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ABSTRACT 

The paper presents a power control scheme for grid-tied multilevel cascade inverter with L grid filter and  modern predictive 

current control technique. The reference current for current predictive controller is based on the required active and reactive power 

supplied to the grid. The reference current is generated using instantaneous power theory (p-q theory). The behaviour of the system 

is simulated for different values of grid filter inductance and thus different grid current distortions. The quality of proposed control 

scheme is evaluated as p-q theory was originally designed for three-phase active power compensators and can not be considered as 

general power theory. The main advantage of proposed control scheme is its simplicity and fast response even with lower switching 

frequency. Predictive controller enables the control to be designed in stationary reference frame without the need of resonant current 

controller and PWM modulator. 
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1. INTRODUCTION 

The power electronics plays an important role in 
today’s renewable energy systems. The electrical energy 
harvested from a photovoltaic (PV) generator needs to be 
conditioned in order to by supplied to the electrical grid 
by a mean of PV inverter.  

The modern PV inverter can be considered to by a 
mature technology. However there are still several 
problems which need to be addressed. Some of them are 
higher order harmonics in supplied ac current, common 
voltage reduction, EMC, output filter size, reliability and 
lifetime, etc. In order to solve these problem there are 
several possibilities. One can use modern semiconductor 
components such as SiC, higher switching frequency, soft-
switching technique, new topology of power converter, 
etc. One of the possibilities is to use multilevel converters. 
The main advantages of multilevel converters when 
compared to dual-level converters are staircase output 
voltage with lower du/dt, lower THD, smaller power 
transferred by one semiconductor switch, lower switching 
losses. Some of the abovementioned problems can be 
addressed by incorporating modern control techniques 
such as fuzzy logic control, neural networks or predictive 
control. Traditionally, control technique had to ensure fast 
dynamics and stability of the systems. Nowadays 
requirements such as switching losses minimization, lower 
THD good performance in wide range of operating 
conditions, considering prohibited switching states, active 
dumping of oscillations, etc. are taking into account as 
well. [1][2] 

When considering modern power converter with finite 
number of switching states, nonlinearities and constrains 
and modern control implementation in discrete time, the 
predictive control technique comes as natural solution.  

Most advantages can be gained by combining modern 
multilevel converter with modern predictive control 
strategy. The scope of this paper is to describe predictive 
control of cascade multilevel converter used for PV 
inverter with emphasis on instantaneous grip-supplied 
power control. 

2. GRID CONNECTED CASCADE INVERTER 

This part describe the multilevel inverter current 
predictive control which is used as base for power control. 

2.1. System Description 

The PV generator is connected to the grid by a mean 
of single-phase cascade H-bridge inverter with output grid 
filter as shown in Fig. 1. The current control of the 
inverter is done by predictive control technique which 
ensures high dynamics. The reference current for 
predictive controller is generated by power control block 
which accepts required active and reactive power supplied 
to the grid as inputs. The control is realized in stationary 
reference frame. 

 

Fig. 1  Proposed control scheme for power control flow of grid 
connected cascade inverter 

2.2. System Model 

The main feature of predictive controller is the use of 
system model to predict the future behavior of controlled 
variables. The controlled variable in grid connected 
inverter with current control is the current supplied to the 
grid. The amplitude and phase shift of grid current with 
respect to the grid voltage are defined by required active 
and reactive power supplied to the grid.  
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The voltage source cascade inverter is connected to the 
grid through L filter. The system is described in discrete 
time by (1): 
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where: 

ig – is current supplied to the grid, 
u – is the output voltage of the inverter, 
ug – is grid voltage, 
L – inductance of L filter, 
R – resistance of L filter, 
TS – sampling time. 

The equation (1) is used in predictive controller to 
predict the future value of the grid current based on actual 
grid current and voltage as well as the inverter output 
voltage (Fig. 2). The proposed asymmetrical H-bridge 
cascade inverter is capable of creating 15 discrete levels of 
output voltage.  

