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Abstract: Model predictive current control of a five-level cascaded H-bridge (CHB) inverter with different 

sampling times is presented in this paper. The purpose of the current controller is to regulate the load current 

within the set reference current. A simulation model of the five-level CHB inverter with Model Predictive 

current controller (MPC) has been built to demonstrate the CHB inverter system performance in terms of  Total 

Harmonic Distortion (THD) level of the load current and reference current tracking for a step change with 

different sampling times. The simulation results are observed by using the MATLAB Simulink software to 

validate the proposed current control technique. 

Key Words:Cascaded H-bridge (CHB) multilevel inverter, Model Predictive Current Controller, Total 

Harmonic Distortion (THD). 

 

I.   Introduction 
In recent trends, multilevel inverters [1], [2], plays an important role in a wide range of industrial 

applications. The multilevel inverters have several advantages over the traditional converters: operation with 

voltages over the switching device rating, reduced common-mode voltages, and smaller voltage changes (dv/dt).  

These inverters can also effectively reduce the switching stress and can provide an output waveform with many 
voltage levels, which is the main characteristic of these inverters. The application of multilevel converters 

covers a wide range that includes the following: high-power drives [3], active filters [4], and other industrial 

applications like conveyor systems, fans, pumps, traction, and ship propulsion. In recent years, an extensive 

array of multilevel structures has appeared [5]-[11]. They include, the Cascaded H-bridge (CHB), Neutral point 

clamped (NPC) and Flying capacitor (FC) [12] multilevel structures. The Cascaded H-bridge multilevel inverter 

is a popular converter topology and has found widespread applications in industry, for instance, in high-power 

medium-voltage drives [13]-[15] and reactive power compensating [16]. This paper deals with the CHB 

inverter, which consists of single-phase H-bridge inverters in series connection with independent dc links of 

equal voltage, to provide the total output voltage to the load [17]. 

The classical strategies for control and modulation of CHB inverters use linear control and phase-

shifted pulse width modulation [18] or space vector modulation [19], [20] modulation in order to generate the 

switching signals for controlling the converter. Other modulation methods for low switching frequency have 
also been proposed [21]–[23]. In recent years, new control strategies have been studied for the current control of 

power inverters. Among them, model predictive control (MPC) has been applied for the control of power 

converters due to its several advantages, like fast dynamic response, easy inclusion of nonlinearities and 

constraints of the system, and the flexibility to include other system requirements in the controller [24]–[26]. 

The MPC uses the load and inverter model in order to predict the future behavior of the system over a horizon in 

time., but it calculates the variables at the next sample time using all the switching states and selects the one that 

minimize a given cost function [27]. The cost function represents the desired behavior of the system. 

Considering that power converters are systems with a finite number of states, given by the possible 

combinations of the state of the switching devices, the MPC optimization problem can be simplified and 

reduced to the prediction of the behavior of the system for each possible state. It is flexible and simple to 

implement, and can be easily applied for the current control in a three-phase inverter [28], [29] and a matrix 
converter [30], power control in an active front-end rectifier [31], and torque and flux control of an induction 

machine [32]–[35]. In multilevel converters, MPC has been applied for a three level NPC inverter [36], a flying 

capacitor converter [37], and an asymmetric 27-level CHB inverter [38] using all the switching states of the 

system. An MPC approach for selective harmonic elimination is proposed in [39].  

In this paper, the MATLAB-simulink model is used to show the performance of the five-level CHB 

inverter with the proposed current control technique. The performance of the CHB inverter in terms of the load 

current THD with different sampling times and reference current tracking for a step change with different 

sampling times.    
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II.    Chb Inverter Model 
The CHB inverter model is formed by the series connection of H-bridges with separate DC sources. A 

three-phase CHB inverter topology is essentially composed of three identical phase legs of the series-chain of 

H-bridge converters, which can possibly generate different output voltage waveforms and offers the potential for 

AC system phase-balancing. The AC output voltage is synthesized by the addition of the voltages generated by 

different H-bridge cells. Each single phase H-bridge generates three voltage levels as +Vdc, 0, -Vdc by 

connecting the DC source to the AC output by different combinations of four switches (S11, S12 ,S21 and S14). For 

generating five level output voltage, a two-cell CHB three-phase inverter with RL load is modeled as shown in 

fig (a). The Topology of one cell and the Topology of two cells is shown in fig (b) and (c), respectively. 

 

                                        
(a) 

 
(b) 

 

            
(c) 

Fig.1 CHB inverter. (a) Two-cell CHB three-phase inverter with RL load. (b) Topology of one cell. (c) Topology of two cells 

 

For each phase, the number of possible voltage levels is 

m = 2C + 1                                                              (1) 

Where, m is the number of levels and C is the number of series connected cells in one leg.  

