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Abstract—In the current paper a comparison between 
several control strategies for LED lighting application are 
presented. A classical method such as control with PI regulator 
is described. Also, several methods such as linearization, model 
predictive control and neural network are realized. The basic 
idea in this study is to find optimal solution suitable in multiple 
cases for control of DC-DC converters supplying LED lighting. 

Keywords—DC/DC converter, control, LED lighting. 

I. INTRODUCTION 

Recently, the studying of different methods for control of 
DC/DC converter for usage in LED lighting applications is 
significant interesting. In the current research several methods 
for control are presented and discussed. The main motivation 
for studying this methodology is to find optimal solution for 
control. 

The idea of artificial intelligence has 70 years. The 
founders of this concept are presented this solution in an 
academic conference [1]. Recently, due to the improvement of 
the advanced technology this idea has significant usage in 
various applications such as power electronics, electrical 
engineering, lighting and etc.  

The basic definition of the artificial intelligence is to allow 
the machine to work dependently and smart. This allows the 
determination of complex task even when there is a presence 
of incomplete data and uncertainty.  

Interesting application of the artificial intelligence is the 
control system of the power electronics. For producing power 
electronic converters the significant part of this process are the 
design of various topologies and sizing their components. For 
finding optimal solution it is necessary to determine 
optimization task for minimization of the losses, cost and 
volume of electronic elements. All these methods included in 
artificial intelligence such as linearization, model predictive 
control, power converter under load disturbance, voltage 
prediction, neural network control and PID controller tuning 
are studied in this work for find an optimal solution for control 
of the power electronic converters for application in LED 
lighting[2]. 

II. LINEARIZATION 

All control systems can characterized by two basic 
elements: control unit and object for regulation. The main 
problem of the control system is to maintain the input signal 

to the reference value.  This quantity is affected by one or 
more disturbing influences, deviating it from its set value. The 
controller receives information about this value and by 
comparing it with its set value it generates the so-called 
regulating effect. The most commonly used means of 
regulating the dynamic and static characteristics of a control 
system is the introduction of feedback. It may cover one or 
more units of the management system. Negative feedback is 
most often used to improve the dynamics of the management 
process, which is why it is found in all control systems. An 
example of such a system is shown in Figure 1. 

 
Fig. 1. Control system with feedback 

The model presented in this figure is in equilibrium. 
Taking into account the linearization of the plane P, for this 
equilibrium operating point of C by changing the input signal 
U, with a small amount of u and measuring the change of the 
output signal y. 

MATLAB / Simulink has a powerful tool from a series of 
connected blocks for modeling physical systems and control 
systems. Connecting input-output signals are mathematical 
operations. The tool developed in MATLAB / Simulink 
computes the matrices describing the nonlinear system in 
space of states A, B, C and D using linearization algorithms. 
A common method is by injecting a unit of relative value at 
the input of the system, taking into account the response of the 
outputs. The input interferences are described in the matrix B, 
and the matrix D describes the output parameters of interest. 

In order to linearize the model, the parametric input points 
for linearization of the input and the output parameters of 
interest in the scheme of the model must be determined. The 
defined linearization input parameter will determine the 
output response of the linearized model. Linearized models 
are calculated using numerical interference, injecting a small 
interference into the input signal and taking into account the 
system's response to this interference. 



The first step in the linearization process is to create or 
open an existing model in Simulink. The tool allows entering 
any number of inputs and outputs. 

 
Fig. 2. Block scheme of the realized model in MATLAB/Simulink 

In order for the linearized model to be accurate, it is 
important to interpret the results obtained. One of the methods 
for evaluating the results is by simulating the linearized model 
and comparing the output with the original model. 

Comparing the simulations of the original model with the 
simulations of the linearized model helps to determine 
whether the linearized system behaves in a similar way to the 
original model. 

The states of the inputs and outputs of the linearized model 
are determined as the operating point of the original model, 
using the following variables: 
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This means that when the original model is at the operating 
point x (t) = x0, u (t) = u0, y (t) = y0, the linearized model will 
be at the operating point δx (t) = 0, δu (t) = 0, δy (t) = 0. For 
an accurate comparison between the models, u0 is subtracted 
from the input values and x0 from the initial state values in the 
linearized model, after which y0 is added to the output signal. 
In the developed model this is not necessary, as we have 
chosen a default operating point. 

