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Abstract: As the penetration of renewable power generation units connected to the grid increases, high power quality and ﬂexible
power regulation have raised much concern. This study proposes a competitive model predictive control strategy for inverters in
renewable power generation applications. The controller uses the system model to predict the system behaviour in each sampling
interval for each voltage vector, and the most appropriate vector is then chosen according to an optimisation criterion. In islanded
mode, the control objectives of the cost function are the α and β components of the voltage so that stable voltage for the local loads
can be established. In addition, a fast re-synchronisation scheme is introduced to achieve smooth grid connection. After connected
to the grid, a new prediction scheme is developed to fulﬁll ﬂexible active and reactive power regulation. Furthermore, a switching
frequency reduction scheme is presented to reduce switching losses, which are especially signiﬁcant when considering efﬁciency
for renewable power generations. The effectiveness of the proposed control strategy was tested by simulation using MATLAB/
Simulink and experimentally validated on a laboratory prototype.

1

Introduction

Owing to the rapid depletion of fossil fuels and the
government policy of reducing carbon dioxide emissions,
more and more distributed generation (DG) plants are being
developed, especially plants that exploit renewable energy
such as wind turbines and photovoltaic (PV) plants. These
are usually connected to low-voltage distribution lines. As
the penetration and capacities of DG units increase, the
power converters associated with these plants are required
to operate more efﬁciently and effectively in order to
maintain high power quality and dynamic stability [1–3].
To fulﬁll these requirements, advanced control techniques
are essential.
In a DG system, there are generally two operation modes:
the islanded mode and the grid-connected mode. In the
islanded mode, the DG sources and the local loads form
an isolated small power system, where the loads are
totally powered by the DG units. In this case, the
inverters should be able to provide a stable and high
quality voltage for the local loads. In addition, these DG
units should be able to achieve grid synchronisation and
re-connection. A basic requirement here is that the
transfer process should be as fast as possible, and not
have any negative effect on the utility grid or the DG
itself [4, 5]. After grid connection, the DGs should
ﬂexibly regulate active and reactive powers injected into
the grid. They could also be used to provide voltage
support and power quality improvement at the low
voltage distribution level [6, 7].
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Although many control methods have been developed to
control the inverters connected to a distributed generation
system, these methods mainly focus on one speciﬁc
operation mode; either islanded operation or grid-connected
operation. In the last decade, some studies have investigated
the control of inverters in islanded operation with a
particular focus on uninterruptible power supply (UPS)
applications. These include deadbeat control [8, 9], adaptive
control [10], multiloop feedback control [11, 12] and
others. However, these schemes use the output voltage and
current with outer and inner control loops, thus
proportional-integral (PI) regulators and pulse-width
modulation (PWM) modulators are required, and tuning
effort is needed in practical implementation. Recently a
control approach based on model predictive control (MPC)
was proposed, there is no need for internal current-control
loops or modulators, and the scheme is easy to implement
[13].
Attention has also been paid to the control of
grid-connected inverters. Direct power control (DPC),
derived from direct torque control of an AC machine, has
become one of the most popular control strategies for
grid-connected inverters because of its simplicity and
excellent dynamic response. However, high power ripple is
the
main
drawback
of
the
conventional
switching-table-based DPC (STDPC), leading to distorted
line currents [14]. Recently some improved DPC methods
have been developed for better performance [15–17]. Even
more recently predictive control techniques have become an
attractive alternative for the control of power converters.
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Among these, MPC has attracted much attention,
predominantly because it has a ﬂexible control scheme that
allows the easy inclusion of system constraints and
non-linearities. In this control, a model is used to predict
the system behaviour, and a cost function is employed as a
criterion to select the optimal switching states. The control
objectives of MPC can vary considerably according to the
application. For example, the control objective is the
inverter output voltage for a UPS system in [13]. In other
applications, the objectives are the active and reactive
powers in [18, 19] for a rectiﬁer; and the currents in
[20–22] for an inverter connected to an electrical machine
or other electric load. Nevertheless, the MPC strategy for a
grid-connected inverter is seldom mentioned in the literature.
This paper proposes a MPC strategy for an inverter utilised
in a renewable power generation system which is sufﬁciently
ﬂexible to achieve islanded operation, grid synchronisation,
and grid-connected operation. By changing the cost
function correctly this control strategy can be employed to
achieve stable voltage, fast and smooth grid
synchronisation, and ﬂexible active and reactive power
regulation. This control strategy is simple and easy to
implement. No PI regulators and PWM modulators are
required; synchronous coordinate transformation is also
eliminated, presenting excellent steady state and dynamic
performance.