 

Fig. 2  Predictive current controller of cascade inverter 

For predictive control, there is a need to create the cost 
function which will be evaluated in each sampling time 
and will define the behavior of the system. The cost 
function was chosen as difference between desired current 
igref and actual current ig in the next sampling period [8]: 

( ) ( ) ( )1 1gref gz k i k i k= + − +  (2) 

2.3. Grid Measurement 

In order to realize a control system of the one-phase 
cascade inverter in stationary reference frame there is a 
need to create grid measurements in stationary reference 
frame αβ. This is normally done by Clarke transformation 
in three-phase systems. However, Clarke transformation 
can not be utilized in one-phase system. Thus there is a 
need to create virtual two-phase generator in order to 
create stationary reference frame αβ. This virtual two-
phase generator needs to be used in grid voltage as well as 
grid current measurements. In the following, the virtual 
two-phase generator for voltage measurements in 
described. The current measurement principle in the 
stationary reference frame is the same and thus is not 
mentioned. 

The property of the stationary reference frame is that 
two voltages vα and vβ are orthogonal. If the grid voltage 
corresponds to the voltage uβ, than the voltage ugβ can be 
created as follows: 
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There are several possibilities how to create the 90 
degrees phase shift of the grid voltage to produce the ugβ 
voltage (e.g. storage elements, filters). One of them is to 
use second-order low-pass filter [5][6]. 

When the input voltage ug passes through the second-

order low-pass filter, which damping ratio 1 2ζ = , the 

undamped natural frequency ωn has the same value as the 
grid frequency, a signal with a phase-angle difference of 

π/2 and amplitude of 2
gm
U  is obtained [5]: 
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The second order low-pass filter is realized in discrete 
form with help of Tustin transformation. The resulting 
grid measurement block generating voltages and currents 
in the stationary reference frame is shown in Fig. 3. 

 

Fig. 3  Inside of grid measurement block 

3. POWER CONTROL 

The power supplied to the grid by the cascade inverter 
is defined by grid voltage and grid current. The grid 
voltage is considered as external variable and can not be 
changed. Thus the power control is realized solely by 
current control. By generating the required grid current 
based on grid voltage and required supplied active and 
reactive power and ensuring current control technique, the 
power control is realized as well. One way how to 
generate the required grid current to met power 
requirements is to use instantaneous power theory also 
known as p-q theory presented by Akagi in [4].  

The p-q theory was originally developed for active 
power factor compensators. It is based on the Clarke 
transformation of grid voltage and current in three-phase 
system into αβ stationary reference frame. It defines two 
instantaneous powers named as instantaneous active p and 
instantaneous imaginary q power (with no physical 
meaning): 
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 (5) 

The p-q theory can be used for one-phase systems as 
well. However, the resulting instantaneous active and 
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imaginary powers are doubled with respect to real one-
phase powers: 

1
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In [7] is shown that for sinusoidal balanced three-
phase system is the instantaneous reactive power equal to 
the active power and instantaneous imaginary power is 
equal to the reactive power: 
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The reference current for predictive current controller 
can be obtained by combining (6) and (7): 
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Only the current igαref is used as reference current for 
predictive current controller because the grid voltage ug 
corresponds to the voltage ugα. 

4. SIMULATION 

4.1. Simulation Setup 

The proposed power control technique of single-phase 
grid-connected cascade inverter with predictive current 
control was verified by simulation in MATLAB/Simulink. 
The program realization of control scheme from Fig. 1 is 
shown in Fig. 4. The asymmetrical 15-level cascade 
inverter has DC voltage levels of 60, 120 and 240 V. The 
grid filter has inductance of 10 mH and resistance of 10 
mΩ. The grid voltage is ~ 230V/50Hz and the sampling 
time TS was set to 100 µs. 

 

Fig. 4  Simulation scheme in Simulink 

4.2. Instantaneous Power 

At first, the accuracy of p-q theory when measuring 
instantaneous power in one-phase system was verified. 
The reason is that p-q theory is not general power theory 
[7] and the current supplied to the grid by the cascade 
inverter has some distortion. The accuracy of the p-q 
theory under these circumstances could be solved 
analytically. However, for particular inverter topology and 
control technique the easiest way is to use simulation.  