 
Fig. 3. Block scheme of the linearized model 

Figure 4 shows the output signal and the reference of the 
linearized model. 

 
Fig. 4. Output signal of lenearized model 

III. MODEL PREDICTIVE CONTROL 

To synthesize this type of control, the linear (linearized) 
system must be represented as follows: 

vA B u B v

y C

β= + +

=

x x

x


  (2) 

The system is discretized over time and the new system is 
obtained: 

( ) ( )
)()(

)()(1

kGky

kvFkuFkEk v

x

xx

=
++=+ β

 (3) 

where x is a vector of the state, y is output of the object and  
k is time cycle, v is a perturbation. 

With recursion from (3) it is obtained 
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Where j is the forward cycle, for which is realized the 
predictive control. 

The predicted value of the output of the system is: 
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From (5) is composed the vector of the predicted values of 
the output of the system for Np cycles. 
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Figure 5 shows the block diagram of the realized model 
with MPC controller. 

 
Fig. 5. Block scheme of the  MPC controller 

The generated MPC controller is imported into the model 
and the following results are simulated shown in Figure 6. 

 
Fig. 6. Output signal and reference 



IV. CONTROL WITH NEURAL NETWORK 

In MATLAB environment a mathematical model of 
nonlinear open system (Reference Model) is created.  

The controller approximates the function uy r → with a 
fractionally rational function. This function is realized with a 
two-layer neural network with a nonlinear first layer and a 
linear second layer. 

The training of the neural network is performed with batch 
training. The data with which the network is trained are 
realizations of trajectories of the system and of the control 
signal. They can be submitted both at the current time and with 
different delays (TDL). 

The realized function from this network is:  
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where y is the output of the object, u is the control action 

of the object, f and g are approximate functions which are 
obtained in the process of the network. 

The neural model (6) is linear regarding )(ku . Therefore, 

if we know the reference signal )1(ˆ)1( +=+ kyky , the 

control )(ku  it will be 
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A. Mathematical modeling of a buck converter 

In Figure 7 the block scheme of control with PI regulator 
is presented. The control is realized with adjustment of the 
output voltage and the reference value of the voltage and the 
PI regulator determine the signal from PWM generator. 

 
Fig. 7.  Block scheme of the control system with PI regulator 

In Fig. 8 and 9 are presented the mathematical model of a 
buck converter with PI regulator and with neural network, 
respectively. It is used the differential equations describing the 
operation of the DC/DC converter. 

 
Fig. 8. Mathematical model of a buck converter with PI controller 

 
Fig. 9. Closed loop system used for simulation with trained neural network 

 

Fig. 10. Open loop system used for training the neural network 

In the model in Simulink / MATLAB, where the control is 
based on the use of PWM and PI controller Figure 7, at this 
point the control with the PI controller is replaced by a neural 
network (NARMA controller). 

The training of the neural network is carried out with a 
random input signal corresponding to the specified restrictions 
and a reference output signal calculated by the open system. 
Learning error, neural "Plant" output and "reference model" 
are presented in Figure 11. 

 
Fig. 11. Data from the neural Plant  

 

V. RESULTS 

After training the NARMA controller with a closed system 
from Figure 6 the following results are simulated. Figure 12 
shows the output current of the neural network converter. 
Figure 13 shows a similar result, but realized with a PI 
controller. The simulation results of Figure 12 and Figure 
13show that the transients in the converter are established 
faster using neural network control. 



 
Fig. 12. Output current of the converter with neural network 

  

Fig. 13. Output curent and reference of the converter with PI controller 

VI. CONCLUSION 

By the reason of the specifics of the variable types of LED 
lighting and the complexity of the systems for their 
realization, the usage of basic control methods does not 
guarantee obtaining the characteristics of the devices. From 
this point of view, the usage of smart control systems such as 
linearization, neural networks, model predictive control, and 
model-based optimization are rather obligatory for application 
in the control of energy flows. This type of devices has a wide 
range of uncertainty related to their operation modes. 
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