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Abstract: This work aims to present a model-free predictive control (MF-PC) technique 

that is robust to parameter and model changes to control a boost converter. The MF-PC 

proposed is based on calculating and updating the value of the current slope in the inductor 

at each sampling instant and using it to predict the future value of the current to define the 

optimal state to apply in the next step. To evaluate the performance of this proposal, a fair 

comparison is made between MF-PC and classical finite control set model predictive con-

trol (FCS-MPC) under reference changes and physical converter parameter variations in a 

boost converter. The experimental results show that the proposed method is robust against 

parameters and model changes compared to FCS-MPC. Additionally, the proposed con-

troller reduces the number of sensed variables compared to the conventional FCS-MPC 

and has the simplicity required for converters operating at high frequencies. 

Keywords: boost converter, digital control, power electronics, predictive control 

 

 

1.  Introduction 

 

In recent decades, model predictive control (MPC) has received significant attention within 

the academic field, generating a variety of research articles dedicated to its review, applications, 
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and theoretical results [1–5], this is due to its favorable characteristic of working with non-linear 

systems, generally restricted, with multiple inputs and outputs in a clear and unified manner [6]. 

Particularly, in the field of power electronics, as an alternative to classic linear control strategies, 

various proposals for digital controllers derived from predictive control have emerged, generally 

applied to converters and electrical drives [7, 8]. Thus, taking advantage of the benefits it has 

over this type of system, such as its intuitive and easy-to-understand concepts, its ability to work 

with multiple switches and objective variables to control, the constraints and nonlinearities that 

can be easily included, and the resulting controller which is generally easy to implement [6]. 

Model-free predictive control theory has emerged as an alternative to conventional MPC to 

address problems arising from poor model estimation or the loss of model accuracy, mainly 

caused by variations in the system’s environmental conditions or operating point [9–11]. 

Besides the fact that it is not possible to know with certainty the model of the system to be 

controlled, either due to its high mathematical complexity or because, on some occasions, it has 

yet to be known a priori what will be connected to the system [9]. In any case, the MPC control 

will degrade, which will cause sub-optimal operation. 

Although MPC is widely used in power electronics, most of the applications reported in the 

literature have been focused on ac-dc and dc-ac converters [12–14]. This is also the case with 

MF-PC applications, with few works focused on dc-dc applications. However, the increase in 

the implementation of microgeneration systems, supported by the growth of dc-based renewable 

energies, such as PV systems and other dc-powered loads, promotes dc-based energy 

distribution on a residential scale, this being supported by several studies that highlight the 

potential of dc microgrids and their involved dc-dc converters, minimizing energy losses during 

its distribution [15–17]. Therefore, more efficient dc-dc converters with lower costs, higher 

reliability, and reduced output current ripple are expected to drive the increased deployment of 

residential dc microgrids. 

Additionally, dc-dc power converters have an important role in various energy applications, 

such as aircraft, electric vehicles, ships, dc homes, data center and microgrids [18]. This 

evidence shows the need to evaluate and study novel approaches to the elements involved in 

this type of converter, as is the case of promising control strategies such as MF-PC. 

Considering those mentioned above, this paper proposes MF-PC on the dc-dc boost 

converter, shown in Fig. 1, to estimate the inductor’s positive and negative current slopes with 

high accuracy and low computational cost. Based on the comprehensive review of state-of-the-

art regarding control design for dc-dc converter applications based on MF-PC, this research 

makes the following contributions: 

1. A new control with simple implementation and low computational cost is proposed, 

capable of operating at high frequency, required in dc-dc converter applications. 

2. The proposed control is a model-free strategy independent of the converter modeling 

or parameters, depending only on the inductor current slopes. 

3. Compared to conventional MPC, the proposed strategy reduces the number of variables 

sensed on the converter necessary for its control. 
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4. A fair comparison between MF-PC and MPC strategies for a boost converter, 

considering reference changes and variations in physical converter parameters. 

 

 

Fig. 1. Boost converter diagram 

 

The rest of the paper is organized as follows: Section 2 shows the control description used 

to estimate the inductor current slopes of the dc-dc boost converter. Next, Section 3 presents 

the experimental results of the implementation of the proposed controller and a comparison 

with the FCS-MPC. Finally, the conclusions and future work are presented in Section 4. 

