller is the nonlinear control 

method which is used neural network. In this study, the speed 

of ta single link manipulator has been controlled by using 

NARMA-L2 controller. The controlled system consists of a dc 

motor, a reducer gearbox connected between the motor and a 

single-link manipulator. Different speed values are applied to 

the NARMA_L2 controller input as reference for 40 seconds. 

The simulation has been performed under condition both 

constant load and single link manipulator load. As a result of 

the simulation study, the speed of the motor is tracked by high 

accuracy with reference speed in both load condition. This 

study showed that the NARMA controller could be used in 

both constant loads and nonlinear loads such as single link 

manipulator. 
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