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Abstract: This paper presents a comparative analysis of two current control methods of single phase on-grid inverter- the
hysteresis current control and the fuzzy logic hysteresis current control method. The aim of the paper is to compare the values
of the main researched parameters of the on-grid inverter and to show which control method is more energy efficient. The
research model is established by means of differential equations with the software MATLAB/SIMULINK. The comparison of
the operation of the inverter with both control methods is analyzed in two different cases of the output power of the system -

800W and 1600W approximately.
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1. Introduction

The most frequently used methods of control of on-grid
inverter are the Pulse-Width Modulation (PWM) method and
the hysteresis current control method. Both of them have
advantages as well as disadvantages [1], [2]. One more recent
and innovative method combines the mathematic concept of
fuzzy logic by means of which uncertain and vague problems
can be solved [3] with hysteresis current control [4], [5].

Fuzzy logic is a mathematic concept which allows the
solution of not very precise problems and it is based on
incertitude and vagueness [6]. This logic is used in the
control of on-grid inverters [7].

The other control logic used in this paper- the hysteresis
current control is based on creation of reference signal which
is compared constantly with the inverter output signal. This
method is applied in different power electronic devices- on-
grid inverters [8], [9], active power filters [10], bi-directional
converters [11].

An example of the combination of both methods- fuzzy
logic and hysteresis current control for active power filters is
presented in [12], [13].

This paper presents a comparative analysis of hysteresis

and fuzzy logic hysteresis current control of on-grid inverter.
Both models are developed in the MATLAB/SIMULINK
environment and use the same on-grid inverter model
realized on the basis of solving of differential equations
connected to the grid via a LCL-filter. In the case of classical
hysteresis current control the hysteresis value is constant and
in the case of the combined fuzzy logic and hysteresis current
control method, three different values of the hysteresis are
used according to the current value of the difference between
the transitory values of the current of the inverter and the
reference current.

The operation of the inverter is studied in two cases. In the
first case the power of the inverted is sufficient to supply the
load and in the second case its power is lower than the
desired power by the load.

2. Operation

In the first case the inverter control based on hysteresis
current control uses as a feedback signal a comparison of two
signals- the voltage of the point of common coupling Vpcc
and the inverter current Ijyy. Voltage is needed for the
synchronization. The current is compared to a preliminary set
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reference current izzr. The result of the comparison of the
difference of these two currents and the hysteresis H defines
which couple of power switches will be turned on [14].

In the second case when the control of the inverter is based
on combined fuzzy logic and hysteresis current control, the
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fuzzy logic is implemented by comparison of the transitory
values of the inverter output current and reference current to
produce output signal based on fuzzy logic by choosing one
of the three values of the hysteresis [15].
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2.1. Input Data

For the simulation of the model the following data is used:

Lef=5A; Vp, =400V ; Ly =25mH ; C=2uF ;
L, =40uH ; Vs =230V 5 Lsource = 127 pH 5 Rsource =
12.3mQ; R;pqq = 68 Q, corresponding to an output power
of 778W and R,,,q = 33, corresponding to an output
power of 1603W.

The value of the hysteresis in the hysteresis-current control
is H = 0.25 A.

The three values of the hysteresis of the fuzzy-logic
current control are H; = 0.1 A, H, = 0.25 A4, H; = 0.5 A.

For the needs of the software currents, voltages and
hysteresis values are lessened by the factor of 100, in order to
be operated in the range of the variables of
MATLAB/SIMULINK.

2.3. Simulation Models

2.3.1. Hysteresis-Current Control Model

4

R load

I load L

Figure 1. Block diagram of the system.

2.2. Equations

The equations used to create the model of the system are:

iy, = (1)
iy, =260 )
fsource = o atet 3)
Vpce = lioad * Rioad 4)

where s is the Laplace’s operator.
The fuzzy-logic based equations are described here below:

if (ip,=H,y| ig2Hy| i, 2Hs ) { -1 }else if (i, <H,| ip,<H,|
i <H3) {15} Q)

Vsource V-\

® -+ -+
j uc

va Product

uc

(Continuous|

C 1
0.000002s

powergui

* 0.0025s | ILfI L1

1/sL1 Uref] ﬁv

1/sL2 1
0.00004s P ——
Gain 0.000127s+0.0123
ry

S |V
Vsource

V(Ls+L2)s+Rs]

Tsource

m—

L1-uref

+

—1

relay

Relay

Figure 2. Simulation of hysteresis control of single-phase grid inverter.
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2.3.2. Fuzzy-Logic Hysteresis-Current Control Model
.
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Figure 3. Simulation of fuzzy logic hysteresis control of single-phase grid inverter.