 

 

2.  MF-PC based on the inductor current averaging operating principle 

 

2.1. Slopes calculation based on inductor current measurement 

The operating principle of the proposed control is based on the dynamics of the inductor 

current in switched converters, assuming that its value will always be positive or, in other words, 

that it will work in continuous current mode. The inductor current in classical second-order dc-

dc power converters has a triangular waveform due to the semiconductors’ switching. 

Depending on the switching state, the slope of this current will be positive or negative. I f  

the switching state is 1, meaning the switch 𝑄1 is closed, the slope will always be positive, 

and vice versa. An example of both switching states of 𝑄1 is presented in Fig. 2. 

 

 

Fig. 2. Generic current waveform of a switching converter 
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Considering the above, it is possible to define a model-free control law that depends only on 

the value of the positive and negative slopes of the inductor current, which will be calculated 

and updated at each sampling instant 𝑘. To obtain an approximation of the next value of the 

current, a regressive approximation of the derivative is employed as follows: 

 
d

d𝑡
𝑖𝐿 ≅

Δ𝑖𝐿

Δ𝑇
=

𝑖𝐿(𝑘)−𝑖𝐿(𝑘−1)

𝑇𝑠
,  (1) 

where: 𝑖𝐿(𝑘) is the value of the current at the 𝑘 instant and 𝑇𝑠 the sampling time. Using (1), 

these two slopes can be calculated as follows in a discrete system with the proposed control 

topology: 

 𝑚𝑘
1 =

{
 
 

 
 10000, if    𝑘 = 0

𝑚𝑘−1
1 , if    𝑄1 = 0     or     

𝑖𝐿(𝑘)−𝑖𝐿(𝑘−1)

𝑇𝑠
≤ 0

𝑖𝐿(𝑘)−𝑖𝐿(𝑘−1)

𝑇𝑠
, if    𝑄1 = 1    or    

𝑖𝐿(𝑘)−𝑖𝐿(𝑘−1)

𝑇𝑠
> 0

, (2) 

 𝑚𝑘
2 =

{
 
 

 
 −10000, if    𝑘 = 0

𝑚𝑘−1
2 , if    𝑄1 = 1    or    

𝑖𝐿(𝑘)−𝑖𝐿(𝑘−1)

𝑇𝑠
≥ 0

𝑖𝐿(𝑘)−𝑖𝐿(𝑘−1)

𝑇𝑠
, if    𝑄1 = 0    or 

   𝑖𝐿(𝑘)−𝑖𝐿(𝑘−1)

𝑇𝑠
< 0

, (3) 

whereas (2) is the positive slope calculation when the switching state is 1, and (3) is the negative 

slope calculation when the switching state is 0, thus defining the values of 𝑚𝑘
1  and 𝑚𝑘

2, 

respectively. For the controller startup (𝑘 = 0), a high and arbitrary slope value is assumed, 

being 𝑚0
1 = 10 000 in the case of the positive slope, and 𝑚0

2 = −10 000 in the negative slope. 

Thus, the controller will be able to correctly execute the control law when starting, knowing the 

relationship between the switching state and the increasing or decreasing behavior of the current. 

Figure 3 shows a generic waveform of the inductor in steady-state and how, for each step, 

there is a slope 𝑚1 and 𝑚2 directly proportional to the difference between the current value of 

the inductor current 𝑖𝐿 and its value in the previous step and inversely proportional to 𝑇𝑠. 

 

Earl
y A

cce
ss



This paper has been accepted for publication in the AEE journal. This is the version, which has not been 

fully edited and content may change prior to final publication.  

Citation information: DOI 10.24425/aee.2025.153910 

 

5 

 

 

Fig. 3. Inductor current waveform under MF-PC based on inductor current averaging 

It is also possible to calculate the average of the slopes to reduce the prediction error in 

systems with more noise. Through (4), a simple moving average can be obtained for the case of 

a positive slope, using an unweighted average of the previous 𝑁 data points. 