2

V i = V c + if R + L

⎧
p
⎨2
V ej(i−1) 3 (i = 1 · · · 6)
V i = 3 dc
⎩0
(i = 0, 7)

2.2

In islanded operation, the static transfer switch S1 is OFF
while the bypass switch S2 is ON. The renewable power
generation system supplies the power to the local load. In
this scenario, the dynamic behaviour of the capacitor in the
LC ﬁlter can be expressed as
C

dV c
= if − iL
dt

(2)

where C is the ﬁlter capacitance, Vc is the capacitor voltage
vector, if is the inductor current vector, and iL is the load

(3)

Model of grid-connected operation

In grid-connected operation, the static transfer switch S1 is
ON while the bypass switch S2 is OFF. The inverter is
connected to the grid through the line inductor, and the
renewable power generation system supplies the power to
the local load together with the grid. The excess power
generated will be injected to the grid. In this case, the
mathematical model of the system can be expressed as
if = io

(4)

io = iL + ig

(5)

V i = V g + ioR + L

di o
dt

(6)

where Vg is the grid voltage vector, ig is the current vector
injected into the grid and io is the inverter output current
vector (after the LC ﬁlter), as depicted in Fig. 1. The
inverter instantaneous output active and reactive powers are

(1)

Model of islanded pperation

di f
dt

where R and L are the ﬁlter resistance and inductance,
respectively.

System modelling

A three-phase two-level inverter-based renewable power
generation system is considered in this paper, as shown in
Fig. 1. The inverter output voltage Vi can be controlled to
eight vectors and determined by the switching states, which
can be expressed in complex space vectors as

2.1

current vector (i o = i L). The voltage equation of the inductor
in the LC ﬁlter can be described by

 3

3 
P = Re V g i ∗o = Vga ioa + Vgb iob
2
2

(7)

 3

3 
Q = Im V g i ∗o = Vgb ioa − Vga iob
2
2

(8)

where * donates the complex conjugate, Vgα and Vgβ are the
real and imaginary components of Vg, while ioα and ioβ are
the real and imaginary components of io. In other words, Vg =
Vgα + jVgβ, io = ioα + jioβ.

3

Voltage control in islanded mode

In the islanded mode, the aim of the MPC controller is to
manage the inverter to establish a stable voltage for the
local loads without power supply from the grid. With this
goal, the MPC voltage controller predicts the future
behaviour of the capacitor voltage Vc. Combining (2) and
(3), the system model can be rewritten as a state-space system
dx
= Ax + BV i + Di L
dt

(9)

where
x=
Fig. 1 One-phase model of inverter-based renewable power
generation system
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Since the sampling time Ts is very small, one can assume
eATs = 1 + ATs +

(ATs )2
(ATs )n
+···+
2!
n!

(10)

≃ 1 + ATs

renewable power generation system is ready for grid
connection.

4 Flexible power regulation in
grid-connected mode

(11)

Once a DG unit is connected to the main grid, ﬂexible active
and reactive power regulation must be achieved to help
improve system stability and power quality [23, 24].
Therefore the control the objectives of MPC become the
active and reactive powers. Once the static transfer switch
S1 is closed, the bypass switch S2 is switched OFF. The
inverter is then supplying active and reactive power to the
local load and the grid through the L ﬁlter. According to (7)
and (8), the inverter active and reactive power derivatives
can be calculated from

Consequently, the capacitor voltage at (k + 1)th instant can be
predicted:



dVgb
diob
dP 3 dVga
di
ioa + Vga oa +
i ob + V gb
(15)
=
dt
dt
dt
dt
2 dt


diob
dQ 3 dVgb
dioa dVga
i + V gb
−
i − Vga
(16)
=
dt
dt ob
dt
dt
2 dt oa

Therefore the discrete-time model of the LC ﬁlter for a
sampling time Ts can be expressed by Cortés et al. [13]
x(k + 1) = Aa x(k) + Bb V i (k) + Dd i L (k)
where
Aa = eATs ,

Bb =

Ts

eAt dt,

Dd =

0

V c (k + 1) = V c (k) + eTs /C i f (k) +
−

Ts

eAt Ddt

0

C eTs /C − 1
V i (k)
L

Ts
i (k)
C L

(12)