3. Results of the Computer Simulation
3.1. Resistive Load of 6882

3.1.1. Waveforms

In this case the power of the inverter is sufficient to supply
the load.

From the two sets of waveforms on Fig.4 one can notice
identical waveforms. In both cases the load current is in
phase with the voltage at the point of common coupling
which is normal as the load is resistive. On the other hand the
inverter current is displaced in 180° to the voltage at the
common point of coupling.
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From the results we can notice that both methods of
control have the same efficiency as the waveforms have the
same shapes and values.

3.1.2. Frequency Analysis

Frequency analysis of the voltage at the point of common
coupling (Vpcc) and inverter current (Ip) for both control
methods are presented in Fig.5.
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Figure 4. Waveforms obtained from the simulation of the on-grid inverter
model. Hysteresis current control on the left diagrams and fuzzy logic
hysteresis current control on the right diagrams. From top to bottom: the
voltage of the PCC, the grid current, the inverter current, the load current:
a) hysteresis current control results; b) fuzzy-logic hysteresis-current
control.
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Figure 5. Harmonic spectrum of the voltage of PCC- upper diagram and
source current- lower diagram. Hysteresis current control on the left
diagrams and fuzzy logic hysteresis current control on the right diagrams.
The X-axis span from 0 to 2kHz (four upper co-ordinate systems) and from
2kHz to 100kHz (four lower co-ordinate systems).

The results are divided in two joint co-ordinate systems-
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from 0 to 2 kHz and from 2kHz to 100 kHz.

The shapes of the simulation results for both methods are
identical. However we can notice higher values of the main
harmonic for Vpce and Iy for the combined fuzzy logic
hysteresis control method.

3.2. Resistive Load of 338
3.2.1. Waveforms
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Figure 6. Waveforms obtained from the simulation of the on-grid inverter
model. Hysteresis current control on the left diagrams and fuzzy logic
hysteresis current control on the right diagrams. From top to bottom: the
voltage of the PCC, the grid current, the inverter current, the load current:
a) hysteresis current control results; b) fuzzy-logic hysteresis-current
control.

In this case the power of the inverter is not sufficient to
supply the load and the grid supplies half of the active
power.

From the two sets of waveforms presented in Fig.6 one
can notice identical waveforms as in the case of load of
68Q. In both cases the load current is in phase with the
voltage at the point of common coupling which is normal as
the load is resistive. On the other hand the inverter current
is displaced in 180° to the voltage at the common point of
coupling.

As in the previous case from Fig.4 both methods of
control have the same efficiency as the waveforms have the
same shapes and values.

3.2.2. Frequency Analysis

Frequency analysis is done the same way as in the
previous case. Results are presents in Fig.7.

In this case when power of the inverter is not sufficient to
supply the load and half of the active power is supplied by
the grid we can notice the same phenomena as in the case
when the power of the inverter was sufficient to supply the
load- same shapes, same harmonics, higher values for the
combined method of control.

The one remarkable difference is the lack of harmonics
for the higher harmonics in the case of the combined
control, which is not the case for the hysteresis control
results.

Figure 7. Harmonic spectrum of the voltage of PCC- upper diagram and
source current-lower diagram. Hysteresis current control on the left
diagrams and fuzzy logic hysteresis current control on the right diagrams.
The X-axis span from 0 to 2kHz (four upper co-ordinate systems) and from
2kHzto 100kHz (four lower co-ordinate systems).

4. Conclusion

The comparative analysis of two methods of control of on-
grid inverters presented in this paper proved the advantages
of each of them.

From the simulation results in the time and frequency
domain it is clear that both methods could provide correct
control of the on-grid inverter so that it can operates in
parallel with the electric grid.

The results for the shapes and values of the main
parameters of the system for both control methods are
identical. The only difference can be noticed in the frequency
analysis simulations- where in both cases harmonic values of
the study for the combined method are higher.

This paper presents only computer simulation results but
they are significant enough to show that in case of a study on
system or grid which is more sensitive to harmonics or which
have some special requirements for the high harmonics we
should use the hysteresis current control to do the study.

In case of no special requirements regarding the high
harmonics and physical realization of the system we can use
the combined method as it is easier to be implemented.
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