 𝑚𝑆𝑀𝐴
1 (𝑘, 𝑁) =

1

𝑁
∑ 𝑖𝐿(𝑗)
𝑘
𝑗=𝑘−𝑁+1 . (4) 

 

2.2. Current prediction and calculation of optimal switching state 

Once the value of the slopes 𝒎𝟏 and 𝒎𝟐 has been calculated and updated, it is possible to 

estimate the future value of the inductor current for both switching states based on the current 

value of 𝒊𝑳 and the sampling time 𝑻𝒔, as follows: 

 𝒊𝑳(𝒌 + 𝟏) = {
𝒊𝑳(𝒌) +𝒎𝒌

𝟏 ⋅ 𝑻𝒔, if    𝑸𝟏 = 𝟏

𝒊𝑳(𝒌) +𝒎𝒌
𝟐 ⋅ 𝑻𝒔 if    𝑸𝟏 = 𝟎

. (5) 

With these predictions, and the inductor current reference 𝑖𝐿
∗(𝑘 + 1) for the next step, the 

cost function is computed to define the optimal switching state. For this work the cost functions 

for each slope are defined as: 

 𝐶𝐹up = 𝑖𝐿
∗(𝑘 + 1) − 𝑖𝐿up(𝑘 + 1), (6) 

 𝐶𝐹down = 𝑖𝐿
∗(𝑘 + 1) − 𝑖𝐿down(𝑘 + 1). (7) 

Finally, the state of the switching signal is set by comparing the cost functions, where 𝑆 = 1 

when 𝐶𝐹down > 𝐶𝐹up, and 𝑆 = 0  when 𝐶𝐹up > 𝐶𝐹down. The flowchart in Fig. 4 summarizes 

the proposed methodology. 
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Fig. 4. Flowchart of the proposed MF-PC 
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2.3. Description of FCS-MPC 

Due to the discrete nature of power converters and their finite number of switching states, 

the implementation of the MPC controller can be reduced to predict the future behavior of the 

system by calculating each of its possible states and evaluating which of them is the most 

appropriate control action and applying it directly on the converter switch. Thus, defining the 

problem of determining a control action based on the state of the switches 𝑺(𝒌), which allows 

one to bring the state variables 𝒙(𝒕) closer to the desired reference value 𝒙∗(𝒕) [1]. 

A simplified generic diagram of the FCS-MPC implementation on a power converter 

connected to a load is presented in Fig. 5. 

 

 

Fig. 5. Generic control diagram of FCS-MPC 

 

For each of the finite control actions 𝑆𝑖, with 𝑖 = {1, . . . , 𝑛 }, together with the measurements 

of the current value of 𝒙(𝑘), it is possible to predict the future value of the states based on the 

function 𝑓𝑝 of the form 𝒙𝒑𝒊 (𝑘 + 1) = 𝑓𝑝{𝒙(𝑘), 𝑆𝑖}, where the equations necessary for the 

prediction are derived from the discrete model of the converter and the system parameters, this 

being the main difference with the proposed MF-PC method. The cost function 𝑓𝑔, which will 

determine the control action, depends on the predictions made 𝒙𝒑𝒊(𝑘 + 1) and the desired value 

of the reference 𝒙∗, being: 𝑔𝑖 = 𝑓𝑔{𝒙
∗(𝑘 + 1), 𝒙𝒑𝒊(𝑘 + 1)}. From the previous expression, it 

follows that for the evaluation of 𝑔, the value of the future reference 𝒙∗(𝑘 + 1) is necessary. 

However, because 𝑇𝑠 s small enough compared to the dynamics of the system, it can be assumed 

equal to the current value 𝒙∗(𝑘). 
An expression commonly used to define 𝑓𝑔 is the absolute error between the prediction and 

the reference: 𝑔𝑖 = |𝒙
∗(𝑘 + 1)  −  𝒙𝒑𝒊(𝑘 + 1)|, which is calculated with each prediction value 

and adopts the control action that gives the lowest value of 𝑔𝑖. Figure 6 exemplifies the generic 

algorithm used in FCS-MPC. 
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Fig. 6. Generic FCS-MPC algorithm 

 

