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ABSTRACT 

 

DC-DC converters are highly considered in recent years because of the increased use of the renewable energy 
sources (RES). Since the energy output of the RES is depended on the weather conditions, DC-DC converters 

are used to regulate variable RES output. In this study, simulation based model predictive control (MPC) of a 
DC-DC buck converter is carried out. The performance of the designed controller is investigated under 

variable load condition and results are compared with PID controller. The transfer function of the converter 

model is used to design MPC controller in MATLAB/Simulink. MPC gives the better solution when it 
compared to PID controller under condition of constant load. The overshoot is not occurred when the 

predictive controller is used. PID provides better solution under the condition of load change whereas the 

overshoot is increased.  
Keywords: Model predictive control, buck converter, feedback control. 

 

 

 

 

1. INTRODUCTION 

 

DC-DC buck converter circuits include both linear and nonlinear parts. Switching devices 

make its structure nonlinear. A digital signal which is triggering signal of the semiconductor 

switches is used as an input signal of the system. The input and output voltage and current of buck 

converter should be in a specific interval as such in the other power electronics converters [1]. 

These constraints should be taken into account in the controller design. The system constraints 

and nonlinear parts are easily introduced the design in MPC method. This control method gives 

desired system response when it is used in a buck converter [2]. MPC is a control method which 

calculates the future values of the system behaviour using an accurate system model with 

predetermined criteria in the objective function. The system model should be as close as the real 

system and system mathematics should be well known  to obtain a better MPC. A well-known 

system model makes the parameter estimation easy [3]. There are some  studies in which different 

MPC approaches are used to control of a buck converter in the literature A nonlinear predictive 

control method approach has been applied in [4] for a buck converter. Robust predictive 

controller has been investigated in [5]. MPC method is applied to a buck converter including 
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nonlinear inductance and nonlinear capacitance in [6] and [7], respectively and fourth order buck 

topologies in [8].  

In this study, the output voltage of a DC-DC buck converter is controlled by  MPC method 

which is designed in MATLAB/Simulink environment. The system constraints are taken into 

account in the controller design process. The results are compared with PID controller. In the 

second section, brief descriptions of MPC and buck converter are given. Finally the simulation 

results are given in the third section. 

 

2. MPC AND DC-DC BUCK CONVERTER 

 

The general representation of a buck converter is shown in figure 1. MPC uses the output 

voltage and reference voltage as two inputs. The optimization procedure is carried out using a 

predefined criterion to calculate the optimal input sequence. The first term of this sequence is 

applied to PWM generator as an input. PWM generator produces optimal duty cycle ratio and 

apply it to switching element.   
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Figure 1. General block diagram of the system 

 

2.1. Model Predictive Control 

 

MPC method depends on an accurate system model. The future behaviour of the system is 

calculated with an optimization cost function based on receding horizon principle using current 

system values. The first element of the calculated input vector which is obtained every time step 

is applied to the system as a control input within a predefined optimization window. The basic 

principle of MPC is shown in figure 2.  At the current time instant 𝑘, the calculated control 

sequence ∆𝑈 is given below [9]. The first element of ∆𝑈 is chosen as an input at time instant 𝑘. 
 

∆𝑈 = [∆𝑢(𝑘) ∆𝑢(𝑘 + 1) ∆𝑢(𝑘 + 2)    . . . ∆𝑢(𝑘 + 𝑁𝑐 − 1)   ] 
𝑢(𝑘) = ∆𝑢(𝑘) + 𝑢(𝑘 − 1) 
 

The discrete time model of a linear time invariant system is given in (1) and (2), respectively. 
 

𝑥(𝑘 + 1) = 𝐴𝑥(𝑘) + 𝐵𝑢(𝑘 − 𝑟)                                                                                                    (1)  
 

𝑦(𝑘) = 𝐶𝑥(𝑘)                                                                                                                                 (2) 
 

The predicted state and output equations for the discrete time LTI system is given in (3) and 

(4), respectively.  
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�̂�((𝑘 + 𝑗|𝑘)) = �̂��̂�((𝑘 + 𝑗 − 1|𝑘)) + �̂��̂�((𝑘 + 𝑗 − �̂�|𝑘))                                                           (3) 
 

�̂�((𝑘 + 𝑗|𝑘)) = 𝐶�̂�((𝑘 + 𝑗|𝑘))                                                                                                      (4) 
 

The cost function is given in (5). It is defined as a quadratic programming. 𝑄𝑤 and 𝑅𝑤 are the 

weigth matrixes that should be chosen properly taken into account the system model. The 

objective function 𝐽 is calculated in every time step within the optimization window [9]. 
 