The simulation results are shown in Fig. 5 and 6. 
There was a step change in active power on 0.05 and 0.2 s 
and in reactive power on 0.125 and 0.25 s. The active and 
reactive power was measured with  p-q theory and  Active 

 

& Reactive Power meter from SimPowerSystems toolbox 
which measures the power of the first harmonic. The grid 
filter inductance L was set to 10 and 2 mH to simulate 
different distortion in grid current. 
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Fig. 5  Comparison of power measurement with p-q theory and 
first-order harmonic power meter Active & Reactive Power from 

SimPowerSystems toolbox for L = 10 mH 

As can be seen from Fig. 5 and 6 the power measured 
by p-q theory has high-frequency oscillations but the 
average value is close to one measured by Active & 
Reactive Power meter. The advantage of p-q theory is 
faster response time as there is no need to calculate the 
rms values of current and voltage. The fast response time 
is desired for high-dynamic predictive control. 
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Fig. 6  Comparison of power measurement with p-q theory and 
first-order harmonic power meter Active & Reactive Power from 

SimPowerSystems toolbox for L = 2 mH 

4.3. Power Control 

The power control was realized using (8). The inputs 
were required active and reactive power and the output 
was required grid current. The quality of power control 
was verified for two values of grid filter inductance: 10 
and 2 mH. Simulation results are shown in Fig. 7 and 8. 
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Fig. 7  Comparison of required and actual power measured with 
Active & Reactive Power from SimPowerSystems toolbox for L 

= 10 mH 
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Fig. 8  Comparison of required and actual power measured with 
Active & Reactive Power from SimPowerSystems toolbox for L 

= 2 mH 

Lower value of grid filter inductance causes higher 
grid current ripple, as indicates Fig. 10. This higher 
current ripple generates higher distortion power which 
results in imbalance between required and desired reactive 
power. As the value of the inductance is decreased the 
imbalance between required and actual reactive power is 
more significant (Fig. 8).  
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Fig. 9  Comparison of required and actual grid current for L = 

10 mH 

The current supplied to the grid and reference currents 
are shown in Fig. 9 and 10. 

Due to the fact that the instantaneous active power in 
p-q theory has real physical meaning (product of the same 
phase voltage and current) there is no error is steady state 
between required and actual active power to be supplied to 
the grid (Fig. 7 and 8). However, the imaginary power in 
the p-q theory has no real physical meaning (product of 
different phase current and voltage) and by considering it 
to be the reactive power the error between required and 
actual imaginary power is generated. This error is more 
significant as the grid current distortion is increasing. This 
is the case especially with lower grid current as the PV 
inverter is designed to produce the current small distortion 
(THDi less then 3%) when operating under nominal 
conditions.  
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Fig. 10  Comparison of required and actual grid current for  
L = 2 mH 

5. RESULTS 

Properties of p-q theory when used as power theory to 
control the grid-connected inverter are analyzed. The 
influence of grid current ripple to the accuracy of active 
and reactive power control is described. The p-q theory is 
often used for power control of inverters but without any 
further investigation on the power control accuracy. In the 
paper it is show that as the grid current distortion is 
increasing, the accuracy of the reactive power control in 
decreasing. Thus the p-q theory can not be used as general 
power theory when controlling grid-connected inverters 
without further compensation for higher current 
distortions. 

6. CONCLUSIONS 

The p-q theory used to power control of grid-
connected single-phase inverter is presented. Simulation is 
used to evaluate the quality of proposed control structure. 
It is shown that p-q theory can be used for fast power 
control with acceptable error in reactive power control for 
small grid current distortion. It is required by grid codes 
that the current supplied to the grid has small THD. It 
results in almost sinusoidal grid current. For sinusoidal 
voltage and current and balanced load the p-q theory can 
be used as fairly accurate replacement for general power 
theory. The proposed control structure will be verified by 
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measurement on laboratory model of small grid-tied 
cascade inverter as simulations show promising results. 
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