2.4. Model of boost converter to implement FCS-MPC 

The model used for the FCS-MPC implementation is based on a bilinear representation of 

the boost converter, which can be expressed as follows: 
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 𝒙(𝒌 + 𝟏) = 𝑨𝒙(𝒌) + 𝒖(𝒌)𝜷(𝒙(𝒌)) + 𝒅, (8) 

where the state variables are given by the vector 𝒙 ∈ ℝ𝟐, with 𝒙 = (𝒊𝑳, 𝒗𝟎), and the current state 

of the input 𝒖(𝒌). This model presents a linear part composed of the matrix 𝑨 ∈ ℝ𝟐×𝟐, and 

another non-linear produced by the product between 𝒖(𝒌) y 𝜷(𝒙(𝒌)): ℝ𝟐 → ℝ , defining this 

as: 

 𝜷(𝒙(𝒌)) = 𝑩𝒙(𝒌) + 𝒃, (9) 

with 𝑩 ∈ ℝ𝟐×𝟐, 𝒃 ∈ ℝ𝟐, and 𝒅 ∈ ℝ𝟐. The matrix parameters 𝑨, 𝑩, 𝒃 and 𝒅 are:  

 𝑨 = [
𝟏 −

𝑻𝒔

𝑳
𝑻𝒔

𝑪
𝟏 −

𝑻𝒔

𝑹𝑳𝑪

], (10) 

 𝑩 = [
𝟎

𝑻𝒔

𝑳

−
𝑻𝒔

𝑪
𝟎
], (11) 

 𝒃 = [
𝟎
𝟎
], (12) 

 𝒅 = [
𝑻𝒔𝑽𝒈

𝑳

𝟎
]. (13) 

 

 

 

3.  Experimental results 

 

This section presents the results of implementing the proposed MF-PC technique to regulate 

the inductor current in a boost converter supplying a resistive load. Furthermore, to evaluate the 

robustness of the controller, its performance is analyzed under parametric variations in the 

passive elements of the physical converter. 

 

3.1. Controller implementation 

A Rapid Control Prototyping (RCP) configuration is used for the implementation through a 

real-time simulation platform, which acts as the controller, and a physical boost converter. The 

platform is a Plexim RT Box 2 that operates with a 𝑻𝒔 of 5 𝛍𝐬, and interfaces with the converter 

using its analog and digital inputs and outputs. Those that will be responsible for the current 

measurement of the inductor current 𝒊𝑳(𝒕), the load voltage 𝑽𝟎(𝒕) to implement FCS-MPC, and 

the digital output with the control signal that will be applied to the switch 𝑸𝟏 of the boost 

converter. This sampling time value is used for both MF-PC and FCS-MPC, since both methods 

involve a variable switching frequency. Therefore, there is no fixed value of the switching 

frequency, although a maximum limit of 100 kHz can be defined in cases where there is a duty 
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cycle of 50 percent by considering 𝑻𝒔 of 5 𝛍𝐬. The implementation diagram of this control 

system is shown in Fig. 7. 

 

 

Fig. 7. Block diagram for the proposed MF-PC based on the inductor current averaging 

 

The parameters of the boost converter are presented in Table 1, where the values and 

characteristics of its passive and semiconductor elements are specified. The converter and the 

equipment used for its implementation are illustrated in Fig. 8, highlighting all devices involved 

in the control and experimental measurements. It is important to note that the converter design 

is based on a switching frequency of 100 kHz, a current ripple of approximately 0.7 A, and a 

supply voltage of 12 V. 

 
Table 1.  Selected components for the boost converter 

Parameter Component 

Capacitor 𝐶 

TDK, rated for 100 V, 100 kHz 

C5750X7S2A106M230KB 

25 × 10 μF 

Inductor 𝐿 

Wurth Elektronik, rated for 9 A, 

100 kHz, 74435584700, 

2 × 47 μH 

Power semiconductor 𝑄1 Power MOSFET Infineon, IRFB4110 

Diode 𝐷1 Vishay, V60100C 
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Fig. 8. Experimental setup: (a) oscilloscope, (b) current probes, (c) boost converter, (d) differential 

voltage probe, (e) RT Box 2 with analog and digital breakout boards, (f) current probe power supply, (g) 

MOSFET driver power supply, (h) input voltage power supply, and (i) dc electronic load 

 

3.2. Experimental results 

The experimental results are presented in Fig. 9, where the proposed controller is compared 

with the classic FCS-MPC using a spider chart that focuses on the following performance 

measures: steady-state error (SSE), prediction error (PE), current ripple (R), computational cost 

(CC) as a percentage (where the FCS-MPC is 100 percent), and the number of sensed variables 

(NSV). SSE, PE, and R, are measured in amperes and presented as absolute values. 