In the three-phase CHB inverter, the number of voltage level combinations Km is  
Km = m3                                                                    (2) 

On the other hand, each cell has two switching signals, and for C cells in each leg, the voltage per leg of the 

inverter in terms of binary switching signals is 

VaN = Vdc  (Sij, 1 − Sij, 2)c
j=1                               (3) 

 Where, Si j, 1 and Si j, 2 are the switching signals of the phase i and cell j. The possible switching combination KS 

for a CHB inverter with C cells in each leg is 

KS = 26C                                                                       (4) 

 

From Fig. 1(a), the differential equation for the current of one leg of a three-phase RL load connected to the 

CHB inverter is 
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van (t) = L
𝑑𝑖𝑎(𝑡)

𝑑𝑡
 +Ria(t)                                           (5)    

Where, van is the voltage across the load with reference to its neutral point. However, the voltage across the load 

in terms of the inverter voltage is 

va0 = vaN + vn0                                                                      (6) 

Where, vn0 is the common-mode voltage (vcm), defined as 

𝑉𝑛𝑜 =  𝑉𝑐𝑚 =
𝑉𝑎𝑁 + 𝑉𝑏𝑁 + 𝑉𝑐𝑁

3
                                                 (7)             

The load model can be expressed as a vector equation using the following vectorial transformation: 
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Where, a, b and c are the three-phase variables of voltage or current, and α and β are the vectorial variables. 

Using this transformation, (5) can be described in terms of the vectorial variables α−β as 

V𝛼𝛽  𝑡 = 𝐿
𝑑𝑖𝛼𝛽 (𝑡)

𝑑𝑡
+ 𝑅𝑖𝛼𝛽 (𝑡)                                       (9) 

Where, Vα, β is the inverter voltage vector and iα, β is the load current vector. 

 

III.    Model Predictive Current Controller 
The Model Predictive current control is a conceptually new approach to the nonlinear current control in 

three-phase inverters. A model of the CHB inverter and the load is used to predict the behavior of the current for 

each different voltage vector generated by the inverter. The vector that minimizes a quality function is selected. 

The predictive current control avoids the application of any modulation method in the CHB inverter. 

The primary idea of the predictive current control scheme is to predict the behavior of the load current 

for each possible voltage vector generated by the inverter. The prediction of the current is based on the 

discretized model of the system [14].  

 

Approximating the derivative di/dt in (9) by 
𝑑𝑖𝛼 ,𝛽

𝑑𝑡
≈

𝑖𝛼 ,𝛽  𝑘+1 −𝑖𝛼 ,𝛽  𝑘 

𝑇𝑠
          (10)    

and substituting it in (9), the following expression is obtained for the future load current vector: 

i 𝑘 +  1 𝛼, 𝛽 =
𝑇𝑠

𝐿
 𝑉𝛼 ,𝛽  𝑘 − 𝑖𝛼 ,𝛽  𝑘  𝑅 −

𝐿

𝑇𝑠
                     (11) 

 

 

Fig.2. Block diagram of model predictive current controller 

The equation (11) will be used in the predictive controller to predict the future value of the load current for a 

given voltage vector. The current prediction is evaluated by using the following cost function in order to select 

the appropriate voltage vectors for the current control. 

g[k + 1]=|i∗α[k +1] − iα[k +1]| +|i∗β[k + 1] − iβ[k + 1]|           (12) 
 

where, i∗α[k+1] is the reference current vector prediction. For sufficiently small sampling times, it can be 

assumed that i∗α,β[k+1] ≈ i∗α,β[k]. The cost function (12) is evaluated for each possible voltage vector. The 

voltage vector which minimizes the cost function is selected and applied to the load. The block diagram of the 

predictive current control is shown in Fig. 6. Here, the measured currents are used for the prediction of the n 

future values of the load currents, corresponding to the n possible voltage vectors, where n = 125 for a five-level 

inverter [40]. These predictions are evaluated by the cost function, and the voltage vector which minimizes this 

function is selected and applied.  
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Fig.3. Voltage vectors for a five-level CHB three-phase inverter 

 

The five-level inverter generates 125 voltage vectors, but with the vectorial transformation shown in (9), there 

are some redundant vectors generated with different voltage levels. With C cells in each leg of the CHB 

inverter, the amount of non-redundant voltage vectors is 

V = 12C2 + 6C + 1              (13) 

 

In Fig. 3, the voltage vectors and the number of equivalent voltage levels for a five-level CHB inverter, with 61 

different voltage vectors, are shown. For the current control, only one voltage level state for each vector is 
necessary. The selection criterion is to select the voltage level states that minimize the common voltage vector, 

as defined in (7). This elimination of redundant vector does not affect the behavior of the current control, 

because the possible voltage vectors that can be applied to the load do not change. However, with this 

modification, the inverter voltage waveforms are improved, and the common-mode voltage is considerably 

reduced. Note that voltage vectors in the outer hexagon have no redundancies and some of them generate high 

common-mode voltage. 