𝐽 = (𝑅𝑠 − 𝑌)𝑇𝑄𝑤(𝑅𝑠 − 𝑌) + ∆𝑈𝑇𝑅𝑤∆𝑈                                                                                       (5) 

 

 
 

Figure 2. Basic principle of Model Predictive Control 

 

2.2. DC-DC Buck Converter  

 

A buck converter is a switch mode power electronic circuit which steps down input DC 

voltage to a lower value output DC voltage. Schematic of the proposed converter is given in Fig. 

3. The converter consists of an inductor (L), output capacitor filter (C), switching element (Q), 

diode (D) and resistor (R) as a load. 
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Figure 3. The circuit diagram of buck converter 

 

Buck converter operates in two-state. The first state is the switch On-state and the other state 

is the switch Off-state. These states are briefly described in the following sections, respectively. 
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2.2.1. Switch On-state 

 

In this state, the diode is reverse biased and the inductor is charged by input voltage as seen in 

Fig. 4. The equations of this state is given in (6-10). 
 

𝑉𝑖𝑛 = 𝑉𝐿 + 𝑉𝑜                                                                                                                                  (6) 
 

𝑉𝑖𝑛 = 𝐿
𝑑𝑖𝐿

𝑑𝑡
+ 𝑉𝑜                                                                                                                              (7) 

 

𝑑𝑖𝐿

𝑑𝑡
=

𝑉𝑖𝑛−𝑉𝑜

𝐿
                                                                                                                                     (8) 

 

𝑉𝑜 = 𝑉𝑐                     𝑖𝑐 = 𝐶
𝑑𝑉𝑜

𝑑𝑡
                                                                                                          (9) 

 

𝑑𝑉𝑜

𝑑𝑡
=

1

𝐶
(𝑖𝐿 −

𝑉𝑜

𝑅
)                                                                                                                            (10) 
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Figure 4. Switch On-state of a buck converter 

 

2.2.2. Switch OFF-state 

 

In this state, the diode is forward biased. The charged inductor behaves as a current source 

and linearly discharged. The differential equations of this state is given in (11-12). The schematic 

of this state is also shown in Fig. 5. 
 

𝑑𝑖𝐿
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= −

𝑉𝑜

𝐿
                                                                                                                                      (11)  
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=

1

𝐶
(

𝑖𝐿−𝑉𝑜
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)                                                                                                                               (12) 
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Figure 5. Switch OFF-state of a buck converter 

 

The equations belong to aforementioned states are used to obtain average model of the 

converter. The average model equations are given below.  
 

�̇�1 = −
1

𝐿
𝑥2 +  

𝑑

𝐿
𝑉𝑖𝑛                                                                                                                      (13) 
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�̇�2 = −
1

𝐶
𝑥1 +  

1

𝑅𝐶
𝑥2                                                                                                                     (14) 

 

Table 1.  The parameters of the converter 
 

Parameters Symbol Value 

Load 𝑅 20 Ω 

Inductance 𝐿 3.23mH 

Capacitance 𝐶 6300µF 

Input voltage 𝑉𝑖 10 V 

Reference voltage 𝑉𝑟 4 V 

 

3. SIMULATION RESULTS  

 

MPC method is used to control output voltage of the buck converter in order to obtain desired 

output voltage without oscillations and fluctuations. The designed controllers are tested under 

variable load. The system constraints are taken into account. In Fig. 6, the results are obtained 

with the prediction horizon 𝑁𝑃 = 10 and the control horizon is 𝑁𝐶 = 6. For the tuning of PID 

parameters, trial-error method is used. There is no overshoot when the MPC is used and 

oscillation in the output signal is observed when PID is used as seen in Fig. 6. With the new 

parameters  𝑁𝑃 = 20 and 𝑁𝐶 = 19, the system response is showed in Fig. 7. The result is 

examined under condition of variable load and constant reference. PID gives better performance 

compared to MPC as seen in Fig. 8. Because MPC controller depends on accurate system model. 

The result is shown in Fig. 8.  

 

 
 

Figure 6. System results with MPC and PID controller: Np=10, Nc=6, Kp=0,Ki=20,Kd=0 
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Figure 7. System results with MPC and PID controller: Np=20, Nc=19, Kp=10,Ki=20,Kd=0.1 

 

 
 

Figure 8. System results with MPC and PID controller under condition of variable load 
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3. CONCLUSION  

 

The output voltage of a DC-DC buck converter is controlled by using MPC in this study. The 

controller is designed in MATLAB/Simulink and the constraints in the system such as voltage 

limitations are taken into account in the controller design process. The reference tracking of 

output voltage is aimed in the designed controller. The results are compared with PID controller 

and effectiveness of MPC is evaluated.  
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