In all cases, the parameters 𝑅𝐿, 𝐿, and 𝐶 are physically modified directly on the power 

converter, while the nominal values are preserved in the controller’s code. The experimental 

evaluation consists of comparing the behavior of the controllers in the following cases: in 

nominal conditions (case 1), when the value of the inductor 𝐿 is reduced to 50 percent (case 2), 

when the value of the capacitor 𝐶 is reduced to 50 percent (case 3), and when the load resistance 

value 𝑅𝐿 is reduced to 50 percent (case 4). The results are presented in columns a), b), c) and d) 

of Fig. 9. All these tests will be accompanied by a variation of the current reference value 𝑖𝐿
∗ 

between 2 to 3 amperes for the first three evaluations and between 3 to 4 amperes in the last 

evaluation to avoid discontinuous current operation. Table 2 summarizes the different cases to 

be evaluated and the respective values of the converter parameters. 

 
Table 2.  Different evaluation cases 

Converter 𝑽𝒈 [Vdc] Parameters 
Nominal 

values 

Case 1 

(a) 

Case 2 

(b) 

Case 3 

(c) 

Case 4 

(d) 

Boost 12 

𝑅𝐿 [Ω] 10 - - - 5 

𝐿 [μH] 94 - 47 - - 

𝐶 [μF] 250 - - 100 - 

Ref [A] 2–3 - - - 3–4 
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The results obtained under nominal conditions show how the proposed strategy has a higher 

performance in terms of PE, R, and CC, but there is a higher SSE than that obtained by the 

FCS‑MPC controller. When faced with variations in the physical parameters of the converter, 

changes in the inductor are the ones that most affect the dynamics of both controllers; however, 

the proposed strategy has the best response to these changes and is superior to the compared 

technique in all indicators. 

 

 

4.  Conclusions 

 

A model-free predictive control approach based on the inductor current averaging for the 

dc-dc boost converter has been presented. A comparison with the FCS-MPC approach was 

performed, evaluating the steady-state error, prediction error, current ripple, computational cost, 

and the number of sensed variables required by each control technique. 

In all cases, the proposed MF-PC controller shows a superior dynamic characteristic to the 

FCS-MPC. Under normal conditions, it presents significant advantages in terms of prediction 

error, current ripple, and computational cost. In the case of SSE, the MF-PC method generates 

a higher value when the converter follows the low-value reference, and it is observed that it is 

proportional to the operating point at which the converter is working. In the case of R, this is 

directly related to the prediction made by the controller, which is better in most cases for the 

MF-PC method since it adjusts the slope values at each step by adjusting the prediction, only 

having a lower performance when making variations in the capacitor value where the FCS-MPC 

method takes advantage thanks to its additional measurement of the output voltage. A similar, 

or even higher, dynamic is shown when subjected to variations in the physical parameters of the 

converter, especially when changing the inductor value, where the FCS-MPC presents lower 

performance. This is something to highlight, considering that the proposal only requires the 

measurement of one variable, while the FCS-MPC needs to sense two variables (inductor 

current and capacitor voltage). Therefore, the proposed controller offers significant advantages 

compared to the classical predictive method in terms of implementation, since its execution 

implies a lower CC with a smaller NSV for the control of the converter. Additionally, because 

of the nature of these types of controllers, the proposed MF-PC presents a lower prediction error 

in all cases, demonstrating its adaptive capacity and robustness in prediction even when there 

are changes in the converter parameters. 

Future work in development is the extension of the proposed control to other converter 

topologies such as buck, buck-boost, and non-inverting buck-boost. And improvements in the 

control strategy are also being studied to implement this controller at high fixed switching 

frequencies. 
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