To control the capacitor voltage, the cost function JV can be
deﬁned so that

2
k+1 2
k+1
JV = Vcref
+ Vcref
a − Vca
b − V cb
Vck+1
a

(13)

Vck+1
b

and
are the real and imaginary components
where
of the predicted capacitor voltage vector, respectively. In
k+1
other words, V c (k + 1) = Vck+1
a + jVcb . According to this
cost function, the voltage vector that generates the least
value of JV will be applied during the next sampling period.
The block diagram of the voltage control is illustrated in
Fig. 2.
According to (13), the Vc can track its reference because
the α and β components are tightly controlled. Based on
this analysis, it is expected that grid synchronisation can be
achieved by replacing the referenced voltage Vcref with the
grid voltage Vg, as illustrated in Fig. 2. Therefore the cost
function can be revised:

2 
2
k+1
+
V
−
V
JV = Vga − Vck+1
a
gb
cb

(14)

Using (14), the capacitor voltage can closely track the grid
voltage in terms of phase angle, amplitude and frequency.
When the grid synchronisation process is completed, the

If we consider sinusoidal and balanced line voltage, one can
obtain
V g = Vga + jVgb = |V g |ejvt
= |V g | cos vt + j|V g | sin vt


d
|V
|
cos
v
t
dVga
g
=
= −v|V g | sin vt = −vVgb
dt
dt


dVgb d |V g | sin vt
=
= v|V g | cos vt = vVga
dt
dt
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(18)

(19)

where ω is the grid voltage frequency in rad/s. The inverter
output active and reactive power derivations can then be
obtained by substituting (6), (18) and (19) into (15) and
(16) so that

V ga 
dP 3
Via − Vga − ioa R
= −vVgb ioa +
L
dt
2


+ vVga iob + Vgb Vib − Vgb − iob R

(20)


Vgb 
dQ 3
Via − Vga − ioa R
= vVga ioa +
L
dt
2


+ vVgb iob − Vga Vib − Vgb − iob R

(21)



By considering (7), (8), V g V ∗i = V ga V ia + V gb V ib +
 2


 
j V gb V ia − V ga V ib , and V g  = V 2ga + V 2gb , (20) and
(21) can be rewritten as
 
  2 
dP
R
3
 
∗
= − P − vQ +
Re V g V i − V g 
dt
L
2L


dQ
R
3
= vP − Q + Im V g V ∗i
dt
L
2L

Fig. 2 Block diagram of voltage control

(17)

(22)
(23)

where once again * donates the complex conjugate. Therefore
the active and reactive power at the end of the sampling
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Fig. 3 Block diagram of ﬂexible power regulation

period Ts can be predicted from
 
  2 
R
3
 
Pk+1 = Ts − P − vQ +
Re V g V ∗i − V g 
+ Pk
L
2L
(24)


R
3
Qk+1 = Ts vP − Q + Im V g V ∗i
L
2L



frequency, the expression of cost function (27) is revised to
+ Qk

(25)

However, it can be seen that the power prediction using (24)
and (25) would be very complicated, making implementation
difﬁcult. In this paper, a new and simple prediction scheme is
developed. The discrete-time model of (6) can be expressed as


i o (k + 1) = Ts V i (k) − V g (k) − i o (k)R /L + i o (k)

(26)

Assuming the grid voltage is constant during the sampling
period, P(k + 1) and Q(k + 1) can be calculated by
substituting (26) into (7) and (8). This prediction scheme is
more straightforward than (24) and (25) where power
derivatives are used, thus reducing the computational
burden. This is quite useful for MPC because calculating
the cost function can be very time consuming for a
hardware processor, especially if several constraints are
included in the cost function while high sampling frequency
is required.
After the power is predicted, the next step is to evaluate the
effects of each voltage vector on the active and reactive
powers and to select the one which produces the least
power ripple according to a speciﬁc cost function. In this
paper, the cost function is deﬁned by
2

JP = Pref − Pk+1 + Qref − Qk+1

2

(27)

The block diagram of grid-connected operation is as shown in
Fig. 3.