 

IV.    Simulation Results 
The simulation of the model predictive current control of the CHB inverter with different sampling 

times is performed in the MATLAB/Simulink software. The simulation parameters are given in table 1. The 

load used for simulation results is an RL load. The input DC voltage, VDC = 45V is considered for each cell. 
Table.l. Simulation parameters 

Parameters Values 

Input voltage (Vdc) 45 V 

Load resistance (R) 47 Ω 

Load inductance (L) 15 mH 

Reference current  0.95 A 
 

The load current THD and the inverter voltage THD are observed for various values of the sampling times, and 

are given in table 2. The harmonic spectrum of load current waveform and the inverter voltage waveforms are 

analyzed using the Fast Fourier transform (FFT). Fig.4 shows the inverter phase to neutral voltage, load voltage 

and load current waveforms with a sampling time of 25µs. The Fig.5 and Fig.6 shows the harmonic spectrum 

for load current and inverter voltage with a sampling time of 25µs, respectively. Fig.7 and Fig.10 shows the 

inverter phase to neutral voltage, load voltage and load current waveforms with sampling times of 100µs and 
200 µs, respectively. Fig.8 & Fig.9 and Fig.11 & Fig.12 shows the harmonic spectrum for load current and 

inverter voltage with  sampling times of 100µs and 200µs, respectively. 
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(a) 

 

 

(b) 

 
(c) 

Fig.4. (a) Inverter Phase to Neutral Voltage, (b) Load Voltage and (c) Load Current Waveforms with sampling 

frequency of 25µs 
 

 

Fig.5. Harmonic spectrum for Load Current with a sampling time of 25µs 
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Fig.6. Harmonic spectrum for voltage with a sampling time of 25µs 

 
(a) 

 

 
(b) 

 
(c) 

Fig.7. (a) Inverter Phase to Neutral Voltage, (b) Load Voltage and (c) Load Current Waveforms for Predictive 

controller with sampling frequency of 100µs 
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Fig.8. Harmonic spectrum for Load Current with a sampling time of 100µs 

 

 
Fig.9. Harmonic spectrum for voltage with a sampling time of 100µs 

 

 
(a) 

 
(b) 
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(c) 

Fig.10. (a) Inverter Phase to Neutral Voltage, (b) Load Voltage and (c) Load Current Waveforms for Predictive 

controller with sampling frequency of 200µs 

 
Fig.11. Harmonic spectrum for Load Current with a sampling time of 200µs 

 

 
Fig.12. Harmonic spectrum for voltage with a sampling time of 200µs 

 
The sampling time has a significant impact on the ripple of the current and the switching frequency of the CHB 

inverter. From Table.2, it is observed that the current THD increases with increase in sampling time, and the 

voltage THD gradually decreases with increase in sampling time. 

 

Table.2. Load Current THD and Inverter Voltage THD for different sampling times 
Sampling Times 

 
Current THD 

 
Voltage THD 

 

  25 µs 1.41% 37.35% 

  50 µs 2.95% 36.88% 

  75 µs 4.15% 36.61% 

100 µs 5.70% 35.53% 

125 µs 6.49% 35.33% 

150 µs 7.62% 34.38% 

175 µs 9.84% 33.52% 

200 µs 11.12% 32.71% 

 

The dynamic responses of the CHB inverter with the sampling times of 25 µs, 100 µs and 200 µs for a step 

change in the amplitude of the reference current (from 1 A to 2 A at time 0.06s), are shown in the Fig.13-15, 

respectively. From the simulation results, it is observed that a major separation between the fundamental and 
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switching harmonics is obtained by using a smaller sampling time. Also, the overall performance of the control 

is improved, achieving a very good reference tracking, and a better transient response. 

 

 
Fig.13. Reference Current Tracking for a sampling time of 25 µs 

 
Fig.14. Reference Current Tracking for a sampling time of 100 µs 

 
Fig.15. Reference Current Tracking for a sampling time of 200 µs 

 

V.    Conclusion 
The model predictive current control of the CHB inverter with RL load is performed for different 

values of the sampling times. The model predictive current controller controls the load current very effectively 

and exhibits a very good reference tracking for smaller sampling time. The current and voltage harmonic 

spectrum for various sampling times are also observed. It is also observed that a major separation between the 

fundamental and switching harmonics is obtained by using a smaller sampling time, improving the overall 

performance of the model predictive current controller. 
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