5

Fig. 4 Active power trajectories and switching position with
N-step prediction

JP =



2

Pref − Pk+1 + Qref − Qk+1


  k+1

k

+ l2
Di − Di

2



(28)

i=a,b,c

where Dik+1 and Dki represent the switching state of the
rectiﬁer leg i (i = a, b, c) at the current control period and
the next control period, respectively. Di = 0 or 1, 0 means
the upper transistor is OFF and the lower one is ON, 1
indicates the inverse switching state, λ2 is the weighting
factor. The ﬁrst term in (28) reduces the power ripple and
helps track the reference while the second term contributes
to the objective of switching frequency reduction. A large
value of the weighting factor λ2 implies greater priority to
the latter objective. Therefore by deﬁning the cost function
as (28), the switching frequency can be taken into account.
Bear in mind that eight possible vectors should be
evaluated in (28) for switching frequency reduction,
although only seven vectors are needed for (27) because the
effects of V0 and V7 are the same when the reduction of the
switching frequency is not considered.
Note that if λ2 is too large; that is, switching frequency
reduction is more aggressive than necessary, the system
stability will deteriorate, resulting in excessively large
currents and power ripple. In order to reduce the switching
frequency without system performance deterioration, an
N-step horizontal prediction for system stability
improvement has been developed. The inverter output
power at the (k + N )th instant is predicted from the value at
the (k + 1)th and (k + 2)th instants using linear
extrapolations. To visualise this prediction theory, Fig. 4
depicts an example of the active power trajectory and the
switching position with N-step prediction. The active and

Switching frequency reduction

When the renewable power generation system injects power
into the grid, power conversion efﬁciency is a signiﬁcant
concern. Since large capacity distributed power generation
with high voltage levels is likely to increase in popularity,
switching frequency reduction has attracted attention. This
is because the switching loss can be reduced by use of
lower switching frequency in the converter. With lower the
switching frequency, there can be less power loss with no
system performance deterioration; that is, higher efﬁciency
can be obtained. Here, in order to reduce the switching
IET Renew. Power Gener., 2014, Vol. 8, Iss. 3, pp. 240–248
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Table 1 System parameters
Line resistance R
filter inductance L
filter capacitor C
line-line voltage Vg
voltage frequency f
DC source voltage Vdc
sampling period Ts
local load RL
weighting factor λ2
weighting factor λ3

0.51 Ω
4.8 mH
36 uF
120 V (rms)
50 Hz
250 V
50 μs
50 Ω
75
0.16
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Fig. 5 Block diagram of the proposed MPC strategy for renewable power generations

reactive powers at the (k + N )th instant can be predicted from
Pk+N = Pk+1 + (N − 1) Pk+2 − Pk+1

(29)

Qk+N = Qk+1 + (N − 1) Qk+2 − Qk+1

(30)

where Pk + 1, Q k + 1, Pk + 2 and Q k + 2 can be obtained using
the method presented in Section 4. In this paper, N = 5.
Consequently, the cost function (28) can be further revised
to (see (31))
where λ3 is the weighting factor of the component in charge of
system stability. Using linear extrapolation for the
approximate prediction, where the coincidence point N is
larger than 2, this is feasible, especially when the sampling
period is short. This will be validated in the simulation and
experimental results in the next sections.

6

Fig. 6 Simulation results of capacitor voltage and load current

Simulation results

The proposed control strategy was tested in simulation using
MATLAB/Simulink. The system parameters are listed in
Table 1. A constant 250 V DC source is used to simulate
the renewable energy source output. The control system
starts to operate at 0.02 s, the grid synchronisation begins at
0.1 s and the DG system is connected to the grid at 0.15 s
with P ref = 0 W and Q ref = 0 VAr initially. A block diagram
of the whole proposed control strategy is shown Fig. 5. The
basic operation of the proposed renewable power system is
as follows. When a utility grid fault occurs, the renewable
power system should be isolated from the grid. In this case,
the grid is unavailable and a stable and high quality voltage
must be established for the local load within the renewable
power system. Therefore the voltage control cost function
(13) should be used. After clearance of the grid fault, the
renewable power system should be re-connected to the grid,
which can be achieved simply by using the grid voltage as
the reference; that is, the grid synchronisation cost function
(14) should be utilised. After grid connection, the utility
grid voltage is available to the local load. In this case,
obviously the renewable power system should be able to
supply active and reactive powers to the utility grid ﬂexibly

JP =


P

ref

−P

k+1 2

+ Q

ref

−Q

k+1 2




+ l2

and efﬁciently. Consequently, the cost function (31) for
ﬂexible power regulation with switching frequency
reduction should be employed.
6.1

Islanded operation

Fig. 6 shows the capacitor voltage (Vc) and load current (iL) in
islanded operation. It can be seen that a stable voltage is
established very quickly, and this is sinusoidal with low
distortion (total harmonic distortion (THD) = 2.54%). A
zoom-in of the phase A voltage Vca and its spectrum are
shown in Fig. 7.
6.2

Grid Synchronisation

The grid synchronisation process and grid connection are
presented in Fig. 8. From top to bottom, the waveforms are:
capacitor phase A voltage (Vca), grid phase A voltage (Vga),
and inverter output currents (io). It can be seen that the
inverter output voltage can match the grid voltage in less
than 1 ms once the grid synchronisation algorithm starts to


  k+1


 

k
D
− Di + l3 Pref − Pk+N  + Qref − Qk+N 
i

(31)

i=a,b,c
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Fig. 7 Spectra of capacitor voltage, THD = 2.54%

Fig. 9 Simulation results of ﬂexible power regulation

operate. After the voltage is synchronised with the grid
voltage, in terms of amplitude, frequency and phase angle,
the renewable power generation system is connected to the
grid through the static transfer switch. The capacitor of
the LC ﬁlter is bypassed at 0.15 s. It can be observed that
the grid connection is very smooth without obvious
over-shoot current. It can also be noted that the P and Q
references are set to zero during the grid connection
process. After successful grid connection at 0.15 s, the
inverter system can be controlled in order to output any
active or reactive power within its capacity. Here, the
inverter starts to output active power at 0.22 s, as illustrated
in Fig. 9. Therefore the inverter output current io is zero
between 0.15 s and 0.22 s because P and Q are controlled
to be zero.

7

6.3 Flexible power regulation in grid-connected
mode
Fig. 9 presents the power regulation performance. Initially the
reactive power is set to 0 VAr while the active power is
stepped from 0 to − 2 kW at 0.22 s and backed to 0 W at
0.24 s. After that, the active power is kept at 0 W while the
reactive is stepped to 1 kVar and then to − 1 kVar. It can
be seen that the proposed MPC strategy presents excellent
dynamic response, tracking the references in less than 0.5 ms.

Fig. 8 Simulation results of grid synchronisation and connection
IET Renew. Power Gener., 2014, Vol. 8, Iss. 3, pp. 240–248
doi: 10.1049/iet-rpg.2013.0078

Experimental results

The proposed control strategy was further validated by
experiment using a laboratory PV system setup, as shown
in Fig. 10. It consists of the following devices: a
three-phase Semikron intelligent insulated gate bipolar
transistor power module as the inverter, an ABB DC power
source, a three-phase LC ﬁlter, an over-current protection
device and a three-phase isolated transformer to increase the
inverter output voltage from 120 to 415 V from the main
grid. A dSPACE DS1104 power PC (PPC)/digital signal
processor (DSP) control board was employed in order to
implement the real-time algorithm coding using C language
for the control. The voltages and currents are sampled using
ControlDesk, which is interfaced with the DS1104 and a
PC at a rate of 20 kHz. The system parameters are the same
as the simulation.
7.1

Islanded operation

In islanded operation, the static transfer switch S1 is OFF
while the bypass switch S2 is ON, and the islanded mode is
selected, as illustrated in Fig. 5. The experimental results of
the islanded operation are shown in Fig. 11. From top to
bottom, the curves shown in Fig. 11a are the capacitor
voltage, load current and inductor current of the LC ﬁlter. It

Fig. 10 Laboratory setup for renewable power generations
245
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Fig. 11 Experimental results of islanded operation
a capacitor voltage, load current, and line inductor current
b spectra of capacitor voltage, THD = 3.70%

Fig. 12 Experimental results of grid synchronisation
a capacitor line-to-line voltage and grid line-to-line voltage during grid synchronisation
b capacitor voltage, grid voltage and inverter output current at grid connection moment

can be seen that the experimental results are in good
agreement with the simulation. The capacitor voltage was
established quickly and it is very stable. Owing to the
resistive load, the load current is proportional to the
capacitor voltage. The inductor current presents
high-frequency harmonics which are attenuated by the ﬁlter.
A zoom of the capacitor phase A voltage, Vca, and its
spectrum are shown in Fig. 11b.
7.2

Grid synchronisation

Fig. 12a shows the waveforms of the capacitor and grid voltages.
Once the grid synchronisation process begins, the two curves are
in close agreement in terms of phase, frequency and magnitude
and this is realised very quickly. The grid-connection is then
done in a safe and smooth manner by closing S1 and switching
off S2, as shown in Fig. 12b.
7.3

Grid-connected mode

Once connected to the grid, the bypass switch S1 is off and the
power control algorithm is activated, so the DG system
246
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supplies power to the local load and the grid. If the power
generated is less than the local load demand, more power
would be imported from the grid. On the other hand, if the
power generated is larger than the local load demand, the
excess will be exported to the grid. Since the conventional
STDPC [14, 15] is commonly used it is used here as a
benchmark. Fig. 13 shows the dynamic responses of
STDPC and the proposed MPC strategy. It can be observed
that both the methods present excellent transient
performance. However, the power ripples of the proposed
strategy are much smaller than that of STDPC, leading to
much more sinusoidal line currents. It can be noted that the
active and reactive powers shown in Fig. 13 are from the
inverter output, not those exchanged between the main grid
and the microgrid. For example, the DG system generates
−2 kW ( −2 kW means power is ﬂowing out from the
DG
system),
the
local
load
consumes
√
2
3 × 120/RL = 288 W, so there are about 1.712 kW of
power fed into the grid by the DG system.
In order to validate the effectiveness of the switching
frequency reduction of the proposed MPC strategy, a
comprehensive set of tests were carried out. These used
IET Renew. Power Gener., 2014, Vol. 8, Iss. 3, pp. 240–248
doi: 10.1049/iet-rpg.2013.0078
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Fig. 13 Experimental results of ﬂexible power regulation
a STDPC, left: active power steps, right: reactive power steps
b proposed MPC strategy, left: active power steps, right: reactive power steps

STDPC, the proposed MPC strategy using (27), the proposed
MPC strategy using (28) and the proposed MPC strategy
using (31). The average switching frequency is calculated
by counting the total commutation instances of the PWM
gate drive signals of a phase leg were during a ﬁxed period.
To obtain a better understanding of the proposed MPC
strategy, the quantitative results of the different strategies
are summarised in Table 2. It can be seen that the
performance of the proposed MPC strategy using (27) is
much better than that of STDPC in terms of the power
ripple and current THD. This is as expected because the
MPC controller selects the most appropriate voltage

Table 2 Quantitative comparison of steady-state performance
Strategy
STDPC
MPC (27)
MPC (28), λ2 = 75
MPC (31), λ2 = 75,
λ3 = 0.16

fs, Hz

fsw, Hz

THD, %

Prip, W

Qrip, Var

20 k
20 k
20 k
20 k

3217
3150
968
1721

6.35
2.76
15.59
3.01

70.62
44.55
229.64
45.38

105.29
40.36
132.29
46.17

( fs: sampling frequency; fsw: average switching frequency)
(Prip, Qrip: active and reactive power ripples, calculated using
standard deviation)
IET Renew. Power Gener., 2014, Vol. 8, Iss. 3, pp. 240–248
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vector-based on a cost function rather than choosing the
vector according to a look-up table. Furthermore, if the
switching frequency reduction is also introduced to the cost
function, that is using (28), the average switching frequency
is reduced considerably to only 968 Hz. However, the
system performance deteriorates signiﬁcantly at this low
frequency, with large power ripple and severely distorted
inverter output currents with THD = 15.59%. If one further
step is made to add a component to (28), that is using (31),
the system is stabilised, and the switching frequency is
reduced signiﬁcantly with only slight deterioration in terms
of current THD and power ripple compared to the system
using (27).
Finally, it is worth mentioning that the optimisation of the
weighting factor λ2 and λ3 is out of scope of this paper, this
speciﬁc research topic combined with the knowledge of
mathematics and optimisation design is investigated in other
research studies such as [22].

8

Conclusions

This paper proposes a model predictive control strategy for
renewable power generation. The proposed control strategy
can be used as a general control approach for distributed
generation units to achieve islanded operation, grid
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synchronisation and grid-connected operation. By changing
the cost function appropriately, different control objectives
can be fulﬁlled. In islanded mode, the control objectives are
the α and β components of the voltage. In order to achieve
grid connection, the voltage reference in the cost function
can be replaced by the grid voltage without changing the
control structure. After connection to the grid, a new
prediction scheme is developed for grid-connected
operation, which is a simple and effective way to fulﬁll
ﬂexible active and reactive power regulation. Last but not
least, an effective switching frequency reduction algorithm
is proposed, which is very attractive in terms of increasing
the efﬁciency of renewable power generation systems.
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